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h i g h l i g h t s

" Dry mortar ratio concept was used to design the SFRSCC mixtures.
" Dry mortar ratio is dependent of steel fibre factor content.
" Homogeneous steel fibre dispersion for all tested fibre factor was obtained.
" The increase in steel fibre volume improves the flexural tensile strength.
" Steel fibre volume increasing brings no relevant influence on the SFRSCC sorptivity.
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a b s t r a c t

This paper provides a study whose aim is to validate the dry mortar ratio Dm concept in order to simplify
the mix design of steel fibre reinforced self compacting concrete (SFRSCC). For this purpose, steel fibres
with diameters and thickness, 30/0.50 and 60/0.80, were added to concrete in volumes of 0.5%, 1.0% and
1.5%. The fresh SFRSCC properties such as consistence, viscosity and passing ability and the hardened
properties such as compressive strength, modulus of elasticity, equivalent flexural tensile strengths
and sorptivity are measured. The steel fibres dispersion is also evaluated by counting method. The results
demonstrate that the dry mortar ratio is dependent of fibre factor content. The increasing of steel fibres
volume modifies the slump-flow, but this influence is not significant on the SFRSCC viscosity and passing
ability, if an adequate dry mortar ratio is provided. The dry mortar ratio allowed sufficient homogeneous
fibre dispersion for all tested fibre factor. In general, the steel fibre volume variation brings no relevant
influence on the SFRSCC sorptivity coefficient. However, this coefficient is influenced by W/B ratio
increasing and by fine content reduction in the mixtures. Finally, the results of SFRSCC fresh and hard-
ened properties confirm the effectiveness of dry mortar ratio as a parameter to control the design of self
compacting mixtures.

! 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Steel fibre reinforced concrete has been successfully used in
several types of construction due to the fact that steel fibres adding
improves the durability and mechanical properties of hardened
concrete, namely the flexural strength, toughness, impact strength,
resistance to fatigue, vulnerability to cracking and spalling [1].
However, it is also known that the addition of steel fibres reduces
the workability of normal fresh concrete.

The applicability of steel fibres in self-compacting concrete
(SCC) has been investigated and has proven to be feasible [2–5].
The inclusion of fibres into the SCC mix design was studied under

different concepts. Some examples can be mentioned: the concept
of perturbation volume on the compressible packing model due to
the fibres addition [6]; the concept of equivalent specific surface
diameter applied to the fibres and used to optimize the solid skel-
eton [2] and the concept of maximum fibre factor that is related to
risk of fibre reinforced concrete blocking through an equivalent bar
spacing [7].

Other studies concerning the steel fibre reinforced self compact-
ing concrete (SFRSCC) behaviour attested that the self compactabil-
ity is remarkably sensitive to the fibre type and fibre contents [8]. In
turn, the fibre content and fibre type are mainly defined by the high
flowability and segregation resistance of fresh mixtures [9]. The
improvement of SCC workability is possible by the use of supple-
mentary cementitious or inert materials, such as fly ash, which
can increase the viscosity and reduce the cost of SCC [10]. The type
and content of fibres are identified by the product of fibres volume
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(Vf) and fibre aspect ratio (L/D), so called fibre factor (Vf ! L/D).
Higher the fibre factor, harder it will be to attain self-compactable
characteristics. Thus, the fibre factor limit would be dependent on
the composition and proportion of the SCC matrix.

To formulate the SFRSCC it is necessary to take into account
that a high volume of fibres is difficult to distribute uniformly
and this dispersion will influence significantly the mechanical
properties [11,12]. In fact, there is a high degree of proportional-
ity between toughness and number of effective fibres that are
present in the cracked section [13]. The fibre distribution and
the orientation can be influenced even by the casting procedure
[14]. For the normal SFRC of high workability it has been ob-
served that the vibration induce significant fibres segregation
during the compaction procedure [15]. It is thought that in ab-
sence of vibration the dispersion of fibres could be more uniform,
so SCC mixtures could be preferable to incorporate fibres. In fact,
when the concrete flows through a mould the fibres align with
the flow that is influenced by the frictional restraint of the
moulds walls [16].

However, another problem brought by the fibres incorporation,
concerning the concrete durability, is due to the discontinuous
bleeding voids underneath the fibre; the fibre–matrix bond is
undermined by some voids present in the vicinity of steel fibres
[17]. The presence of voids at SFRSCC surface could accelerate
the steel fibres corrosion as a consequence of increased access of
aggressive substance. The volume and size of fibres may contribute
to increase the voids if the matrix is not sufficiently arranged to re-
duce this effect, thus the durability of SFRSCC can be influenced by
the fibres variables: aspect ratio and fibre volume.

The concrete durability is appraised through several properties,
among them the capillary sorptivity, whose importance is allied to
the fact that this could be one of the first phenomenon of transport
of aggressive agents that takes place in concrete. Sorptivity, which
is a factor of moisture transport into unsaturated specimens, has
been recognized as an important index of concrete durability. Be-
cause, the test method used for sorptivity determination reflects
the way that most concretes will be penetrated by water and other
harmful agents and it is an especially good measure of the quality of
near surface concrete, which governs durability related to rein-
forcement corrosion [18]. The sorptivity of self-compacting con-
cretes is equal or better than that of a normal concrete compacted
by vibration, and it has been observed that the addition of fly ash
in the SCC result in a sorptivity reduction [19].

Although, the SFRSCC has been satisfactorily developed, some
improvement could be added. One of them is related to the mix
design method that could be simplified taking into account the
pragmatic point of view of a concrete technology practitioner.
For this purpose, this paper studies the possibility to apply a sim-
pler concept to assist the mix design of SFRSCC. Thus, the dry
mortar ratio on the concrete is the parameter proposed to control
the proportion and composition of concrete matrix. The goal pur-
sued, in the mix design developed in this study, is to find a dry
mortar ratio that is able to perform a concrete matrix capable
to involve steel fibres resulting in mixture with self compactable
properties. In addition, the efficiency of the proposed parameter is
verified by tests applied on the fresh and hardened state concrete.
Regarding the properties in the fresh state, it is required in this
study that mixtures reach the values prescribed in EN 206-9/
2010 to be classified as self compactable. The fresh SFRSCC prop-
erties such as consistence, viscosity and passing ability and the
hardened properties such as compressive strength, modulus of
elasticity and equivalent flexural tensile strengths are measured.
The steel fibres dispersion is also evaluated by counting method.
Finally, the fresh state properties are related to the hardened
state properties by quantifying the effect of size and fibre volume
on the SFRSCC sorptivity.

2. Materials and methods

2.1. Materials

The cement used was Portland cement CEM II/B-L 32.5 R with a specific gravity
of 3.02. Initial and final setting times of the cement were 133 min and 168 min,
respectively. Its Blaine specific surface area was 445 m2/kg.

Fly ash from Pego power station located in centre region of Portugal was used.
The fly ash meets the general requirements of EN 450. The Blaine fineness of the fly
ash is 306 m2/kg and the specific gravity is 2.38.

In this study, two natural river sands (S) 0–1 mm and 0–5 mm and two granitic
crushed stones (CSs) were used as aggregates. The properties of aggregates used in
this study are given in Table 1 and Fig. 1.

Steel fibres used in this study, in volume percentages of 0.5%, 1.0% and 1.5%,
were DRAMIX ZP 30/0.50 and ZC 60/0.80 type low carbon and their both ends were
hooked. These steel fibres types have a length of 30 mm and 60 mm, aspect ratio of
60 and 75, respectively. The density is 7850 kg/m3 and yield stress is approximately
1100 MPa.

A commercial carboxylic type superplasticizer was used to attain the auto com-
pactability of fresh concrete. The saturation dosage of superplasticizer, in binder
weight basis, was defined as 3.0% according to preliminary test described in Ref.
[20].

The fine and coarse aggregates grading used in SFRSCC was prepared taking into
account the maximum density obtained with fine and coarse aggregates fractions.
Then, the fine aggregate grading was composed with 50% of each sand type. Simi-
larly, it was determined that the coarse aggregate was composed of 70% of 9.5 max-
imum size crushed granite stone and 30% of 19 mm maximum size crushed granite.

2.2. Mixture composition and preparation

The mix design was made in accordance with the ideal dry mortar content for
the selected materials; this method is described in [21]. Dry mortar ratio (Dm) is de-
fined as the percentage between mortar components and the concrete proportions
and is expressed by the following expression:

Dm"%# $
1% fa % s
1% fa %m

! 100 "1#

where fa, s and m are fly ash, sand and total aggregates weight proportions used to
compose the SFRSCC mixtures. The total aggregates m is the amount of sand (s) plus
coarse aggregate (cs) i.e., m = s + cs.

The initial requirement for the mix design study was that all mixtures are con-
sidered self compactable. That is, the mixtures should reach slump flow values pre-
scribed in EN 206-9/2010. For this purpose, the fresh properties changes were

Table 1
Aggregates properties.

Aggregate Maximum size
dimension
(mm)

Fineness
module

Specific
gravity

Sand 01 1.19 1.64 2.60
Sand 05 4.76 2.97 2.45
Crushed stone 3–6 9.52 5.24 2.70
Crushed stone 6–15 19.10 6.48 2.70
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Fig. 1. Fine and coarse aggregates grading.
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observed when the volume and size of the steel fibres was varied. If the mixture did
not meet the initial requirement then a correction manipulating the dry mortar ra-
tio, water and superplasticizer content was made.

The goal was to find an optimal dry mortar ratio to obtain a self compacting
concrete mixture, using the materials mentioned in Section 2.1. Thus, the starting
point was a relative low dry mortar ratio, which was increasing up to be able to in-
volve the coarse aggregates and steel fibres as well. The fly ash and superplasticizer
were used to control the viscosity and to give segregation resistance to the mix-
tures. Thus, each mixture tested here has self compacting characteristics.

Table 2 presents the proportions, by weight, of the mixture A which meets the
requirements for a masonry concrete infill strength class C20/25 [22]. The mixture
A was used as control to observe the effects of steel fibre incorporation on the mix-
tures adjustments to obtain a steel reinforced self compacting concrete. Table 2
highlights three groups of mixtures where some variables were studied. The first
group which includes mixtures A to D was used to investigate the effect of short fi-
bres volume on the adjustment needs of concrete composition to achieve self com-
pactability. The long fibres volume effect was studied in the second group of
mixtures E to G. Comparing these two groups, it is possible to analyse the fibres fac-
tor (l/d ! Vf) effect. And the third group of mixtures H to L was used to study the
effect of change in total aggregates m.

2.3. Methods

The SFRSCC fresh properties such as consistence, viscosity and passing ability
were determined in according with the European standards EN 12350-8/2010
(Slump-flow test), EN 12350-9/2010 (V-funnel test) and EN 12350-10/2010 (L
box test). As the SFRSCC was designed to fill the hollow concrete blocks on rein-
forced masonry walls, the L box spaces between reinforcing bars was adapted for
one bar test.

The compressive strength of the hardened SFRSCC was obtained from six
150 mm cubic specimens, according to NP EN 12390-3/2003.

The modulus of elasticity was determined according to Portuguese standard
LNEC E397/1993 for mixtures with ZC 60/0.80 fibres type.

The flexural strength of SFRSCC was obtained by 3-point load tests on beams
with a cross section of 100 ! 100 mm, simply supported with a span of 450 mm,
according to the recommendations of RILEM TC 162-TDF [23]. In this test the equiv-
alent flexural tensile strength, which is an important parameter characterizing the
post-cracking behaviour of steel fibre reinforced concrete, is determined in terms of
area under the load–deflection curve obtained. Assuming a linear stress distribution
on the failure section of the test beam, the equivalent flexural tensile strength feq,2

and feq,3 can be determined by means of the following expressions:

feq;2 $
3
2

Df
BZ;2

0:50

 !
L

bh2 "2#

feq;3 $
3
2

Df
BZ;3

2:50

 !
L

bh2 "3#

where Df
BZ;2 and Df

BZ;3 are the areas under the load–deflection curve up to a deflection
d2 and d3, (Fig. 2), L = span of the specimen (mm), b = width of the specimen (mm)
and h = height of the specimen (mm).

After demoulding, all specimens were stored in a curing room at 21 ± 2 "C and
95 ± 5% relative humidity until testing age.

In order to evaluate the homogeneity of the fibres distribution, after rupture of
the beam specimen the section of fracture was divided into columns (C) and lines
(L), as shown in Fig. 3. In each cell of 2.5 ! 2.5 cm, the number of fibres was counted
and registered.

The sorptivity tests were carried out, for mixtures E to L, on three parallelepiped
samples, with 7.5 ! 7.5 ! 15 cm, after drying in oven at a temperature of 50 ± 10 "C
until the weight loss was negligible. The preparation of samples also included the
protection of the samples lateral faces with a waterproofing band, reducing the ef-
fect of water evaporation. The test started with the registration of samples weight
and afterwards they were placed in a recipient in contact with a level of water capa-
ble to submerge them about 5 mm (Fig 4). After a predefined period of time, the
samples were removed from the recipient to proceed to weight registration. Before
weighting, the samples superficial water was removed with a wet cloth. Immedi-
ately after weighting, the samples were replaced in the recipient till reach the next
measuring time. The procedure was repeated, consecutively, at various times such
as 15 min, 30 min, 1 h, 1 h 30 min, 4 h, 6 h, 24 h, 48 h and 72 h until the last reading.

The sorptivity coefficient (k) was obtained by using the following expression:

W
A
$ k

!!
t
p

"1#

where W is the amount of water adsorbed in (kg); A is the cross-section of specimen
that was in contact with water (m2); t = time (min); k is the sorptivity coefficient of
the specimen (kg/m2/min0.5).

Table 2
Characteristics of SFRSCC mixtures solutions.

Mixture Proportionsa by weight (C:FA:S:CA) m W/B Fibres characteristicsb Sp/B (%) Dm (%)

lf (mm) df (mm) Vf (%) (lf/df) ! Vf (%)

A 1:0.15:1.78:1.72 3.50 0.40 30.0 0.5 0.0 0 2.00 63
B 1:0.15:2.00:1.50 3.50 0.40 30.0 0.5 0.5 30.0 2.50 68
C 1:0.30:2.06:1.44 3.50 0.40 30.0 0.5 1.0 60.0 2.50 70
D 1:0.50:2.15:1.35 3.50 0.40 30.0 0.5 1.5 90.0 2.50 73
E 1:0.15:2.00:1.50 3.50 0.40 60.0 0.8 0.5 37.5 2.00 68
F 1:0.30:2.06:1.44 3.50 0.38 60.0 0.8 1.0 75.0 2.00 70
G 1:0.50:2.25:1.25 3.50 0.35 60.0 0.8 1.5 112.5 2.00 75
H 1:0.15:2.10:1.40 3.50 0.39 60.0 0.8 1.0 75.0 2.50 70
I 1:0.15:2.25:1.26 3.50 0.38 60.0 0.8 1.0 75.0 3.00 73
J 1:0.30:2.76:1.74 4.50 0.69 60.0 0.8 1.0 75.0 2.00 70
L 1:0.30:3.46:2.03 5.50 0.69 60.0 0.8 1.0 75.0 2.84 70

a C: Portland cement; FA: fly ash; S: fine aggregates; CA: coarse aggregates; m: total aggregates; W/B: water/binder ratio; Sp: superplasticizer mass percentage; and Dm:
dry mortar percentage in concrete.

b lf: fibre length; df: fibre diameter; Vf: fibre volume; (lf/df) ! Vf: and fibre factor.

Fig. 2. Load–deflection diagrams with areas defined to calculate feq,2 and feq,3 [24].

644 L.A. Pereira de Oliveira et al. / Construction and Building Materials 40 (2013) 642–649



3. Results and discussion

Table 3 presents the SFRSCC fresh properties results concerning
the consistence class prescribed in NP EN 206-9/2010. In the first
group of mixtures (A to D) the steel fibres addition modified the
slump flow class from SF3 to SF2. For the maximum steel fibres
volume (1.5%) the slump flow value was near the mixture A value,
the non reinforced mixture. This slump flow recovery was possible
by increasing the dry mortar ratio and the fly ash content.
Although, a mass effect on the slump-flow spreading caused by
the rise of steel fibres volume in SCC was observed, an adequate
dry mortar ratio together with fly ash content was possible to
avoid the SFRSCC bleeding and segregation. From mixture A
(SCC) to B (SFRSCC) an increasing of the Sp/B to maintain the mix-
tures as self compactable was required. Inside this group, it was
also observed that keeping Sp/B constant for SFRSCC mixtures (B
to D) an increasing of fibres volume requires a more fine mortar
to prevent SFRSCC segregation. This was the reason to increase
the fly ash content as the fibre volume was increased.

In the second group (E to G), an analogous behaviour was ob-
served. In this group, it was found that long steel fibres (60 mm
length) did not confer any detrimental effect on passing ability. It
should be remembered that, in this group, superplasticizer/binder
ratio (Sp/B) and the total aggregate proportion (m) were kept con-
stant, while the water/binder ratio (W/B) was variable. Even so, the
required mortar ratios were similar. Inside of these two groups, the
beneficial effect promoted by the increasing of fly ash proportions
on the SFRSCC workability properties was evident.

The effect of total aggregate change was clearly demonstrated in
the third group of mixtures where Dm (%) was kept constant; in this
case the slump-flow was reduced as a function of the total aggre-
gate increasing. Despite the change on the slump flow values, any
significant influence of total aggregates on viscosity class, deter-
mined by the V Funnel test, was observed. Even so, regarding the
V funnel values of mixtures J and L, it seems that there is no clear
correlation with slump-flow values, i.e. these mixtures has reduced
flow time. This fact appears to be connected with the W/B ratio to-
gether with the mixtures self weight increasing. Concerning the
passing ability, the mixtures J and L, although classified as self com-
pacting, would not be considered suitable to be applied in struc-
tures where the reinforcement gap is lesser or equal to 100 mm.

Considering the combined effect of volume and fibres dimen-
sions, Fig. 5 shows that the need of dry mortar percentage, to in-
volve the steel fibres and give the self-compactability status to
the SFRSCC, increase linearly with the fibre factor.

The previous observation can be better understood by the
slump flow results illustrated in Fig. 6. That is, if the mortar ratio
is adequate to prevent segregation in the SFRSCC mixtures, the in-
creased volume of fibres also involves an increase in self weight of
the mixture, which contributes to enlarge the slump-flow. The in-
crease of fibre factor leads to higher classes of slump-flow, being
here more pronounced the contribution of fibre volume.

1C 2C 3C 4C 

1L 

2L 

3L 

4L 

Casting side 

Fig. 3. Cross-section of a beam divided into four columns and lines.

Fig. 4. SFRSCC sorptivity test.

Table 3
Results of SFRSCC fresh properties.

Mixture Slump flow (mm) Class V funnel (s) Class L box H2/H1

A 765 SF3 3.1 VF1 0.80
B 735 SF2 3.2 VF1 1.00
C 730 SF2 4.0 VF1 1.00
D 760 SF3 3.4 VF1 0.90
E 740 SF2 3.1 VF1 1.00
F 720 SF2 3.9 VF1 1.00
G 790 SF3 3.4 VF1 1.00
H 640 SF1 5.0 VF1 0.82
I 605 SF1 5.5 VF1 0.80
J 620 SF1 3.7 VF1 0.74
L 580 SF1 2.8 VF1 0.70

DM (%) = 0.099 l/d.Vf + 63.9
R! = 0.92

60
62
64
66
68
70
72
74
76
78
80

0 20 40 60 80 100 120

Fibre factor l/d.Vf (%)

Dr
y 

m
or

ta
r c

on
te

nt
 (%

)

Fig. 5. Dry mortar percentage to attain self compactability.
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Fig. 7 shows the average compressive strength determined in
six cubic samples at age of 28 days. The standard deviation whis-
kers are plotted on the figure for each mixture. Taking into account
the standards deviation values, these results confirm that the steel
fibre volume does not influence significantly the SFRSCC compres-
sive strength. This fact is observed on the mixtures group A to D
when the W/B and the total aggregate m were maintained con-
stant. In fact, as it was expected the relevant influent parameter
is the W/B ratio. Observing the E to G mixtures results it is possible
to state that, even with steel fibres factor increasing, the compres-
sive strength is raised as a function of the W/B ratio reducing. Fi-
nally, the compressive strength results of mixtures group H to L
show that in the SFRSCC mix design, the total aggregate m and
W/B ratio are the main parameters governing the compressive
strength, independently of the steel fibre volume and fibre factor.

For normal steel reinforced concrete it is known that increasing
the volumes and size of fibres did not offer a substantial improve-
ment in compressive strength due to the fact that a fibre addition
may lead to increased porosity [24]. Indeed, taking into account the
compressive strength results obtained for the first and second
group, the steel fibre addition on SCC seems does not significantly
modify the compressive strength, even when relatively high steel
fibre volume (1.5%) of long fibres type are added in mixture G.
However, when mixtures H and I are compared with the mixtures
of first group a significant compressive strength reduction was ob-
served. This reduction could show the fibre size effect, which
seems to be more influent on the SFRSCC compressive strength
than fibre volume.

Table 4 presents the results of average equivalent flexural
strengths (feq,2,feq,3) and standard deviations (Sd) values deter-
mined on three samples for each mixture, according the recom-
mendations RILEM TC 162-TDF-2002 [23]

Regarding the mixtures group with steel fibres aspect ratio
l/d = 50 (B to D) it is observed that apparently the flexural tensile
strength increases with the steel fibres volume. However, in these
three mixtures the water/binder ratio W/B and the total of aggre-
gates were kept constant. Thus, the dry mortar ratio that acting
on the matrix packing could better involves the fibres, improving
the equivalent flexural tensile strength feq,2. In the same mixtures
group the equivalent flexural tensile strength feq,2 increase around
100% from 0.5% to 1.0% of steel fibres volume and around 25% from
1.0% to 1.5%.

Since the flexural tensile strength is dependent of the concrete
matrix, it is logical to obtain a slightly higher values when the W/B
ratio is reduced, as it is observed for long fibres aspect ratio
l/d = 75. Comparing the results obtained with these two mixtures
groups it is possible to affirm that the fibre factor could be
responsible by equivalent flexural tensile strength increasing
trend.

Reporting the results of equivalent flexural tensile strength feq,3,
Table 4 reveals that equivalent flexural tensile strength parameters
(feq,2 and feq,3) have in general similar values, showing that, up to a
deflection of d3 the energy absorption capacity of the designed
SFRSCC is linearly dependent with the deflection. Nevertheless,
the mixture G with Vf = 1.5% attained a feq,2 significatively higher
than feq,3. This difference can be attributed to the deflection hard-
ening behaviour observed in the load–deflection curve shown in
the Fig. 8. This figure shows the typical load–deflection curves
obtained for the mixtures with steel fibres aspect ratio l/d = 50,
illustrating the SFRSCC behaviour as function of steel fibre volume
increase.
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Table 4
SFRSCC equivalent flexural tensile strengths.

Mixture Fibre volume Vf (%) feq,2

(N/mm2)
Sd
(N/mm2)

feq,3

(N/mm2)
Sd
(N/mm2)

B 0.5 3.0 0.1 2.5 0.4
C 1.0 6.3 0.6 5.8 0.3
D 1.5 7.8 0.5 7.0 0.8
E 0.5 3.1 0.2 2.0 0.4
F 1.0 6.5 0.5 5.5 0.7
G 1.5 9.7 0.1 8.5 0.0
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To evaluate the degree of the fibre segregation, the fracture sur-
face of the specimen was discretized in four rows and four columns
of cells, as it is represented in Fig. 3. The average number of fibres
counted (visible on the fracture surface) is represented in Fig. 9,
where an increase of the fibre volume percentage in the casting
direction was observed.

From the results analysis it was observed a homogeneous ten-
dency in the fibres distribution. This homogeneity is defined by
the average percentage of fibres found inside the cells which was
between 20% and 25%, indicating a high stability of the SFRSCC
even for 1.5% of fibres volume. This fibres distribution homogene-
ity can be taken as an advantage behaviour which is particular in
this type of concrete unlike the normal steel fibre reinforced con-
crete where is necessary to match the vibration energy as function
of concrete consistence in order to avoid fibres segregation.

The results of modulus of elasticity are shown in the Fig. 10 as
function of SFRSCC compressive strength. As was expected the
modulus of elasticity increased with the compressive strength. In
this study, the mixtures E, F and G, as is shown in Table 2, were
produced with a constant total aggregate content m, different W/
B ratio and volume of fibres. Thus, taking into account the average
results of these three mixtures, which is shown as the three highest
results points in the Fig. 10; it is acceptable to affirm that the
SFRSCC modulus of elasticity increases slightly with W/B reduction
and also with a better concrete matrix here improved by the fly ash
and dry mortar ratio increasing. The significant amount of fly ash
was necessary in order to help SFRSCC to achieve an adequate vis-
cosity without changing Sp/B.

Fig. 11 shows typical plots of cumulative water absorption
against the square root of time. These plots give the water absorp-
tion for the SFRSCC mixtures cured at 28 days. Each set of plot

shown refers to three tested specimens from each mixture. The
tests conducted on the three specimens give practically identical
slopes, particularly during the early part of the test. This demon-
strates the results repeatability as obtained from different samples
of the same concrete. For the majority of tested specimens, the
relationship between cumulative water absorption and the square
root of time begins to deviate from the first stage linearity after
around 30 min. After this first stage, a more clearly separation
among some mixtures was observed.

Regarding the mixture group constituted by E, F and G, it is pos-
sible to conclude that no significant difference was brought by
steel fibres addition. In fact, the sorptivity coefficient standard
deviation whiskers shown on the Fig. 12 confirm this finding. De-
spite the fact that for mixture I it was necessary to increase the
Sp/B ratio to maintain the self compactability, it was not observed
a significant difference between mixtures H and I composed with
the same total aggregate proportion, a very slightly different W/B
and dry mortar ratio. The mixtures J and L with the same steel fibre
volume and dry mortar ratio, but different total aggregate propor-
tion confirms also, when compared with mixture F, that SFRSCC
sorptivity is influenced by W/B increasing and by fine content
reduction in the mixtures. Taking into account the standard devia-
tion value of mixture I, their higher Sp/B ratio do not significantly
change the sorptivity. In general, the sorptivity coefficient results
of mixtures E, F and G, in the Fig. 12, shows that the steel fibre vol-
ume brings no relevant influence on the SFRSCC sorptivity. The val-
ues of sorptivity coefficient obtained with the mixtures E, F, and G
are similar to the values obtained with normal concrete [25].

When the sorptivity coefficient is analysed as function of SFRSCC
compressive strength, see Fig. 13, it can be said that the sorptivity
coefficient varies inversely to the compressive strength. This behav-
iour is logical since these properties are directly dependent on the

Fig. 8. Load–deflection curves of SFRSCC.
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pores structure of concrete. Finally, this observation corroborates
that the steel fibres incorporation does not have any relevant influ-
ence on the compressive strength as well on the sorptivity of
SFRSCC.

4. Conclusions

Regarding the SFRSCC fresh properties, it is possible to recovery
the slump-flow reduced by the increasing of steel fibres volume
optimizing, in SFRSCC mixtures, both dry mortar ratio and fly ash
content.

The fibre factor increasing is not detrimental to the SFRSCC
slump-flow when an adequate dry mortar ratio is found. Unlike,
when dry mortar ratio is kept constant and the total aggregate is
increased, the slump-flow is reduced.

In general, the SFRSCC tested can be taken as good filling ability
mixtures, because any significant influence on viscosity class was
observed.

Concerning the mixture passing ability, the mixtures with same
steel fibre volume could be strongly affected by the total aggregate
proportion increasing.

The increase of fibre factor leads, by mass effect, to higher clas-
ses of slump-flow, being here more pronounced the contribution of
fibre volume. Finally, the dry mortar ratio required to attain the
self-compactability status to the SFRSCC, increase linearly with
the fibre factor.

Concerning the hardened properties of SFRSCC mixtures ob-
tained with the aid of dry mortar ratio parameter, the steel fibre
volume does not influence significantly the SFRSCC compressive
strength. As expected, independently of the steel fibre volume
and fibre factor, the total aggregate m and W/B ratio were the main
parameters governing the compressive strength.

The equivalent flexural tensile strength feq,2 was improved by
the dry mortar ratio that acting on the matrix packing could better

involves the fibres. The equivalent flexural tensile strength feq,2 in-
crease around 100% from 0.5% to 1.0% of steel fibres volume and
around 25% from 1.0% to 1.5%.

The SFRSCC mixtures had shown a homogeneous tendency in
the fibres distribution.

As expected, the modulus of elasticity increased with the com-
pressive strength. It is also acceptable to affirm that the SFRSCC
modulus of elasticity increases slightly with W/B reduction and
also with a better concrete matrix here improved by the fly ash
and dry mortar ratio increasing. The significant amount of fly ash
was necessary in order to help SFRSCC to achieve an adequate vis-
cosity without changing Sp/B.

When the steel fibre volume and dry mortar ratio are constant,
the SFRSCC sorptivity coefficient is influenced by W/B ratio
increasing and by fine content reduction in the mixtures.

In general, the steel fibre volume variation brings no relevant
influence on the SFRSCC sorptivity coefficient.

The results of SFRSCC fresh and hardened properties indicate
the efficiency of dry mortar ratio as a tool to optimize, for each
mixture, the matrix packing capable to involve the steel fibres
added to SCC. Indeed, an additional adjustment by way of mortar
fineness together with water and superplasticizer content could
be necessary to active the self compactability.
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Fig. 13. Sorptivity coefficient versus compressive strength of SFRSCC.
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