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INTRODUCTION

Concrete, as the most commonly used build-
ing material, is described in detail in many re-
search publications, see [1, 2]. Over the years, 
the composition of concrete formula and its prop-
erties have undergone many modifications and 
modernizations [3]. Compressive strength is the 
basic parameter determining the type of concrete.  
According to [4], we can distinguish classes of 
compressive strength for ordinary and heavy 
concrete and classes of compressive strength for 

lightweight concrete as well. The selection of the 
concrete compressive strength class depends on 
the type of the designed structure, its intended use 
and the assumed service life in the given exploi-
tation conditions. The most commonly designed 
classes of concrete range from C16/20 to C35/45. 
The compressive strength of concrete depends on 
many factors. The water-cement ratio is the cru-
cial one: the lower water-cement ratio (w/c), the 
higher compressive strength of concrete [1, 2]. It 
is worth mentioning that as the w/c is lowered, 
the concrete mix becomes less workable, so it is 
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required to use appropriate chemical admixtures 
[3, 5]. The compressive strength of concrete is also 
correlated with the type of cement. Depending 
on the strength class of the cement, the type and 
amount of the additive, it is possible to obtain con-
crete with the assumed strength and specific dura-
bility parameters, which leads into the quality and 
service life of the reinforced concrete structures. It 
is worth mentioning the type of aggregate, which 
is also important. Depending on the intended use, 
the type of aggregate plays an important role, e.g. 
in the case of surface concrete or road and bridge 
concrete, allowing to achieve the assumed class 
of concrete and appropriate frost resistance. Men-
tioning the durability parameters, the air content 
cannot be omitted. The upper limits of air content 
(6.5-8.0%) can, on the one hand, lead to improved 
frost resistance, water penetration under pressure 
and water absorption, on the other hand – results in 
the reduction of compressive strength of concrete. 
Detailed guidelines regarding specific parameters 
and composition of the concrete mix, depending 
on the impact of external conditions, are included 
in exposure classes [4].

Considering strength parameters of concrete 
in any context, it is obligatory to introduce time as 
an input parameter. In fact, the final result of the 
research or analysis and the resulting conclusions 
or recommendations depend on time [1, 6]. When 
considering the issue of time for concrete, from 
the moment of its creation, we can talk about dif-
ferent times: time of mixing substrates, time of 
workability, time of setting, time of hardening, 
time of demolding elements, time of drying, time 
of determining the compressive strength or time 
of achieving the required durability parameters. 
Each type of concrete, depending on the selection 
of ingredients, is characterized by variability of 
parameters over time. The leading role is played 
by the amount and type of cement used for the 
production of the concrete mix. The use of ce-
ment from the CEM I group with a strength class 
of 42.5 or 52.5 [7] and a rapid increase in strength 
(R) allows us for much faster achievement of 
compressive strength and durability parameters, 
which directly leads into the speed of implemen-
tation of a given investment [1, 2]. Using cements 
from the CEM II, CEM III or CEM IV group, we 
achieve significantly different results depending 
on the amount and type of cement additive. One 
of the main additives in the production of both ce-
ment and concrete is silica fly ash. It exhibits poz-
zolanic properties, thanks to which it undergoes 

a process similar to cement hydration when in 
contact with water and calcium hydroxide [1, 2, 
3]. Granulated blast furnace slag is also a popular 
addition. Both silica fly ash and blast furnace slag 
have different properties, but they have a clear 
impact on the strength and durability of concrete 
over time, which significantly affects the test re-
sults. This dependence was noticed and normal-
ized as a time equivalent to allow us to carry out 
tests depending on the type of cement used [8].

The compressive strength of concrete and 
the assumed curing time of the concrete mix can 
be crucial in the context of designing reinforced 
concrete structures using steel fibre reinforced 
concrete. Fibres have been used as an additive 
to concrete for decades [9]. They fulfill various 
functions such as reducing shrinkage, limiting 
the formation of micro cracks, increasing impact 
resistance or increasing bending strength. The 
addition of different types of fibres to concrete 
has been the basis for many studies and research 
[10–33]. We distinguish fibres for concrete made 
of many materials. The most commonly used are 
steel fibres, made of steel of various strength, 
with variable cross-section and shape. There 
are also fibres made of various types of plastics 
(polypropylene, polymer, copolymer), basalt, 
glass and carbon [9, 14]. One of the main struc-
tural members where fibre reinforced concrete 
is used are industrial floors [15]. The floor slab 
made of concrete with the addition of fibres (usu-
ally steel) has been proven for years as a layer 
transferring the loads from racks or forklifts. The 
situation becomes more complicated when fibres 
would be used as the main reinforcement of other 
structural members as slabs, beams or columns. 
It is necessary to meet many technological and 
execution conditions including homogeneity and 
randomness of fibre distribution in concrete [15–
19]. According to [20] designers are modelling 
the required reinforcement as the traditional steel 
bars. The reduction of traditional reinforcing steel 
bars in favour of fibres added to the concrete mix 
in the modelling of concrete bending elements is 
a bold attempt that deserves experimental testing. 
There is a significant lack of description of this 
issue in the literature, research and harmonized 
standard studies. It is true that there are studies on 
modeling of structural fibre reinforced concrete 
[21, 22] on a global scale, but this applies only to 
national studies of few countries. The use of ad-
ditional load capacity resulting from the provided 
fibre reinforcement is the issue which requires 
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a lot of detailed investigations [19, 23, 24]. The 
solutions available on the market, distributed by 
leading concrete producers, make it possible to use 
fiber concrete as a structural material in elements 
such as foundation slabs in detached houses. The 
article presents the results of experimental tests 
determining the measured impact of the dosage of 
different types of fibers on the residual strength, 
which significantly increases the level of knowl-
edge about fiber concrete and translates into spe-
cific application in construction practice.

The residual flexural tensile strength of fibre 
reinforced concrete is one of the major unknowns 
in design process which, together with the equiva-
lent flexural strength, is the starting point in the 
design of fibre concrete structures [18, 25–28]. In 
this paper the influence of the compressive strength 
of concrete and the curing time of its samples on 
its residual flexural tensile strength was analyzed. 
Two different kinds of fibres with different fibre 
dosages and  four classes of concrete were inves-
tigated. The research used the ARAMIS GOM 
non-contact measurement system. An innovative 
approach to tests using such a device allowed us 
for the development of the research method con-
tained in [31], which leads to a significant opti-
mization of the speed and labour consumption in 
conducting residual strength tests.

LABORATORY TESTS

Two types of hooked steel fibre were used in 
the tests, according to Table 1. In the first stage 
the relationship between the compressive strength 

of concrete and the residual tensile strength was 
investigated. The fibre dosage was set at 20, 30 
and 45 kg/m3 in each of three classes of concrete: 
C16/20, C30/37 and C70/85. Fiber dosing is con-
sistent with current construction practice, and the 
amount of 45 kg/m3 is currently almost the max-
imum we can achieve in continuous production 
of ready-mix concrete.  The strength classes were 
selected based on the most common ones in the 
design practice of reinforced structures, with the 
exception of class C70/85, which is a reference to 
extreme values. The detailed composition of the 
recipes is presented in Table 2.

For the production of the first three mixes, 
gravel aggregate and CEM II/B-V 42.5 R - HSR/
NA cement were used, whereas in the fourth one 
basalt aggregate and CEM I 42.5 N MSR/NA 
cement were used to achieve the assumed com-
pressive strength class. A detailed description and 
designation of individual mixtures are presented 
in Table 3. In the second stage, the influence of 
the curing time of the concrete samples on its 
residual strength was examined. It was assumed 
that the beams are tested after the 28, 180 and 
360 days from their concreting. This range results 
from the use of CEM II/B-V cement and fly ash 
as an addition to the concrete mix. Additionally, 
time reflects the conditions on the construction 
site, where horizontal concrete elements made of 
fiber concrete are often subjected to loads several 
months after their casting.

For the first 28 days, the samples were stored 
in conditions compliant with [29], and then in 
laboratory conditions. A concrete mix of class 
C25/30 and C30/37 was used for the tests. In 

Table 1. Parameters of the fibres used in the research
Symbol X Y

Length (l) [mm] 50 60

Diameter (d) [mm] 1 0,9

Slenderness (l/d) 50 67

Photo
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Table 2. Composition of concrete recipes
Strength class C16/20 C25/30 C30/37 C70/85

Aggregate 0/2 [kg/m3] 852 806 762 597

Aggregate 2/8 [kg/m3] 398 393 406 567

Aggregate 8/16 [kg/m3] 541 572 582 749

CEM I 42,5 N - MSR/NA [kg/m3] - - - 500

CEM II/B-V42,5 R - HSR/NA [kg/m3] 200 260 300 -

Silica fly ash [kg/m3] 90 60 40 -

Admixture 1 [kg/m3] 0,84 1,3 1,3 -

Admixture 2 [kg/m3] 0,95 1,3 1,65 -

Admixture 3 [kg/m3] - - 5,8

Consistency class S4 S4 S4 S4

Table 3. Symbol of fibre concrete - study of the relationship between compressive strength and residual strength
Symbol Strength class Fibre type Fibre dosing [kg/m3]

C20X20

C16/20

X

20

C20X30 30

C20X45 45

C20Y20

Y

20

C20Y30 30

C20Y45 45

C37X20

C30/37

X

20

C37X30 30

C37X45 45

C37Y20

Y

20

C37Y30 30

C37Y45 45

C85X20

C70/85

X

20

C85X30 30

C85X45 45

C85Y20

Y

20

C85Y30 30

C85Y45 45

Table 4. Symbol of fibre concrete - study of the influence of curing time on the residual strength
Symbol Strength class Fibre type Fibre dosing [kg/m3] Curing time [days]

C30X40-28

C25/30

X 40

28

C30X40-180 180

C30X40-360 360

C37X40-28

C30/37

28

C37X40-180 180

C37X40-360 360

C30Y20-28

C25/30

Y 20

28

C30Y20-180 180

C30Y20-360 360

C37Y20-28

C30/37

28

C37Y20-180 180

C37Y20-360 360
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Figure 1. Scheme of the tested beams in accordance 
with PN-EN 14651

Figure 2. On the left: ARAMIS examination area with marked points of facets (No. 1-No. 5), on the right: 
measuring the distance between the facets using an electronic caliper

each of the classes, two types of fibres (X, Y) 
were used in the dosing of 20 kg/m3 for Y fibres 
and 40 kg/m3 for X fibres. The detailed composi-
tion of concrete recipes is presented in Table 2. 
A detailed description and marking of individual 
mixes are given in Table 4.

The production of all tested samples took 
place in the conditions of a concrete production 
plant in order to reflect reality as much as possible 
and make the results of the experiments more re-
alistic. The tests were carried out in the Labora-
tory of the Institute of Building Structures of the 
Poznan University of Technology in accordance 
with [31]. A total of 360 beams with dimensions 
of 150×150×600 mm were made. The test scheme 
is shown in Figure 1. The spacing of supports was 
500 mm (its effective span). The three-point dis-
placement-controlled  bending test was conduct-
ed at a rate of 0.2 mm/min. In each of the beams, 
a cut was made in accordance with the standard 
assumptions.

The modern ARAMIS measurement system 
was used in the laboratory tests, which uses a 
non-contact measurement method based on the 
principle of digital image correlation. Figure 
2 shows the location of the facet points in the 
ARAMIS measurement area. The principle of 
non-contact measurement of the change in the 
distance between points No. 1 and No. 2 was ad-
opted. These points were located at a distance of 
about 3 mm from the lower edge of the beam at a 
distance of about 10 mm between them. In addi-
tion, a second pair of facet points (No. 3 and No. 
4) was placed, whose mutual change of position 
was also controlled. The observation of the verti-
cal displacement of point No. 5 made it possible 
to verify the correctness of the measurement 
during the test. All distances between the facet 
points and the edges were measured before the 
test using an electronic caliper and the ARAMIS 
system. The image from the tests during the mea-
surement was recorded with a frequency of 5 Hz, 
which meets the recommendations of the PN-EN 
14651 standard. The residual bending tensile 
strength was determined (according to PN-EN 
14651) from the relationship:

	

1 
 

                                                                𝑓𝑓𝑅𝑅,𝑗𝑗 =
3𝐹𝐹𝑗𝑗𝑙𝑙
2𝑏𝑏ℎ𝑠𝑠𝑠𝑠2

                                                              (1) 

 
                                                            fcm ≥ (fck + 4) N/mm2                                                    (2)   

 

	 (1)

where:	 fR,j – successive residual strength (j = 
1,2,3,4), Fj – force corresponding to the 
achievement of CMODj (according to 
Fig. 3), l – effective span of the sample, b 
– sample width, hsp –  height of the sample 
in the cross-section through the crack.
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The results obtained from the ARAMIS mea-
surement were appropriately interpolated so that 
the CMOD value corresponded to the lower edge 
of the beam. The effectiveness and correct opera-
tion of the ARAMIS system was confirmed by 
correlation with an electronic extensometer on 
a sample of 48 beams made of 4 different types 
of fibre concrete (Fig. 4). Additionally, 180 cubic 
samples with dimensions of 150×150×150 mm 
were made to determine the compressive strength 
in accordance with [30].

RESULTS

Compressive strength test 

The first stage of the research concerned the 
influence of compressive strength of concrete on 
its residual flexural tensile strength. The com-
pressive strength was determined based on the 
average of six samples for each variant of tested 
concrete mix. Cubic samples with dimensions of 
150×150×150 mm were made in concrete fac-
tory conditions during the formation of beams 
for residual strength tests. The consistency of the 
concrete when making the samples was in the 
S4 class [4] (Abrams cone slump results from 
160–190 mm). Consistency class S4 was chosen 
because the addition of fibers to concrete causes 
deterioration of workability and due to the condi-
tions prevailing on building sites in order to avoid 
deterioration of compressive strength, e.g. by 
prohibited liquefaction of the mixture with water. 
At this stage, 108 cubic samples were tested, the 
results are presented in Table 5.

The mean strength in accordance with [4] for 
initial production is calculated according to the 
formula:
	

1 
 

                                                                𝑓𝑓𝑅𝑅,𝑗𝑗 =
3𝐹𝐹𝑗𝑗𝑙𝑙
2𝑏𝑏ℎ𝑠𝑠𝑠𝑠2

                                                              (1) 

 
                                                            fcm ≥ (fck + 4) N/mm2                                                    (2)   

 
	 (2)

where:	 fcm – mean compressive strength of con-
crete; fck – characteristic compressive 
strength of concrete.

The results confirm that the compressive 
strength class has been achieved for each of the 
designed fibre concretes. The obtained results for 
concrete class C16/20 are from 31.250 to 39.911 
MPa, for class C30/37 from 42.248 to 50.864 
MPa, and for class C70/85 from 95.511 to 113.010 
MPa. It is worth paying attention to the increase 

Figure 3. Typical force-CMOD relationship (source: PN-EN 14651)

Figure 4. Residual bending tensile strength test in 
accordance with PN-EN 14651 – correlation of the 

ARAMIS system with the extensometer
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in compressive strength that was observed as the 
fibre content in the concrete mixture increased. 
This increase was observed when both types of 
fibres were used, but its amount does not affect 
the further course of the research. Only in one 
case was the compressive strength of concrete 
with a fibre amount of 30 kg/m3 (C85Y30) high-
er than that of concrete with a fibre amount of 45 
kg/m3 (C85Y45). This situation may be caused by 
the level of homogenization and the composition 
of the concrete mixture itself that, when using 
a strong polymer, had a high viscosity reaching 

above 100 MPa. Additionally, the use of fibers 
with a slenderness above 0.6 makes it difficult to 
uniformly distribute this additive in the concrete 
mix, which may be reflected in the compressive 
strength results when crushed basalt aggregate is 
used. In the next part of the research, the compres-
sive strength was analyzed in relation to the test 
time. The initial strength of 28 days was assumed, 
and the two subsequent test dates were set at 180 
days and 360 days from the moment of producing 
the concrete mixture. The compressive strength 
results presented in Table 6 are the average of 6 

Table 5. Compressive strength results – 1st stage of testing
Label Designed strength class of concrete Compressive strength [MPa]

C20X20

C16/20

31,250

C20X30 34,005

C20X45 39,911

C20Y20 33,766

C20Y30 35,706

C20Y45 37,986

C37X20

C30/37

42,248

C37X30 45,116

C37X45 49,929

C37Y20 44,288

C37Y30 46,563

C37Y45 50,864

C85X20

C70/85

95,511

C85X30 97,929

C85X45 106,837

C85Y20 105,126

C85Y30 113,010

C85Y45 109,901

Table 6. Compressive strength results – 2nd stage of testing

Label Designed strength class of 
concrete Curing time [days] Compressive strength [MPa]

C30X40-28

C25/30

28 34,975

C30X40-180 180 38,083

C30X40-360 360 41,650

C37X40-28

C30/37

28 44,599

C37X40-180 180 51,695

C37X40-360 360 56,399

C30Y20-28

C25/30

28 38,201

C30Y20-180 180 44,902

C30Y20-360 360 46,287

C37Y20-28

C30/37

28 46,678

C37Y20-180 180 51,598

C37Y20-360 360 59,854
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Figure 5. Residual flexural strength (in MPa) vs. CMOD (in mm) for concrete class C16/20 with two kinds of 
steel fibres (X, Y) and fibre dosage in the amount of 20, 30 and 45 kg/m3

samples for each type of fibre concrete (a total of 
72 cubic samples were tested at this stage).

The obtained results confirm that the compres-
sive strength class was achieved as intended. Four 
types of fibre concrete were tested, and in each 
type the compressive strength increased over time. 
For class C25/30 the increase of strength in com-
parison with 28-days strength after 180 and 360 
days was 19 and 21%, respectively, and for class 
C30/37 was 26 and 28%. The increase in concrete 
strength over time is a natural phenomenon, espe-
cially for mixtures containing silica fly ash, which 
has pozzolanic properties. The tested concretes 
were produced using CEM II/B-V 42.5 R-HSR/
NA cement, which contains up to 35% of the ad-
dition of silica fly ash in accordance with [2]. Ad-
ditionally, the recipe used fly ash as an additive in 
amounts of 60 and 40 kg, which also resulted in an 
increase in compressive strength results over time.

Residual flexural tensile strength test 

Residual strength tests were carried out in ac-
cordance with PN-EN 14651. In the first stage, the 
influence of concrete’s compressive strength on its 
residual strength was examined. Concrete classes 
C16/20, C30/37 and C70/85 were selected. The 
mixtures used two types of fibres in three differ-
ent dosages (20, 30 and 45 kg). Twelve test beams 
with dimensions of 150×150×600 mm were made 
of each type of fibre concrete (a total of 216 beams 
in the first stage). The results converted into MPa 
for individual types of fibre concrete are presented 
in the charts below (Figs. 5–8).

The residual strength results for concrete 
class C16/20 depend on the type and amount of 
steel fibre used (Fig. 5). Concrete using Y fibre is 
characterized by higher residual strength, which 
is due to the greater slenderness of the fibre used. 
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In both cases, the used fibre types lead to an in-
crease of compressive strength as the fibre dos-
age increases. For CMOD 2.5 and X fibres, the 
residual strength is 1,74 MPa for a dosage of 20 
kg/m3, then with a fibre dosage of 30 kg/m3 it in-
creases to 2,85 MPa, and at 45 kg/m3 it increases 
to 5,00 MPa. 

The graphs in Figure 6 show the results of 
residual strengths for concrete class C30/37. 
Similarly to the results for C16/20 concrete, as 
the fibre dosage increases, its residual bending 
tensile strength increases. For CMOD 2.5, when 
X-fibres were dosed in an amount of 20 kg/m3, a 
value of 1.86 MPa was achieved, with a dosage 

Figure 6. Residual flexural strength (in MPa) vs. CMOD (in mm) for concrete class C30/37 with two kinds of 
steel fibres (X, Y) and fibre dosage in the amount of 20, 30 and 45 kg/m3

Figure 7. Residual flexural strength (in MPa) vs. CMOD (in mm) for concrete class C70/85 with two kinds of 
steel fibres (X, Y) and fibre dosage in the amount of 20, 30 and 45 kg/m3 
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Figure 8. Residual flexural strength (in MPa) vs. CMOD (in mm) for concrete classes C25/30 and C30/37 
determined after the 28, 180 and 360 days of curing

of 30 kg/m3 the value increased to 2.87 MPa, then 
with a dosage of 45 kg/m3 a level of 3.77 MPa was 
recorded. When comparing the residual strength 
charts for concrete classes C16/20 and C30/37, no 
significant differences are observed, the compres-
sive strength class of concrete does not generate 
an increase in residual strength.  For CMOD 2.5, 

with the dosage of X-fibre in the amount of 45 
kg/m3 in concrete class C30/37 (C37X45), a de-
crease in residual strength was observed to 3.77 
MPa compared to class C16/20 (C20X45) 5.00 
MPa, with a difference in strength compressive 
strength of approximately 10 MPa. In turn, with 
the same amount of Y fibres, the opposite results 
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were recorded, i.e. an increase in residual strength 
from 5.29 MPa to 6.21 MPa, with a difference in 
compressive strength of approximately 13 MPa. 
These differences are not large enough to consti-
tute a significant impact of compressive strength 
on residual strength, but rather indicate the influ-
ence of factors such as random fibre distribution.

The results presented in Figure 7 concern the 
residual strengths for C70/85 class concrete. This 
concrete achieved a compressive strength above 
100 MPa, which resulted in significant differences 
in the MPa-CMOD relationship charts. Such a 
high class of concrete was deliberately introduced 
into the research plan in order to verify the influ-
ence of concrete’s compressive strength on its 
residual strength. Also, an increased amount of 
fibres was intentionally used, up to 45 kg/m3, to 
demonstrate the relationship between the residual 
strength and the amount of fibres in the concrete 
mix. Analyzing the graphs in Figure 7 for X fi-
bres, a significant increase in residual strength was 
found for CMOD 0.5, which was influenced by 
the compressive strength of concrete. However, 
for CMOD 2.5 and 3.5 the situation is opposite, 
and residual strength decreases of over 100% were 
observed. The reason for this situation may be the 
brittleness of concrete with a strength above 100 
MPa. For Y fibres at CMOD 0.5 the results are the 
same, an increase in residual strength is observed, 
while for CMOD 2.5 and 3.5 the results do not dif-
fer from the concrete classes C16/20 and C30/37. 
This proves the significant impact of the type and 
amount of fibre used on the residual strength.

In the second stage of the research, the influ-
ence of curing time on the residual strength was 
checked. For this purpose, 144 beams were made 
(12 pieces of each type of fibre concrete), which 
were tested for residual tensile strength in bend-
ing after 28, 180 and 360 days after forming. The 
results in the form of graphs are presented in Fig-
ure 8. For X fibres in class C25/30, no significant 
differences were observed between the 28th and 
180th day of the test, but after 360 days the resid-
ual strength increased by approximately 1.5 MPa. 
For X-fibres in the C30/37 class, an increase of 
approximately 1 MPa was observed between the 
28th and 180th day of sample curing time, and 
an increase between the 180th and 360th day of 
testing also by approximately 1 MPa. In mixtures 
using Y fibres, no such significant differences are 
observed. It is true that in the case of C30Y20-
180 concrete, the results increased by more 
than 1 MPa compared to C30Y20-28, but the 

remaining results are characterized by greater sta-
bility than in the case of X fibres. For the C30/37 
concrete class, when dosing Y fibres, a decrease 
in strength was observed in the test after 180 days 
of ripening (CMOD 2.5 and 3.5). When using X 
fibres, an increase in residual strength over time 
was observed, but for Y fibres the residual strength 
did not change much. The reasons for this situa-
tion include the type of fibre used, its slenderness, 
variable shape or the type of steel from which it 
was made, which may translate into the interac-
tion of the concrete matrix with the fibre surface.

CONCLUSIONS

Based on the performed laboratory tests of fi-
bre concrete in strength classes C16/20, C25/30, 
C30/37 and C70/85 with variable dosing of two 
types of steel fibres, the following conclusions 
can be formulated:
	• residual bending tensile strength depends 

mainly on the type and amount of fibre used,
	• fibres with increased slenderness (>50) allow 

for higher values of residual tensile strength 
under bending,

	• the use of steel fibres in the concrete mix in-
creases the compressive strength of concrete,

	• the curing time of the samples affects posi-
tively the compressive strength of concrete, 
especially when the mixture is produced with 
high-quality fly ash,

	• the compressive strength of concrete in the 
range of 30–50 MPa has no influence on the 
residual strength,

	• compressive strength of concrete above 
90 MPa improves the residual strength in the 
initial phase of load transfer, but after cracking 
occurs, the compressive strength of concrete 
ceases to be significant, and the required load-
bearing capacity can be obtained by using the 
appropriate type of fibres,

	• the obtained results of residual strengths for 
X and Y fibers in the dosage range of up to 
30 kg/m3 reflect the values ​​shown in the avail-
able literature.

	• the results of the residual strength for a fiber 
dosage of 45 kg/m3 (especially Y) are charac-
terized by its high value even with crack open-
ing for CMOD 2.5

	• the concrete curing time has a clear impact 
on compressive strength, but does not clearly 
translate into residual bending tensile strength,
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	• for safety reasons, it is recommended to use 
a 28-day strength for the design of elements 
made of fibre concrete,

	• the use of fibre concrete with steel fibres and 
a strength greater than 40 MPa for structural 
elements is economically disadvantageous, 
because the results for CMOD 2.5 and CMOD 
3.5 (after crack formation) depend on the 
type and amount of fiber used and not on the 
strength class of the concrete.

	• the applied innovative method of optical 
measurement of displacements and strains in 
the residual strength analysis is a useful al-
ternative to the traditional method using an 
extensometer

	• the results of the conducted laboratory tests 
will be helpful in developing guidelines for 
the design of structural elements made of fi-
bre-reinforced concrete.
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