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Flexural fatigue failure of concrete reinforced
with smooth and mixing hooked-end steel fibers

Nacira Saoudi and Boudjema Bezzazi

Abstract: This paper presents an experimental study on flexural fatigue dynamic
behavior of reinforced concrete. Steel fiber is used for the retrofitting and
strengthening flexural members, by mixing short smooth steel fiber and hooked-
end fiber. By using Vibrophore HFP 150, dynamic loading was scanned at a reso-
nance frequency of 100 Hz. Our objective is to examine the behavior of a specimen
of 7 X 7 x 28 by a three-point bending test under high-level stress until it fails.
Important research has been conducted to investigate the static and fatigue
behavior of reinforcement. It was strengthened initially using one fiber, then using
other additives. However, this research is not adequate to examine the flexural
fatigue behavior of specimens by mixing different shaped fibers at different per-
centages. A further improvement in composite concrete performance is observed by
mixing two steel fibers under high-level stress. The results are in alignment with the
fatigue life data using Weibull distribution.

Subjects: Concrete & Cement; Structural Engineering; Waste & Recycling

Keywords: Smooth steel fiber; flexural fatigue; fatigue behavior; S-N curves

1. Introduction

Brittle materials or matrices have been strengthened with fibersfor a long time. For research
papers,Romualdi in 1963 and 1964 consideredsteel fibers as reinforcement for concrete. Several
properties of concrete have been improved by incorporating steel or other fibers and implicating in
structures such as bridge decks, machine foundation, airport etc. Nevertheless, these structural
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elements (bridge decks, dynamic machines etc.) are built by cyclic loading. Repeated loading
during the service is not made in the same pulse; it can be said that fatigue is a progressive,
permanent, internaland structural process.

Applications in building and civil engineering structures of steel fibers reinforcement are sig-
nificantly important. But even in researches in recent years, experimental evaluations of this
behavior have been carried out (Arora & Singh, 2018; Chandrappa & Biligiri, 2017; Kyu-Seok,
Yoon-Sang, Kwan-Kyu, & Jung 2017). Numerous practical applications are expected to be used in
static loading behavior. However, fatigue dynamics of smooth steel fibers mixing hooked-end
reinforced ordinary concrete is used infrequently for different percentages.

Behavior of materials even under fatigue loading has been studied for many reinforcement
concretes. There have been many studies on fatigue strengthening using textile-reinforced con-
crete (Parvez & Foster, 2017), CFRP rbon fiber-reinforced polymer materials and different materials
(Colombi, Bassetti, & Nussbaumer, 2003; Ghafoori, Motavalli, Zhao, Nussbaumer, & Fontana, 2015;
Ghafoori, Schumacher, & Motavalli, 2012; Tdljsten, Hansen, & Schmidt, 2009; Wu, Zhao., Al-
Mahaidi, Emdad, & Duan, 2013); the influence of recycled concrete aggregates geopolymer con-
crete (Parthiban & Saravana, 2016).

Different specimens and tests such as compressive, flexural, three points and four points, are
summarized at different frequencies. Specimens of size 100 X 100 X 500 mm were tested under
four-point flexural fatigue loads applied at a frequency of 10 Hz. It has shown that the fatigue life
distributions of concrete are made with 100% (recycled) RCA and 100% (nature) NA (Arora, &
Singh, 2018; Arora & Singh, 2016). The fatigue behavior of a high-strength concrete was investi-
gated considering the influence of maximum stress level, loading frequency and waveform, but
Nadja studied for low-cycle fatigue. The loading frequency was chosen between f = 0.1 and 10 Hz
(Oneschkow, 2016). The force was applied in load control using a sinusoidal wave at a frequency of
3 Hz (Parvez & Foster, 2017). Specimens of size 10 X 10 X 50 cm were tested under four-point
flexural fatigue loads applied at a frequency of 10 Hz (Arora & Singh, 2016). (Medeiros, Zhang, Ruiz,
Yu, & Velasco, 2015) cubes specimens of 10 cm length studied at four different loading frequen-
cies, 4, 1, 1/4 and 1/16 Hz, (Jang, Kim, Kim, Min, & Lee, 2014) 10 X 10 X 40 cm were tested under
flexural fatigue, at a frequency of 1 Hz.

A specimen of size 10 X 10 X 50 cm for static flexural and flexural fatigue tests, with constant
amplitude and sinusoidal loads that were applied at a frequency of 10 Hz (Goel & Singh, 2014;
Goel, Singh, & Singh, 2012; Houari, Benkechkache, & Debicki, 2014), was used (mild steel har-
dened), which had cylindrical shape, fitted with hooked-end (noted HE) at a frequency of 1.8 Hz. It
is necessary to develop fatigue models for non-reinforced concrete and steel fiber-reinforced
concrete (SFRC) with local materials that allow quantifying the effect of steel fibers in materials’
fatigue life (Ruiz-Valencia, Rodriguez, & Leén-Neira, 2017).

In general, variation in loading frequencies in the range of 1-30 Hz has insignificant effect on the
fatigue behavior of concrete if the maximum stress level is kept less than 75% of the static
strength (Awad & Hilsdorf, 1974). Fatigue life prediction and the design of SSFRC structure
elements can also be performed through an empirical approach. But differences in performances
of the characteristics of materials can be in discord with empirical approach. Few researches, on
the fatigue of SSSFRC, are published. The fatigue performance is relatively related to local materials
used and homogeneous concrete.

In the present study, A Vibrophore Zwick HFP 150( is used to determine flexion fatigue strength,
realized at URMPE Laboratory University of Boumerdes, fatigue life and fatigue limit, fatigue testing
flexion. In the present investigation, an upper limit of 5 million cycles was chosen to estimate the
life duration of a structure that may typically be subjected to flexural fatigue loading for all
specimens SFRC
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Figure 1. Steel fibers, smooth
15 mm, hook-end 30 mm.

Short smooth steel fibers are used because of the conclusion; the presence of fibers, especially
bigger ones, may be an additional cause of imperfections, creating stresses (Cachim, Figueiras, &
Pereira, 2002), but Betterman, Ouyang and Shah (1995) define the damage on interfaces of fiber-
matrix and aggregate-matrix, as the weakest phase in concrete and SFRC, as it is responsible for
fatigue crack initiation and growth in reinforced concrete. Smooth fibers exhibited higher fracture
strength and energy than twisted fibers (Tran, Tran, Jeon, Park, & Kim, 2015). Soufeiani et al. (2016)
and Yoo and Yoon (2015) tested 10 large UHPC beams with two different reinforcement ratios and
steel fiber types (smooth and twisted steel fibers). The results showed that adding steel fibers
significantly improved load-carrying capacity, post-cracking stiffness and cracking response but
decreased ductility. The researchers determined that by adding 2% steel fibers by volume, load-
carrying capacity has increased by 27-54%.

2. Mechanic tests and materials

Portland cement class CEMII 42.5N was used in this study. Mechanical characteristics on day 28
are 44.7 MPa for compressive strength and 5.7 MPa for the flexion test. High water reducer ADVA
flow 390. A nominal maximum size aggregates of 15 mm Azrou Kaddara career with a density of
2.72 kg/m*® were used. Effects of fibers DRAMIX smooth steel fibers (15 mm) and hook-end
(30 mm) on fatigue dynamic of reinforced concrete are shown in Figure 1. Table 1 shows the
characteristics of biers used in the current study.

The mix proportions for (smooth and mixed) concrete mixes used for casting the specimens
are shown in Table 2 to investigate the effects of the different reinforcement mixing fibers on
static load and the flexural fatigue performances of the beams; the specimens were cast in 11
batches; each batch consists of 11 standards beam specimens of size 7 x 7 x 28 cm for static
flexural and flexural fatigue tests and three cylindric specimens of size 160 x 320 mm for
obtaining its 28 days compressive modulus. The specimens were demolded after 24 h of
casting.

The beam specimens were cured under laboratory conditions until testing strength succumbs.
2.1. Static tests

2.1.1. Compressive extensometer

Young modulus: measured on cylinders specimen dimensions tests 16 X 32 cm (Figure 2) in
BOUIRA University laboratory. The improvement of compressive strength of all the mixtures tested
in this investigation is shown in Figure 3. The increase in the Young modulus can be observed, with
increasing percentages of fibers.

Histograms show proportionality of concrete’s rigidity with incorporation steel fibers and sensi-
tive at volume fractions (1.5%, 1.75%, and 2%).
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Figure 2. Compressive, extens-

ometer apparatus (3R).

Figure 3. Young modulus for
unstrengthened and strength-
ened concrete.

Table 1. Characteristics of fibers

Fiber type Fsmooth FHooked
Length (lp), mm 15+3 303
Diameter (df), mm 0.12 £ 0.01 0.375 +0.02
Hooked length (1), mm Smooth 1<1<3
Hooked amplitude, mm / h>0.75
Hooked angle / a2 20°
Tensile strength, MPa >1,000 >1,050
Conditioned Free Glued in plate
Slenderness factor l¢/d¢ 125 80

Table 2. Concrete mixture proportions used in the study

Materials Cement Fine Coarse Sand 0/3 Water (l)
aggregates aggregates
3/8 8/15
Weight kg 400 243 881 kg 623 160

SSFRC Y oung Modulus
55
g ® [ Young] FHFEFE
O]
2]
=}
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Figure 4. Flexural test appara-
tus (three-point bending) and
scheme.

Figure 5. Flexural three-point
bending of all batches.

r§—i

2.1.2. Flexural

2.1.2.1. Flexural test (three-point bending). About 70 static flexural tests were also carried out to
determine the static flexural strength of SSFRC and MSFRC. The representative test methods for
SFRC currently available are the ASTM C1609 and EN (2001) methods.

The specimens incorporated 0.5%, 0.75%, 1.0%, 1.25%, 1.5%, 1.75% and 2.0% volume fraction
of short smooth steel fibers and mixing two types (smooth and hooked-end) steel fiber at different
percentages.

The static flexural strength tests on batches of SCFRC were conducted just prior to fatigue tests.
For this purpose, three specimens on a beam 7 x 7 x 28 cm from each batch were tested under
three point static flexural loads. See the scheme and Figure 4; the mean static flexural strength
was obtained.

From the above results, it can be seen in Figure 5 that the improvement of flexural strength
becomes more obvious with the increase in the volume fraction of fiber. The load-deflection curves
quantitatively are in the function with increasing contained fibers but how the fibers influence the
discontinued branch and slope curve depends on connection cement-matrix and fibers at section
friction. The efficiency of hardened composite of SFRC is mainly related to the ability of its
components to work together homogeneously (Khabaz, 2016).

The load/deflection curves in Figure 5 show differences in slope-curves and ultimate flexion
displacement, where 0.75%, 1% and 1.25 % have max displacement in few time (brittle). It is also
observed that plain concrete shows brittle behavior. When subjecting the specimen of the plain
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Figure 6. Flexural strain-stress
three-point bending.

Comparison SSFRC 1.75% and
SSFRC 2%

concrete to the flexural loading, it will break into two parts once a bending crack occurs. But for the
1.75 % and 2%, it gives regular curves FRC (see details in Figure 6). Addition of these volume
fractions of fiber effectively slows down the propagation of crack and thus improves the enhance-
ment of flexural behavior and toughness of the specimen.

The static test results showed (Figure 6) the qualitative differences in the flexural curve for the
reinforced concrete 2% and 1.75% where pull-out fibers at the friction section depend on the
contained fibers. The difference depends on the percentage of the content, where the fiber is
bridging the section and pressing the brittle failure. Infinitesimal reversed movement of fibers
along the interface, damage of interface and repeated fatigue load can be defined as applied
permanent pull-out processes. These microscopical changes cause degradation in material proper-
ties and show irregular curves.

2.1.2.2. Flexion four-point bending. In order to enrich the investigation on static loads, approxi-
mately 18 beam specimens of size 500 mm X 100 mm X 100 mm were tested under four-point
flexural static loading. A four-point loading configuration (Figure 7) was adopted, and the midpoint
deflection was measured.

The static flexural strength four points bending of plain concrete was 4.15 MPa. Increasing fibers
fraction from 1.0% to 2.0% had a significant beneficial effect on the static flexural strength of
concrete (Figure 8).

A linear part is observed on the curves (for the beginning of loading), followed by a nonlinear
phenomenon, which corresponds to a localization of the damage around one or more cracks.

Figure 8 shows the similarity between the curves of SSFRC (1.5%, 1.75% and 2%) which gives
deflection under 0.5 mm, but the reinforced concrete, with volume fraction (0.75%, 1% and 1.25%)
deflects upper by 0.7 mm.

There was an increase of 41%, 65% and 84% in the static flexural strength of SFRC over the plain
concrete with reinforcement with steel fibers as Houari et al. (2014) conclude that the deflections,
which correspond to the maximum loads, are even more greatly increased since they can reach
seven times those of mortars without fibers (700%).

—4—1,75%
50 Static flexural tests, three point bending —+—2%F
Comparaison Cuves ,SSFRC 2% and 1,75%,

438

Flexural stress strenght MPa

T T T T T T T T T T T T T 1
03 035 036 037 038 039 040 04l 042
Displacement mm
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Figure 7. Apparatus and
scheme of flexural four-point
bending of all batches.
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2.2. Dynamic fatigue
During their life cycles, concrete structures such as parking garages, bridges and industrials
pavements are subjected to fatigue loading. It is important to understand their fatigue behavior.
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Figure 10. Examples of dynamic
and static loading applied.

The loading points in flexural fatigue tests were kept the same as in static flexural tests (three
points bending), since fatigue tests are expensive and time-consuming, the tests were performed
on six specimens, and for mixing fibers we have chosen specimens with significant flexural values.

2.2.1. Loading applied (coupling static and dynamic)

Flexural fatigue dynamic tests were carried out using a Vibrophore HFP 150(Figure.6). Dynamic
loading was applied to attend resonance frequency speed under a maximum apparatus frequency
of 300 Hz. This investigation of the flexural fatigue behavior of SFRC involved nine different mixed
proportions. The parameters of the fibers, such as fiber type, were varied; it was decided to take
the product of smooth steel fiber separated and mixed smooth with hooked-end at different
volumes.

The principal variables causing fatigue failure of both steel and composites are in the range of applied
stress; three stress levels S (S = fmax/fy) Were conducted 0.7-0.8 and 0.9 for the flexural fatigue tests,
considering a simply supported specimen 7 X 7 x 28 cm specimen loaded in flexural bending fatigue
loads with a constant coupling the maximum and minimum loads (see the examples in Figure 10).

After N number of cycles in bending load to the point of collapse, a finely crack had appeared
after failure fatigue compared to static testing. The fatigue damage failure processes of fiber-
reinforced concrete were different static failure process, microfibers, short steel fiber, etc., which
can bridge microcracks and restraint their formation and propagation in a small scale (Biao, Yin,
Lihua, Yuchuan, & Changning, 2018).

However, small apparent cracks are shown on reinforced-concrete for SSFRC 0.5% and SSFRC 0.75%.
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The fatigue changed the confinement of reinforced concrete, where fibers bridging crakes as well
as specimen are consolidate as (Ivanova & Assih, 2016) observed. So after optimum consolidation
concrete phase, constituent capacity under cyclic loading decrease and breakage phase is observed.

The aggregate bridging force as well as the fiber bridging force decreases with the number of
cycles, due to interfacial damage (Zhang & Stang, 1997), or fiber breakage due to surface abrasion
(Matsumoto, 1998).

The fatigue damage progressive on material constituents is responsible for fatigue life of a
material. For reinforced concrete, the material phases can broadly be classified as matrix (cement
paste and aggregates), fibers, as well as the interfaces of fiber-matrix and aggregate-hydrated
cement paste. The fatigue loading causes these physical phases to undergo microscopic changes,
such as opening and growth of bond cracks, which exist at the interface between coarse aggregate
and hydrated cement paste even prior to the application of load (Neville & Brooks, 1987).

Figure 10 shows that the relative example registered for composite SSFRC (0.5% and 0.75%) applied
loading system increases with increasing level stress, but for 2%, 1.5, 1.75 the system’s curves are not
proportional to level stress, as SSFRC 2%; [the (S = 0.8) begins before level stress (S = 0.9)].

The frequencies of the fractions (0.5% and 0.75%) have the same changes, so the upper rise
increases with increasing loading and decreasing of time loading applied. For plain concrete S
(0.70) loading participates in consolidating the specimen, but for the level stress (0.90) where the
loading is important, the elastic properties are limited. Irregular frequency changes after incorpor-
ating 0.75%, 1.25% of smooth steel fibers, where we suppose that homogeneity of the specimen is
not satisfied. So the intrinsic property differs between specimens, because of unsaturated fibers.

2.2.2. Fatigue analysis

Graphical method and the method of maximum likelihood have been employed to assimilate the
fatigue life (Tables 3-6) data of reinforced concrete with smooth steel fibers by the two parameters
Weibull distribution at a given stress level. The reliability function LN (n) of the two-parameters
Weibull distribution may be written as follows: expression (Goel et al, 2012; Gumble, 1963;
Mohammadi & Kaushik, 2005; Oh, 1986, 1991; Tse, Lee, & Klaiber, 1986) ranging the fatigue life
data at a given stress level in ascending order.

In {ln (&)} =aln(n) +a In (u) (1)

Table 3. Flexural fatigue life data (N) of SSSFRC with 0.5% and 0.75% steel fibers

Specimens 0.5% (Smooth) SSSFRC 0.75% (Smooth) SSSFRC
Levels S 70% 80% 90% 70% 80% 90%
1 1,443 65 12 23 13 11
2 2,731 232 35 564 243 23
3 3,685 711 98 2,586 1,540 250
4 4,260 1,432 643 5,476 3,540 1,315
5 4,960 2,661 1,630 10,897 4,332 1,357
6 5212 3,510 2,297 15,729 8,545 3,516
7 6,508 25,364 0*
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Table 4. Flexural fatigue life data (N) of 1.25%and 1.5% and 2% smooth steel

Specimens 1.25% (Smooth) 1.5% (Smooth) SSSFRC 2% (Smooth) SSSFRC
Levels S 0.7 0.8 0.9 0.7 0.8 0.9 0.70 0.8 0.9
1 2,593 273 11 1,576 987 46 2,097 92 14
2 3,674 1,543 44 3,834 2,503 198 2,841 203 513
3 5,062 2,466 467 5,053 3,148 776 6,530 1,342 2,043
4 6,354 2,699 1,776 6,530 3,654 1,421 10,053 4,532 3,387
5 8,423 2,846 3,258 6,943 5,463 3,764 16,543 5,080 5,855
6 17,542 6,405 3,516 9,598 5,643 3,842 27,573 8,432 6,785

Table 5. Flexural fatigue life data (N) of B and B-

B*% FRC B"% FRC
0.7 0.8 0.9 0.7 0.8 0.9
950 387 214 2,429 2,092 2,014
2,961 2,472 713 6,595 4,940 3,713
5,345 4,078 3,639 7,576 5,285 4,639
5,973 5,328 4,143 65,467 5,929 6,728
8,705 6,996 5,931 221,433 8,896 7,031
/ / / 629,070

A A

0.7 0.8 0.9 0.7 0.8 0.9
2,018 2,002 1,903 1,075 295 32
2,341 6,128 2,796 2,809 1,092 553
5,683 8,765 3,425 4,538 1,688 1,543
9,154 13,251 6,855 6,777 5,432 3,627
20,468 17,129 8,875 9,091 7,805 4,908
29,468 23,476 1,075

where i is the failure order number, and k is the number of fatigue data points at a given stress
level S. A graph is plotted between the In[In(1/Ly)] and In(N), at a particular stress level (Arora &
Singh, 2016; Goel et al., 2012).

i

Ly=1-— kel (2)
For the maximum likelihood function may be expressed as
T ) 1 1o
2:;1 e T EZ,':‘]_ lan; (3)

2.2.2.1. 5-N level stress and cycles number. The average static flexural force of SSFRC reinforced
with 0.75%, 1.0%, 1.25%, 1.5% and 2.0% fibers volume fractions were between 11.4 and 11.7 kN,
only plain concrete and 0.5% SSFRC were below. The results of the flexural fatigue dynamic tests
show that the flexural strength of reinforced concrete with short smooth steel fibers is interesting
beginning from 0.75 % and it is about 26.3% higher than the corresponding plain concrete strength
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Figure 11. Fatigue life data at
stress level studied.

Figure 12. Fatigue life compari-
son level stress (S = 0.7) for all
batches SSSFRC.
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for the majority of batches and it is 11% higher than 0.5% SSFRC. However, the test results showed
a decrease in the number of cycles for all SSFRC with increasing dynamic loading.

Smooth steel fibers follow approximately straight line; a linear regression analysis of each set of
data (Figure .11) has been carried out and plotted in a semilogarithmic format in the form of S-N
curves.

Figure 12 represents the analysis of the fatigue life data of reinforced concrete with only smooth
steel fibers, for the fatigue level stress 0.7 expressed as a percentage of the corresponding static
flexural strength. The corresponding values of the correlation coefficient, C., are 0.977, 0.968 and
0.9649, 0.9641 and 0.982 for concrete made with smooth steel respectively 0.5%, 0.75%, 1.25%,
1.5%, 1.75% and 2% SSFRC, at level stress 0.70.

2.2.2.2. Mixing fibers SSFRC 15 mm and hooked-end 30 mm. Figure 13 represents the S-N relation-
ship for the reinforced concrete with short smooth steel fiber and mixed with hooked-end fibers.
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Figure 13. Influence of 0.25%
hooked-end on 1.5% SSFRC.

Figure 14. Curves of concrete
reinforced with mixing two
types of fibers.
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Approximately follows a straight line. The corresponding values of the correlation coefficient, Ce,
are between 0.952 and 0.978 for concrete made with (A) and (A™) (1.5% and 0.25%) smooth and
hooked-end but C. is 0.92, for B and B~ (mixing 1% and 0.75%) of smooth and hooked-end at
(S = 0.8) stress and 0.98 for (S = 0.9) level stress.

The effect of mixing two types of fibers shown (see Figures 14 and 15) can be observed that (B
and B7) with small variation 0.25% or with concentration of 1.5% (A, A”), concrete behavior
enhanced using hooked-end fiber, especially at high level (S = 0.9), so the values of the Weibull
parameters obtained by graphical method for curves S-N of flexural fatigue dynamics are
o = 0.9252 and p = 8,043.7465; and a = 0.3981 and p = 104,573.8534 for reinforced concrete
with B (1%S + 0.75H) and concrete B™ (0.75%S + 1H) respectively at stress level, S = 0.70.
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Figure 15. Curves of reinforced
concrete with mixing two type
of fibers.
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Weibull parameters are o = 0.8076 and p = 12,997.4848; and a = 1.0487 and u = 5,974.4166 for
reinforced concrete with A (1.5%S + 0.25H) and reinforced concrete with A™ (0.25%S + 1.5H)
respectively at stress level, S = 0.90.

Similarly, the values of Weibull parameters (a and p) obtained at other stress levels and
percentages have been tabulated in Table 7.

At level stress (S =0.9) important influence for SSFRC 1.5%, in variability on the number of cycles (see
Figure 14), However, curves are inclined to the same slope for smooth and hooked-end SFRCs A.

Flexural fatigue life of reinforced concrete at high frequency, smooth steel (15 mm) is confined
in matrix, because of the geometries, however hooked and mixed with smooth, facilitates failure
and limit in variability on the number of cycles. In concretes (A) the number of cycles to failure
under high-frequency gets more numerous to that (A”) (see Figurel4).

3. Conclusion

Recent investigations showed that (S-N) fatigue bending strength SFRC follows a straight line. This
study includes an experimental investigation on the behavior of SFRC (smooth steel and mixing
two types of fibers) under fatigue dynamic loading.

Results selected about the influence of steel fiber (separated and mixed) on the numbers of
cycles to failure under flexural fatigue are presented in this paper, for the three investigated stress
levels. Fatigue tests were conducted on beams specimens 7 X 7 x 28 cm (SFRC) with the intention
to evaluate its flexural fatigue performance.

In addition to the literature research, the results also show that there is a direct relation
between frequency, constituents and the fatigue life (the number of cycles) S-N. Compared with
static force, reinforced concrete with 2% smooth steel fiber gives the higher number of cycles.

It was found that at level stress S studied (0.7, 0.8, 0.9) and high frequency, distribution of
fatigue life data can be approximately modeled by the two-parameter Weibull distribution, where
the values of the shape parameter for fatigue life obtained for reinforced concrete SSSFRC are
inversely proportional to stress level compared with concrete studied (Arora & Singh, 2016),
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Table 7. The table summarizes the two parameters Weibull distribution, as a reasonable suppo-

sition for the description of fatigue test data at that stress level

S% a 1] o H
Graphical method Maximum likelihood
0.5% 70 1.8354 4,861.7692 2.9776 4,614.8852
80 0.5942 1,593.6462 0.9302 1,391.9000
90 0.4182 660.0715 0.6115 560.6010
0.75% 70 0.3652 6,420.4971 0.6619 4,728.7750
80 0.3001 3,344.3490 0.6667 2,461.5703
90 0.3760 943.3790 0.5896 756.7528
1.25% 70 1.3238 8,509.5981 1.6098 8,200.1849
80 0.8131 3,429.1962 1.4075 2,958.6350
90 0.3691 1,453.1596 0.6135 1,135.3595
1.5% 70 1.4124 6,780.8890 2.3796 6,303.4426
80 1.3852 4,340.2439 2.3625 4,024.0171
90 0.4806 920.7776 0.8217 1,524.5305
2% 70 0.9050 12,603.9805 1.2447 11,773.3970
80 0.4780 3,470.6322 0.7746 2,893.7103
90 0.3683 4,003.2760 0.7554 2,760.4879
B 70 0.3981 104,573.8534 0.5390 89,151.5828
80 1.475 7,886.2921 2.7312 6,108.7258
90 1.7028 5,756.5439 2.9042 5,430.7990
B™ 70 0.9252 8,043.7465 1.8158 5364.7387
80 0.7256 5,094.0701 1.5133 4216.3978
90 0.6046 3,601.3016 1.096 3018.2099
A” 70 1.0487 5,974.4166 2.0121 5,022.4424
80 0.6683 3,719.3634 1.029 3300.2247
90 0.3756 4,355.2040 0.803 1937.0792
A 70 0.8076 12,997.4848 1.1151 12,017.0532
80 1.0281 14,379.8376 1.6964 13,164.7347
90 1.349 5,710.7817 1.9365 5417.1612

0.9050, 0.4780 and 0.3683 for stress level S, respectively (0.7, 0.8, 0.9) for SSFRC 2%, but for
concrete specimens mixed in proportions A (1.5% S + 0.25H) and B (1% S + 0.75H), values of the
shape parameter are proportional with applied stress level (0.7, 0.8, 0.9).

The number of cycles is enhanced by adding 0.25% of hooked-end to 1.5% of smooth steel for all
the studied stress levels.

This indicates that the parameter (shape of fiber) is important where we conclude that smooth steel
is pulled out from cement matrix at high stress level, then it converges to a limited number of cycles.

Waiting for the failure of each specimen is hazardous, but logarithmic functions are useful
relations to estimate the fatigue life. To perform some series of tests as distribution, steel per
units of area is the perspective study.
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