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The reinforcement of cementitious matrices with structural fibers in concrete production imposes
restrictions on the workability of fresh concrete compared to that without fiber addition. Several
international standards have sought to develop and evaluate better methods for this technology. In Brazil,
the most recent standards have continued to analyze the workability of concrete using the traditional
slump test method. This work, which investigated three different types of fibers in three different dosages,
shows that the flow table method can be better used to measure the effect of different levels and types
of structural fibers in concrete. The results showed that when plastic concrete receives the addition
of fibers, its workability is little changed under energy, which is the principle of the flow method and
the practical application using vibrators, but there is a loss of this property when measured using the
traditional slump test method. When this workability was corrected using the slump test method, the
water content of the concrete mixes increased. The comparative results showed that the analysis of
the impact of structural fiber dosage by combining the two methods can support the development of

concretes using only the slump test method.
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1. Introduction

The use of fibers to stiffen cementitious matrices is
a technology that is widely used to reinforce concrete in
various applications in the construction industry'. For
example, structural fibers have also been widely used in
the production of concrete for tunnel linings, together with
the advancement of the NATM (New Austrian Tunneling
Method) technique’.

The use of structural fibers in concrete considerably
increases toughness, ductility, flexural strength, and shear
strength. It reduces the formation of cracks and, consequently,
their opening in highly stressed elements such as bridges
and long spans of slabs. Fibers have good bonds with the
cementitious matrix, thus providing excellent load transfer
along the matrix-aggregate-fiber structure in concrete?,
and studies have also explored the incorporation of high-
performance fiber-reinforced concretes with advanced
cementitious matrices for specialized applications such
as tunnel linings and infrastructures under severe loading
conditions®.

Combining different types of fibers can improve concrete
performance. They are called hybrid fibers due to their
combination in terms of shape, size, modulus of elasticity,
and tensile strength’. For example, the combination of steel
and polypropylene fibers increases resistance to cracking and
improves the toughness of concrete™”. In particular, steel
fibers have been shown to significantly improve flexural
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behavior and crack control, even under conditions of low
conventional reinforcement ratios®.

However, the material’s improvements in mechanical
behavior (hardened state) lead to losses in rheological behavior
in terms of fluidity, one of the required properties of the so-
called ‘workability’ characteristic in concrete technology. The
yield stress and plastic viscosity increase with the increase
in fiber content (concentration) in the concrete volume®. The
biggest influencing factor is the orientation and volume of
the fibers in each volume of concrete, followed by the type
and shape of the fiber'’.

Fibers can cause changes in concrete, both in the fresh
and hardened state. By impairing workability and fluidity
in fresh concrete, it is necessary to use superplasticising
admixtures, so concretes with higher fiber contents and
increased use of admixtures alter the cementitious matrix
to improve fluidity!!.

The addition of fibers to a granular structure such as
concrete also alters the packing effects of the mixture. As
a result, the fresh state changes significantly the longer the
fiber is. In the hardened state, in plastic concretes that are
compacted by vibration, this effect of greater granular spacing
is mitigated. It is therefore clear to the concrete technologist
why the greater the volume of concrete fibers, the greater
the fine fraction of the concrete’s granulometric skeleton'?.

The efficiency of CRF in distributing stresses in the matrix
is related to an increase in the composite’s capacity to absorb
energy. Reinforcement with discontinuous fibers controls the
opening and propagation of cracks, modifying the mechanical
behavior of the concrete after rupture, improving its toughness,
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i.e. its capacity to absorb energy, its impact resistance and its
fatigue resistance. Compared to conventional concrete, CRF
is more tenacious. However, for it to be effective, the fiber
needs to interact well with the matrix. And the point that
needs to be debated most by the technical community is the
test method that best qualifies the influence of the fibers and
the dosages that represent their application.

This paper looks at the impact of structural fibers on
rheological behavior using two different methods: the slump
test, which is the usual method for this application in Brazilian
standards, and the spreading method under vibration energy
using the Flow Table method. The trivial method of the slump
test, when indicating workability under the deformation of the
cone under its own weight, is influenced by the locking that the
fibers provide. By using energy to allow flow to occur, the effect
of workability can be better evaluated, as will be seen below.

2. Concrete Rheology

To understand the behavior of Portland Cement Concrete
in its fresh state, it is important to understand its rheological
properties. Given its importance, the development of studies
and experimental procedures is growing to better understand
its properties in its fresh state.

The behavior of concrete in its fresh state depends on the
viscosity of the matrix and the amount of materials added
to the matrix. According to Isaac Newton, the viscosity of
a fluid is the resistance to sliding of its molecules due to
internal friction. Therefore, the greater the degree of friction,
the greater the viscosity of the material'.

The study of the flow and deformation of matter,
analyzed in terms of the relationships between shear stress
and deformation, is called rheology. The relationship between
the stress to which a material is subjected and its deformation
defines its rheological behavior'*. To obtain these parameters,
experimental tests must be performed using viscometers
or rheometers®. The distribution of fibers plays a key role
in enhancing strength and toughness through synergistic
effects'®, making the accurate assessment of fiber dispersibility
and its influence on workability both theoretically relevant
and practically valuable. As emphasized'’ the rheological
parameters such as yield stress and plastic viscosity are directly
influenced by fiber characteristics, especially in mixtures
where fibers reduce fluidity and increase internal friction.

2.1. Impact of fiber on concrete workability

A better understanding of the influence of fibers on the
rheology of concrete is important so that fibers can be used
effectively. Although fibers improve the brittle nature of the
composite, they can hinder workability in the fresh state and
understanding properties in the hardened state'.

The American Society for Testing and Materials'®
defines workability as the energy required to manipulate
fresh concrete without considerable loss of homogeneity.
Another definition, given by the American Concrete Institute',
describes workability as the ease and homogeneity with which
fresh concrete can be manipulated from mixing to finishing.

Fibers can have synergistic rheological and mechanical
effects and optimized fiber combinations can enhance better
mechanical performance while maintaining flow properties
suitable for fiber-reinforced self-consolidating mortar?,
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In fiber-reinforced concrete, workability decreases
regardless of the content and type of fiber incorporated
into the matrix. The addition of a high fiber content makes
uniform distribution difficult; however, good distribution
is necessary to achieve the benefits conferred by the fiber!.

The use of polypropylene (PP) fibers, for example, reduces
the workability of concrete, as they increase viscosity and restrict
the movement of the components of the concrete matrix. This
behavior is also observed with the use of other types of fibers?'.

A study carried out* using PP microfibers showed an
effect in reducing the slump of a concrete mix, due to the
greater specific surface area of the fiber, which causes greater
cohesion in the mix. A study with macrofibers showed a
40% reduction in the workability of the concrete mix, when
inserted in dosages greater than 1%,

Therefore, the use of fibers in concrete causes a significant
reduction in workability*. As a result, we seek to develop
dosages that present high spreadability and that use additives
to improve their performance®. Thus, the importance of
workability is quite clear; a concrete mix that cannot be
easily poured will certainly not have the initially desired
strength and durability characteristics.

Workability is a complex property and directly linked to
properties such as plasticity, consistency and water retention.
Its rheological characteristics can interfere with the quality
of the concrete during the mixing, transportation, application
and finishing processes'.

2.2. Test methods for measuring the workability
of concrete

Several test methods have been developed to measure the
workability of fresh concrete. All of these methods depend
on the implicit assumption that the number of constants in
the set of variables is only one, so that workability can be
expressed in terms of unit value. They are largely qualitative
measures based on arbitrarily defined scales'.

Most technical standards specify different test methods for
assessing workability, and the reason for this is that none of them
can cover the wide variation in workability used in practice’.

In the fresh state of concrete, its various applications
need to have distinct characteristics. There is a lack of a test
that can globally measure workability on construction sites,
and fluidity tests such as the slump test are adopted, where
the value of this property is adopted for workability, which is
inappropriate®’. Despite the limitations of single-point tests,
they continue to be used on a large scale for the specification
and quality control of concrete in the fresh state!!’.

* Slump Test

The slump test is the only parameter generally measured,
and even laboratory studies rarely provide additional
information on the flow behavior of concrete. The rheometers
usually used in laboratories to check rheological properties
are sophisticated devices with a relatively high cost'>.

Since fibers impart considerable stability to a fresh concrete
mix, the cone slump test is not a good index of workability.
For example, the introduction of a steel or glass fiber content
of 1.5 volume to some concrete with a 200 mm slump is
likely to reduce the slump of the mix to about 25 mm slump?.



Evaluation of the Flow Table Method for Analyzing the Rheology of Concrete with Fi-bers 3

Figure 1. Procedure for performing the Slump test. Available at: http://docplayer.com.br/5348976-Materiais-de-construcao-tc-031.html.

The slump test is not suitable for measuring the consistency
of a very fluid or very dry concrete mix. Furthermore, it is not
a good measure of workability although it is a good measure
of the consistency or flow characteristics of plastic concrete.
This test is not satisfactory for a measure of the rheological
behavior of concrete; the main reason why it is popular is that
it provides a simple and convenient test (Figure 1).

¢ Flow Table — Graff ‘s Table

Mortars and concretes can be characterized by the
consistency table test, Flow Table, where it is possible to
evaluate the consistency of the material according to its
workability, however, this is insufficient for a more complete
evaluation in the fresh state'.

The Flow Table test has the advantage of being dynamic
and considers the system viscosity and yield stress. The test
also qualitatively evaluates the tendency to segregation.
However, the disadvantage of the method is that it does not
reproduce practical application conditions of the material,
for example, in the launching process, due to the impact by
spreading under shear'.

According to EN 12350-5%, to carry out the test, after
collecting the concrete in a period of less than 5 minutes,
the truncated cone mold should be filled in two layers of
approximately equal volume and compacted with ten evenly
distributed blows with a socket. After removing the mold,
the table should be suspended by the handle and released
15 times in 15 seconds, to produce compaction energy and
cause the concrete to spread (Figure 2).

After removing the mold, the circumference dimensions
of both sides of the spreading table must be measured. If the
difference is greater than 40 mm, the test must be repeated.
The consistency of the concrete is the arithmetic means of the
measured diameters. The fluidity of concrete can be determined
as the ratio between the consistency of the concrete divided
by the diameter of the largest base of the truncated cone mold.

-
-

Figure 2. Procedure for performing the Scattering test on the Graff
table. Available at: http://docplayer.com.br/5348976-Materiais-de-
construcao-tc-031.html.

3. Materials and Methods

In order to allow an adequate interpretation of the
workability of the concrete, through the consistency indices
provided by the different proposed methods: (a) spreading
on the Graff table by EN 12350-5% and (b) slumping of the
cone by ABNT NBR 16889%, to evaluate the application
of structural fibers, foreseeing the need to also determine
the correlation in trivial concretes without the application
of fibers in order to indicate the relationship between the
test methods in concretes without the application of fibers
in the matrix.

Initially, the reference concrete (base) was prepared with
different water contents to obtain distinct values in the Slump
Test and on the Flow Table, with the aim of establishing a
correlation curve between the two methods.
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The selection of steel (ST), glass (GL), and polypropylene
(PP) fibers was based on their widespread use in industrial
flooring, in accordance with common project specifications and
manufacturer indications (Figure 3). These fibers represent the
main categories of structural reinforcement for cementitious
matrices, with each type offering distinct characteristics
in terms of mechanical properties and interaction with the
matrix. The study focused on these typologies due to their
practical and commercial relevance in the civil construction
sector, specifically for industrial floors™®.

The structure of the concrete was also characteristic
of the granular structure (aggregates) for application in
pavements expected to meet class C35—ABNT NBR 8953.
For these concretes, polyfunctional chemical additives were
adopted - normative classification of plasticizers based on.

The Fiber Reinforced Concrete (FRC) was initially
produced with a water content adjusted to achieve a target
slump of 140 mm. After this reference mix was established,
fibers were incorporated, and the workability was evaluated
using both the Slump Test and the Flow Table Test.
Subsequently, the mixture’s consistency was re-adjusted
to restore the initial slump value of 140 mm through the
addition of water. The workability was then re-evaluated
using the same test methods.

4. Concrete Reference Mix

The concrete used for the study was developed based
on the trivial specifications for concrete applied to polished

()
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floors. These specifications, indicated below, concern the
amount of cement, water content, mortar content, among
other premises. They follow the recommendation of cement
designers for brazilian industrial floors, the amount of cement
between 320 and 380 kg/m’.

Thus, Table 1 defines the base mix for the entire study.
The reference concrete, to compose the correlation curve
between the test methods — which did not receive fibers —
had its consistency increased with the addition of water.

4.1. Dosage of fibers

The selection of fiber types was based on structural fibers
commonly used in industrial flooring applications, with dosages
reflecting practical usage in projects and following manufacturer
technical guidelines. The fiber dosages were defined according to
recommended minimum reinforcement levels and approaching
the upper dosage limits for structural applications, considering
the distinct densities and aspect ratios of each fiber type.

The fibers are composed of different materials: steel, glass,
and polypropylene. Therefore, the densities prescribe values
for incorporation into concrete. Table 2 below describes the
values used in the work, and Table 3 presents the physical
properties of fibers.

5. Results and Discussions

The fiber reinforced concrete mixes — FRC, were prepared
with a water content of 185 liters/m?, thus obtaining slump
within the expected range. Then, the indicated amount

(<l

Figure 3. Fiber volume equivalent to a mass of 10 g: (a) glass fiber - GL; (b) steel fiber - ST and (c¢) polypropylene fiber - PP.

Table 1. Composition of the study’s reference trait.

MATERIAL SPECIFICATION kg/m? SPECIFIC MASS
Cement Type CP II F40 (Brazilian) 350 3.05
Sand Natural sand 745 2.64
Coarse agg. #12mm basalt 245 2.94
Coarse agg. #19mm basalt 926 2.94
Additive Plasticizer 3.0 1.10
Water - 185%* -
Total mortar content (by mass) 50.05%
Total mortar content (by volume) 51.59%

* The water content was adjusted to achieve the required slump.
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of fiber was added, and the initial slump was measured,
demonstrating the loss of consistency obtained by each type
and amount of fibers. Soon after, the concrete was re-dosed
to the required slump (slump consistency) of 140 + 10 mm,
and then the measurement was again made using the Slump
Test and Flow Table (Table 4).

5.1. Analysis of the consistency relationship using
the Slump Test and Flow Table methods

Both methods aim to predict the level of workability
through the deformation of a portion of concrete. In this
work, the correlation analysis was reproduced in reference
concrete in different consistencies to demonstrate that there
is a good correlation between the workability measured by
the Slump Test and the Flow Table Test.

Table 2. Fiber dosage method of the experimental program.

The water content for the concrete was adjusted to 170,
and 211 liters/m?, obtaining different results and, based on
the results presented for traces 1, 2 and 3 of reference, the
results of the Slump Test were plotted against those obtained
for the Flow Table (Figure 4).

From the presentation of the Graph in the previous
Figure, it is possible to validate the excellent correlation
with R?> 0.98 obtained in the tests of the reference concrete.
This demonstrated that the fluidity of the paste/mortar can
be measured and with regular growth in both methods the
higher the water content of the composition.

5.2. Analysis of workability loss with fiber addition

All prepared concretes reached the required initial slump
without the addition of fibers. Fibers were added and the

FIBER TYPE FIBERLESS CONCRETE STEEL 80/60 POLYPSIZCIEI_:LENE GLASS 36 mm
Name Reference ST PP GL
Dosage A - 20 kg/m?® 0.25% 3.0 kg/m* 0.33% 3.0 kg/m* 0.12%
Dosage B - 25 kg/m?® 0.32% 4.0 kg/m* 0.44% 5.5 kg/m* 0.21%
Dosage C - 30 kg/m® 0.38% 5.0 kg/m® 0.56% 7.0 kg/m* 0.27%
Cone Slump Test* Yes Yes Yes Yes
Graff Table Test* Yes Yes Yes Yes

Table 3. Physical properties of fibers.

Tensile Strength  Elastic Modulus

FIBER TYPE Density g/cm® Length (mm) Diameter (mm) Aspect Ratio (L/d)

(MPa) (GPa)
Steel Fiber ST 7.9 60 0.75 80 1100 210
Fiberglass GL 2.6 36 0.54 67 1700 72
Polypropylene Fiber PP 0.9 54 0.48 112 700 5
Table 4. Results obtained from Flow Table and Slump Tests.
RESULTS OBTAINED FROM FLOW TABLE AND SLUMP TESTS
CLASS Quangity of fibers érllll::::ll) Fl(filvlt”}ztle Wraetg(r)sr:é]usllrsglgor Redosed Slump  Redosed Flow
per m® (kg | % vol) (mm) (mm) (liters/m?) (mm) Table (mm)
CONCRETE WITHOUT FIBER (REFERENCE MIX)
e : o 30 185 : :
P oy : 0w : :
e : B0 s 2 : :
STEEL FIBER REINFORCED CONCRETE
FRC steel fiber 1 20.0 kg 1 0.25% 80 330 199 140 390
FRC steel fiber 2 25.0 kg ]0.32% 90 330 204 140 430
FRC steel fiber 3 30.0 kg | 0.38% 70 300 205 135 410
FIBERGLASS REINFORCED CONCRETE
FRC fiberglass 1 3.0kg|0.12% 110 350 198 140 470
FRC fiberglass 2 5.5kg|0.21% 70 330 205 140 420
FRC fiberglass 3 7.0kg|0.27% 70 350 212 130 430
POLYPROPYLENE FIBER REINFORCED CONCRETE
FRC polypropylene 1 3.0kg|0.33% 50 320 220 130 410
FRC polypropylene 2 4.0 kg |0.44% 40 300 238 135 430

FRC polypropylene 3 5.0kg|0.56% 40 320 235 140 495
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consistency was measured again by the proposed methods,
showing a reduction in workability in all cases.

The fibers cause an interlock that reduces consistency,
especially when measured by the Slump Test method. In
order to assess the influence of fiber type on workability, a
statistical comparison was performed for both Slump (%)
and Flow Table (%) test results, considering the variations in
relation to the reference concrete. The analysis of variance
(ANOVA) for Flow Table measurements indicated no
statistically significant difference between fiber types at the
5% level (p =0.085), although a trend of lower propagation
was observed with glass fibers. Conversely, the ANOVA
for Slump (%) revealed a statistically significant difference
between fiber types (p =0.033), confirming that the traditional
slump test is more sensitive to fiber addition, particularly
with polypropylene mixtures maintaining higher consistency
levels even after fiber incorporation. The combined boxplot
presented in Figure 5 illustrates these variations in relation
to the control mix across both tests, highlighting the superior
stability of Flow Table results when analyzing the rheological
effects of fiber reinforcement, they were relativized from the
reference concrete of the Sample Without Fibers - reference 1.

After analyzing the values obtained, it can be stated that
the addition of fiber content reduced the concrete slump, on
average, by 43% for steel fibers, 40% for glass fibers and
69% for polypropylene fibers. Thus, it is clear to state that the
structural glass fiber behaved similarly to the steel fiber in the
loss of consistency by the Slump method, and the polypropylene
fiber was the one that effectively reduced the consistency.

However, the variation in the Flow Table results was not
significant and was considered typical variations within the test.

w
i
o

500 -
¥ = 199,16e%003%

T 450 R?=0,9832
B
L
=
€ 350 4
g
¥ 300

250

200 ' : : v )

0 50 100 150 200 250

slump test (mm)

Figure 4. Consistency relationship between the Slump Test and
Flow Table test methods — Fiberless concrete.
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Figure 5. Consistency loss after the addition of different fiber
contents and types, based on reference concrete 1.
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This variation was therefore considered negligible, and it can
be stated that, for this method, the workability was not altered.

As expected, the locking by the structural fibers conditioned
to the concrete is easily noticeable at the yield stress required
for the Slump Test method. However, when low energy is
applied, such as when struck by the Flow Table plate, the
mass is dispersed (densified). This shows that the workability
of concrete, under the action of low energy, remains the same
as that required for concrete without fibers.

The Flow Table test better simulates field conditions where
vibratory compaction is applied, as it introduces dynamic
impulses that mobilize horizontal flow and promote internal
particle rearrangement, similar to in-situ vibration. In fiber-
reinforced concrete, where fibers increase internal friction and
restrict settlement, the Flow Table captures the mix’s ability
to reorganize under movement more effectively than the static
Slump Test, which measures only vertical displacement by
gravity. Additionally, since the paste and mortar phases contain
the same controlled and adequate water content, proper fluidity
is maintained during vibration, allowing fibers and aggregates
to realign under compaction. The experimental results confirm
this: while the Slump Test exhibited significant reductions
in workability with increasing fiber content, the Flow Table
demonstrated smaller variations relative to the reference mix
across all fiber types, reflecting the actual compaction behavior
under field-like dynamic conditions.

5.3. Analysis of required water content after fiber
addition

After the loss of consistency with the addition of fibers,
the next step performed in the dosages was to return the
FRC concrete to the slump median value of the dosage
without fibers, which was 140 mm. It is common in the
practice of supplying concrete with fibers, the adulteration
of the concrete matrix with the addition of water to obtain
(redosing) the initial slump™®. This practice, as widely known
in the technical field, induces concrete to a significant loss
of mechanical strength and durability.

To obtain an initial slump of 140 mm (185 liters of the
reference minus the initial water obtained from each mix),
the amount of slump to be corrected was divided by the
average water content (Figure 6).

The steel FRC was the best rheologically, followed by
the FRC with fiberglass and then by the polypropylene fiber
with the worst performance, as it is considered better to the
one that requires the least amount of water to obtain the initial
slump (consistency) of 140 mm. Although superplasticizer
can be used to adjust consistency, this study intentionally
adopted water content correction to directly demonstrate the
actual influence of fiber incorporation on water demand and
its impact on axial compressive strength. To mitigate this
increased water demand, it is recommended that water-reducing
admixtures, such as superplasticizers, be incorporated from
the mix design stage through to on-site production, serving as
a supplementary corrective material to maintain workability.

5.4. Interaction between workability
determination methods

Both methods express the tacit concept of workability in
consistency values. The Slump Test requires that the mixture
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be more plastic than fluid to present greater settlement, thus
demonstrating that the test value will be higher in line with
greater ease of molding, and the Flow Table method also
expresses itself in this direction.

However, while the settlement (value) of the Slump
consistency is given by the collapse due to its own weight,
the Flow Table uses the application of standardized energy to
express a value after spreading the concrete fraction. It is in
this difference that one can better evaluate the development
of concretes with fibers in our national methodologies, since
the locking generated by the structural fibers in the concrete
matrix is clear.

Thus, the measure of workability expressed here only
under the scope of moldability (densification) with energy
(vibration), is compromised. The good plasticity of the paste
or of the direct mortar fraction itself is “hidden”. The FRC
already has in its design a matrix with obstacles to overcome
in terms of fluidity.

In the graph in Figure 7, it is possible to evaluate the
points of loss of plasticity of the concretes immediately
after the addition of the fibers, with an original slump of
140 mm and a spread (flow) of 330 mm. And compare the
workability obtained in the flow table after redosing and
“return” to the initial slump.

The relationship between Slump Test and Flow Table
measurements for the different groups is illustrated in Figure 7.
For the reference concrete without fibers, a strong linear
correlation was observed (Flow Table = 1.5 x Slump + 145),

50 4 4.7

4,0 - 3.7

- Water content required per m? for
10 mm of slump

steel glass polypropylene

Figure 6. Water content required per m® for every 10 mm of slump
to be corrected using the Slump Test method.
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indicating that in fiberless mixtures, consistency and flowability
maintain a proportional behavior under both test methods.
In contrast to fiber-reinforced concretes, the incorporation
of fibers alters this relationship, introducing non-linearity
and greater dispersion, particularly after dosage adjustments
using superplasticizers to restore slump levels. The quadratic
regression fitted to the complete dataset captures this behavior,
reflecting the complex rheological interactions introduced
by fibers and admixture effects on particle mobility during
flow propagation. The Z-score analysis further highlights
the increased variability in flowability observed in redosed
mixtures compared to initial fiber mixes.

Evaluating the behavior of FRC under the interaction
between workability and mechanical performance is essential
due to the multidimensional influence of fiber type, content,
and distribution'”. The distinct responses between the two
test methods may also reflect the microstructural effects
observed in multi-scale fiber-reinforced systems, as discussed
in others projects®.

Recent studies have also proposed global performance
indicators to predict the combined effects of fibers on both
strength and workability, further emphasizing the complexity
of FRC systems?®'.

The consistency according to the Flow Table remained
relatively the same with the addition of fibers, but according
to the Slump Test analysis, workability was impaired. In
fact, the addition of fibers, in any content or type, visually
reduces the plasticity of the concrete. These compromises
(makes difficult) phases such as transport by pressure and
pumping in practice. However, when analyzing the Flow
Table, it can be seen that the consistency of the paste was
not “lost” and the spreading can be reproduced.

In assessing the average results, the incorporation of fibers
reduced the slump by approximately 70 mm, requiring varying
water contents to resume the reference slump according to
the type and quantity of fibers.

The results demonstrate a good correlation between
the test methods, indicating that the Flow Table method is
suitable for use in FRC. The workability measured by the
Slump Test can only be interpreted under the shear stress
of the concrete fraction’s own weight®2. Since the macro
fibers structure the matrix, they mean that to obtain the same
consistency measurement, the concrete matrix (mortar/paste)
must be considerably altered.

The above argument is tacitly known to the technical
community. However, with only the slump test method, it
was not possible to confirm that even with the addition of
macro fibers, the workability from the point of view of the
application of energy (vibration) does not suffer a reduction
in the degree of densification.

The slump test is deficient in evaluating the behavior
of concrete in its fresh state; this is even worse in special
concretes®. The test is characterized as single-point because
it provides only a single value under only one condition:
shear rate.

The compressive strength results at 28 days for fiber-
reinforced concretes adjusted to an initial slump of 140 mm
are presented in Figure 8. The mixtures exhibited different
water/cement ratios after water readjustment to achieve
the target slump, reflecting the distinct influence of each
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Figure 8. Compressive strength results at 28 days for the samples.

fiber type on water demand. The reference mixture without
fibers followed a clear exponential decay of compressive
strength with increasing water/cement ratio, consistent with
Abrams’ law, as captured by the exponential regression
(R?=1). Experimental studies have also demonstrated that
fiber type strongly influences the mechanical and fresh-state
properties of concrete when incorporated individually or in
combination with other admixtures®.

For the fiber-reinforced mixtures, higher water/cement
ratios were required to maintain the initial slump as fiber
content increased, particularly for polypropylene fibers,
which exhibited the highest water demand and lowest
compressive strengths among the groups. Steel and glass
fibers demonstrated intermediate behaviors, with moderate
increases in water content and compressive strength reductions.
These results emphasize that, although slump can be restored
through water readjustment, the accompanying increase in
water/cement ratio significantly compromises compressive
strength, particularly for fiber types with higher surface area
and lower stiffness, which intensify the internal friction and
mixing energy required.

6. Conclusion

The proposed experimental program can be obtained as
idealized. It is possible to develop the analyses as expected
and previously explained. It can also be concluded that
the test methods for determining consistency, Slump Test
and Flow Table, have good correlation as indicated in the
literature!326-2731,

The structural fibers affected the workability of the
concrete when its consistency is measured by the Slump
Test, due to the mechanical locking produced by the fibers,
reducing the slump (flow) of the concrete cone.

When measuring workability under the application of
energy (densification) that the Flow Table method confers,
the tests carried out show that the CRF matrix has similar
workability as concrete without the addition of fibers.

This study advances the current knowledge on fiber-
reinforced concrete (FRC) by systematically evaluating and
comparing the performance of the Flow Table and Slump Test
methods for assessing workability. The findings demonstrate
that the Flow Table test better simulates vibratory compaction,
which is representative of field conditions, while being less
sensitive to fiber-induced settlement restrictions. The results
provide practical guidance for mix design adjustments
and propose the incorporation of the Flow Table method
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into national standards such as ABNT NBR 16944:20213.
Furthermore, the experimental data quantify the influence
of fiber type and dosage on water demand, supporting more
accurate mixture design strategies. The statistical analyses
performed add robust numerical validation to these conclusions,
offering a reliable reference for both research and practice
in the design and control of FRC mixtures.

Finally, the results of this study indicate that the common
practice of using only the slump test for quality control in
construction is not fully effective when applied to fiber-
reinforced concrete, as it tends to require higher water content
to achieve the same consistency as fiber-free mixtures,
regardless of fiber type or dosage. The use of superplasticizing
is therefore recommended to maintain proper workability
in FRC when the slump test remains the control method.
However, it is important to recognize the limitations of both
the slump and flow table methods, particularly for mixtures
with very low consistency (dry mixes) or self-compacting
concrete classes, where alternative rheological assessments
may be more appropriate.
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