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Article Info Abstract

Article History: In this paper, an experimental study is presented on a wide variety of fresh and
hardened characteristics of an optimized steel fiber-reinforced self-compacting
concrete (SFRSCC) mix. This is in order to examine the possibility of using this type
Accepted 19 Dec 2025 of concrete to strengthen a corroded RC concrete beam with dimensions of
150%x200%1200 mm. Micro steel fibers MSF were utilized at percentages of 0, 0.25,
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Keywords: 0.5, 0.75, and 1% by volume. Using multi-objective optimization approach SFRSCC
Micro steel fibers; mix is optimized based on multi responses (tested properties). The theoretical
Self-compacting optimization and its verification based on testing different fresh properties (slump
Concrete; flow, T500, L-box and segregation resistance), mechanical properties
Optimization; (compressive, flexural, splitting tensile strength, and modulus of elasticity), in
Strength; addition to related durability properties (porosity and water absorption). In this
Strengthening investigation, the results of the experiments indicated that steel fibers enhanced

the compressive, flexural, tensile strength, and elastic modulus as well as sieve
segregation test by 22.9, 77.9, 112.8, 18.3, and 55.6% respectively which was
achieved using 1% percentage of steel fiber. However, the rest of the properties
are negatively affected due to the rise in fiber content. Thus, it was decided to
implement a multi objective optimization process to get the optimum content. The
optimum SCC mixture that satisfies all requirements was found using statistical
software (Minitab 2018). The theoretical chosen optimal ratio of 0.47% of fibers
that was obtained through optimization and it was evaluated and empirically
verified. The optimal ratio was used in SCC mix for strengthening purposes with
30 mm jacket thickness for corroded RC beam. Strengthen corroded RC beam
showed a considerable increase in its bending capacity, around 20%, contrasted
to the corroded beam. The utilization of this method of strengthening also
increased the ultimate load at first crack and the stiffness. Thus, it can be deduced
that the method used is an effective method of strengthening.

© 2026 MIM Research Group. All rights reserved.

1. Introduction

Self-compacting concrete SCC is a very flowing and non-segregating concrete composition. There
is no need for vibration to condense which results in less noise and significant labor effort savings
as well as lower cost which improves the economics of concrete production [1]. Similar to normal
vibrated concrete (NVC), SCC mixes include aggregate, cement, water, admixtures, and specific
mineral additions or fillers. To improve its flowing characteristics, SCC has a higher dosage of
superplasticizers and fillers (such as fly ash, silica fume, limestone powder, etc.) than NVC [2]. In
SCC, there is a high possibility to use replacement materials instead of cement to maintain the same
compressive strength while reducing the amount of cement. Thus, it may be classified as a
sustainable material [3, 4]. Self-compacting concrete requires more paste than conventional
concrete for high flowability, requiring 500-600 kg/m3 of powder material. Portland cement, used
in SCC mixes, emits CO2 into the atmosphere, negatively impacting the environment. High cement
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content also produces hydration heat, leading to concrete cracking during the hydration process.
Therefore, SCC mixes require more powder material for self-compacting capability [5].

Fly ash is a byproduct of pulverized coal burning, which can be used in producing high strength
self-compacting concrete (SCC) due to its pozzolanic properties. This well-grained dust, primarily
composed of Al,03 and SiO,, can improve particle size distribution, increase concrete strength, and
create a compacted microstructure. It also facilitates easier displacement of aggregate grains,
making it a crucial component of self-compacting concrete mixtures. Therefore, fly ash's potential
in SCC production is significant [6]. Guo et al. [7] found that silica fume (SF) addition improves SCC
performance and is a popular replacement for concrete produced by silicon and ferrosilicon
industries. SF increases concrete's toughness, compressive, tensile, and flexural strengths and
influences elastic modulus. It also makes concrete resistant to chemical attacks, making it suitable
for marine constructions, highway bridges, and parking decks. Steel fibers are added to SCC to
improve mechanical properties, including post-cracking load bearing and energy absorption
performance. They reduce crack size, enhancing concrete strength. However, increased crack width
increases concrete permeability, promoting steel reinforcement corrosion. Fiber reinforcing
techniques enhance concrete's ductility and post-cracking resistance [8].

Fibers significantly influence the workability of freshly poured concrete, with the type, amount, and
matrix affecting the material's workability. A good fiber distribution is crucial for optimal benefits.
The better performance of hardened concrete must be balanced with the appropriate workability
of fresh concrete. The number of fibers added depends on the fiber type and mixture composition
[9]. Abid [10] investigated the behavior of Micro-steel fiber-reinforced SCCs to flexural impact.
Eight mixtures with two design grades of 30 and 50 MPa have been produced in order to
differentiate between regular and high-strength SCCs. The fiber content, which came in four
volumetric values of 0, 0.5, 0.75, and 1.0%, served as the differentiating factor for each design grade.
The study discovered that adding micro-steel fibers significantly improved impact resistance and
ductility, with higher percentage improvements in the failure stage contrasted to the cracking
stage. The largest gains for combinations of 30 MPa were 543% and 836%.

The most common deteriorating process for structural elements made of reinforced concrete is
corrosion of the steel reinforcement. Steel tends to return to its initial state (ore) by an
electrochemical process that produces iron oxides on the coating (rust) [11]. Fayaad [12] showed
that the ultimate load has been severely affected by the percentage of corrosion mass loss. In
comparison to a reference concrete beam that was not corroded, the failure load decreased by
about 14 and 27 percent, for each, as the percentage of corrosion mass loss increased by 8.25 and
14.15%. A common area of concrete researches’ nowadays is strengthening preexisting RC beams
which can effectively increase their service lives. Abdul Hameed [13] investigated damaged
concrete beam repair using fiber-reinforced self-compacting concrete (FR-SCC). According to the
study, better FR-SCC mixtures are effective at increasing the cracking stress on repaired beams,
which can prolong their life. The study also considered using polypropylene fiber PPF in SCC.
However, this study considered the use of polypropylene fiber PPF in SCC and it took only the fresh
properties to optimize their volume fraction before used it for strengthening purpose.

However, few research work has been found in the literature addressing the use of optimized SCC
for strengthening of corroded reinforced concrete beams. Therefore, the current study looks into
how to reinforce a corroded RC beam using an optimal steel fibers SCC mix. A multi-objective
optimization approach was used, considering different volume fractions of steel fibers in SCC and
their responses in both fresh and hardened properties. The tested properties included flowability,
T500, pasting ability, and segregation resistance, while the hardened properties included
compressive strength, splitting tensile strength, flexural strength, modulus of elasticity, porosity,
and absorption. The theoretical optimized volume fraction was experimentally verified and
thereafter, it was used in a SCC mix for strengthening corroded RC beam to check its flexural
behavior compared to a control beam without corrosion.
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2. Experimental Program

Ordinary concrete with a 33 MPa compressive strength at 28 days was used to cast the three
concrete beams, which were intended to fail in flexural stresses according to the ACI 318-19 [14].
An accelerated corrosion process using Faraday’s law was used to get 10% mass loss of tension
reinforcement as shown in Fig. 1. After corrosion, the beam was strengthened by applying a U-
jacket 30 mm thick layer of the optimized steel fibers reinforced SCC SFRSCC over the sandblasted
epoxy coated faces of the RC beam as shown in Fig. 2. The bond between the jacket and the surface
of corroded beam was determined using push-out test [15] as shown in Fig. 3. The result of this test
indicated that the bond strength was 3.6 MPa. The details of beams including preparation and
testing were mentioned in previous research [16]. After the beams were tested, the distractive
method was used to calculate the mass losses of corroded longitudinal rebars. In accordance with
ASTM G1-3. The bars were chemically cleaned in a solution containing a high concentration of HCI
acid to remove rust and related concrete mortar. The following formula was used to calculate mass
loss:

Mass Before Corrosion — Mass After Corrosion
Mass loss = * 100% (1)

Mass Before Corrosion

Fig. 2. (a) Side view of corroded beam(b)Top view of reference beam (c) Epoxy coating beam
before casting (d) Top view of strengthened beam with FRSCC
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Fig. 3. (a) Cutting of 5 cm-thick concrete blocks (b) casting 5cm-thick of repair concrete (c) test
setup (d) test setup diagram

2.1. Materials and Testing Program
2.1.1 Cement C.

Both normal and SCC were produced using Type I ordinary Portland cement. Its beginning and
final setting time are 140 and 210 minutes, respectively, and its specific gravity is 3.15. The features
of this cement were precisely in accordance with Iraqi requirements and Portland Cement Standard
IQSNO. 5,2019 [17].

2.1.2 Coarse Aggregate CA.

The maximum size of coarse aggregate used to prepare mixes is 12 mm,; it is natural crashed
aggregate and it has a specific gravity of 2.65. The test findings of this type of aggregate indicated
that it met Iraqi specifications IQS NO. 45, 1984 [18].

2.1.3 Fine Aggregate F.A.

Natural sand was used in this investigation. It is spherical, with a maximum size of 4.75 mm, a
specific gravity of 2.62, and a bulk density of 2600 kg/m3. This type was also identical to the same
above Iraqi standard.

2.1.4 Fly Ash FA.

FA with a 2.08 specific gravity and Blaine fineness of 380 m2/kg was used. It mainly consists of 28%
alumina and 47.7% silica. According to ASTM C 618, 2015 [19], this type of mineral filler could be
defined as class F.

2.1.5 Silica fume SF.

SF-Type Mega Add MS(D) was used. The silica fume used in this study had a specific gravity of 2.2.
According to ASTM C1240, it satisfies the standards for silica fume [20]. Table 1 shows the chemical
compositions of C, FA and SF.

Table 1. Chemical compositions of C, FA and SF.

Main oxides % Si0, Al,03 CaO Fe,03 L.O.I
C 20.06 4.80 62.95 3.35 2.30
FY 47.68 27.73 5.11 18.32 3.71
SF 94.2 0.3 0.27 0.82 3.36
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2.1.6 Superplasticizer SP.

Polycarboxylate polymer technology was used having a pH of 4 to 6 and a density of 1.07 kg/liter,
that is a high range water reducing super plasticizing admixture. It complies with ASTM C-494
Types G standards [21].

2.1.7 Micro Steel Fibers (MSF).

The steel fibers that were utilized were straight, measuring 15 mm in length and 0.2 mm in
diameter. With a minimal tensile strength of 2600 MPa, they were free of corrosion and
contaminants.

2.1.8 Epoxy Resin (Sikadure-32 LP)

This resin used as a bonding agent between a concrete jacket for strengthening and corroded RC
members. It is applied to the required surface with a thickness of less than 1 mm and has an
adhesion strength more than 3 N/mm?2

2.2. Process of Mixing/Casting and Mixing Proportions

The process of preparing fresh SCC mixes involves mixing coarse and fine aggregates in a rotary
drum mixer for one minute, followed by pre-mixing cement with CRMs (FA and SF) for two minutes.
A small amount of water was added to prevent volatilization. The mixture is then wet mixed for
two minutes, then steel fibers were added. SCC mixtures in different fiber ratios are shown in Table
2. After that slump-flow, T500, L-box, and sieve segregation resistance tests were then directly
performed. Before casting, each casting mold was thoroughly cleaned and coated with the proper
liquid. Following the completion of the concrete mixing procedure, the samples were gradually
poured into the prepared molds. On the second day, the samples had been extracted out of the
molds, 24 hours later, and put into a tank for water treatment for 28 days before being removed
until the test's age [12].

Table 2. Mix proportions in (kg/m3)

w/c C C.A F. A w FA SF SP Steel fiber %

0.4 410 764 970 165 45 45 12.5 *

* Steel fiber %= 0, 0.25, 0.5, 0.75, 1
2.3. Testing Program

Fresh concrete tests of mixes with different proportions are carried out immediately after mixing.
All fresh SCC properties were performed in accordance to EFNARC recommendations (EFNARC,
2005) [22]. According to ASTM C39/C39M [23], the BESMAK-Digital testing compression machine,
which has a maximum capacity of 2000 kN, was used. This is for determining the average
compressive strength of three-cylinder specimens that measured 100 x 200 mm. In line with ASTM
C496/C496M [24] the splitting strength of three 100 x 200 mm cylinders was assessed in the same
compressive strength machine at aloading rate of 0.94 kN/s. To find the modulus of rupture, three
prisms of 100x100x400 mm were tested using ASTM C78 standard [25].

) f(li%ompressive strength |

LY
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Porosity and water

absorption

Fig. 4. Fresh (a, b and c) and Mechanical tests (d, e, f, gand h)

The modulus of rupture or flexural strength was measured using a 200 kKN hydraulic fracture
machine with a 5.3 kN/s rate of loading. Additionally, the elastic modulus was measured in a
compressive test machine using an ASTM C469 [26] based cylinder with dimensions of (150x300)
mm at a rate of loading of 5.3 kN/s. Due to their major impact on the durability and strength of
concrete, experiments on related durability characteristics were also conducted. Following a 28-
day cure time, the average of three 100 mm cubic samples were tested for porosity and water
absorption tests in accordance with ASTM C642 [27]. The entire performed tests on SCC are shown
in Fig. 4.

3. Testing Program

It should be highlighted here that the fresh and mechanical properties of SFRSCC are extensively
studied in the literature and the main goal of the current study is not focused in this aspect. The
main idea is how to use the results of these tests as multi responses to determine the optimum Vf
of steel fibers in SCC. This can give the maximum performance for this type of concrete in an
optimized SFRSCC to be used for strengthening purposes. However, quick presentation of the
results obtained from tested properties is shown the following section.

3.1. Fresh Properties

Table 3 displays the results of fresh properties tests for each mix of SFRSCC. In general, it is evident
that the incorporating of MSF has a negative impact on rheological characteristics but a positive
impact on the sieve segregation test. However, all the results still meet with the SCC fresh
requirements according to European guidelines EFNARC [22].

Table 3. Fresh properties of SFRSCC mixes.

% Sieve
Mix ID VE% Slump Flow —  T500 L-BOX Test  Segregation
Test (mm) Test(sec)
Test
oM 0 800 2.0 0.95 7.80
0.25M 0.25 800 2.5 091 5.00
0.5M 0.5 745 3.0 0.89 4.56
075M 0.75 720 3.5 0.88 3.82
1M 1 710 3.8 0.81 3.46
_ EF.‘NARC 650-800 2-5 0.8-1 <15
limits

The slump flow data shown in Table 3 showed a clear reduction in slump flow values by about 6.8,
10, and 11.25% for the last three mixtures as compared to the reference one (without fibers).
Additionally, it was exposed that the T500 values (time to reach a flow of 500 mm) significantly
increased by 25, 50, 75, and 90% as compared to reference mix due to the addition of 0.25, 0.5, 0.75,
and 1% of steel fibers respectively. This indicates that SCC's viscosity had increased. Increasing the
internal friction between MSF and coarse aggregates might explain this phenomenon [22]. In term
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of h2/h1 values obtained from L-Box test. The listed results in Table 3 showed that the blocking
ratio (h2/h1) for SCC reinforced with MSF reduced by about 4.2, 6.3, 7.3, and 14.7%, respectively
as compared to reference mix. This showing clearly how the blocking ratio decreases steadily as
MSF increases. The obvious reason for this reduction is that MSF, particularly the large proportion
utilized of MSF, prevents the passage of coarse aggregates through steel bars in L-Box test [28, 29].

The segregation indices SI listed in Table 3 displays the effects of adding MSF on SI as a
consequence. It can be clearly seen that the incorporating of MSF greatly increases the segregation
resistance of SCC mixtures; SI values decreased by about 35.8, 41.5, 51, and 55.6% respectively.
This increase is justified by the fact that MSF forms an internal network that might prevent the
matrix movement during the sieve segregation test and hence, greatly enhance SCC segregation
resistance.

3.2. Mechanical Properties

Fig. 5 (a) illustrates the obtained compressive strength results of SFRSCC mixes. Compared to the
reference mix, the values of compressive strength are improved by 13.6, 18.9, 20.9, and 22.9%
respectively as the fiber’s contents were increased. These findings are in line with the previous
research [30]. Such improvement is justified by the function served by MSF in restricting the
development of cracks as well as by the strong connection between MSF and the SCC matrix [31].
Moreover, it is shown that the presence of MSF modified the loading failure mode. It is noted that
the plain SCC show a complete collapse in its failure mode. However, the specimens reinforced by
MSF display a more ductile failure mode with the increase of MSF content. The restriction of MSF
of concrete pieces, which helps to prevent rapid failure, is responsible for this change as shown in
Fig. 5 (b). For example, reference mix (0M) exhibited explosive failure mode. In contrast, 1M mix
which contained the highest fiber volume fraction showed completely bridging failure mode.

70
T ] oM 025M || 05M || 0.75M M
s 651
£ ]
% ]
§ 60 1 Gll
3 59,1 60,1
o ]
Z 55 1
(7,] .
o ]
g_ N
S 20 1
1 49,7
4 | =m0 BN BN =
0 0,25 0,5 0,75 1
MSF%
b
(a) (b)

Fig. 5. Compressive strength results (a) values for various amounts of steel fibers at 28 days
(b) failure mode after compressive strength test

In Fig. 6 (a) the results of the flexural and splitting strengths are displayed. It has been shown that
SCC mixtures were greatly enhanced in term of their flexural strength values. The flexural strength
values increased by 47.05, 51.4, 55.8, and 77.9% due to the incorporation of 0.25, 0.5, 0.75, and 1%
respectively. The splitting tensile strength also significantly enhanced when the MSF volume
fraction increased. These increments were: 51.2, 56.4, 64.1, and 112.8% respectively as compared
to reference SCC. As illustrated in Fig. 6 (b), MSF resists the rapid failure of plain SCC specimens by
bridging fractures sides under tensile stress. According to Fig. 6, the four-volume fractions of MSF
resulted in a rise in the modulus of elasticity of 5.7, 8.7, 13.6, and 18.3%, respectively, in comparison
to the reference mix as shown in Fig.7. The observed increases in compressive and tensile strengths
may be related to this trend. For instance, 0OM mix showed very brittle failure mode in flexural and
splitting tensile strengths, while 1M mix exhibited ductile failure mode in these two tests.
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Fig. 6. Flexural and splitting strength results (a) various amounts of steel fibers values at 28
days (b) failure mode after flexural and splitting strength test
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Fig. 7. Modulus of elasticity values for various amounts of steel fibers at 28 days

3.3. Related Durability Properties

According to the study, the values of porosity and water absorption of concrete rise with the
amount of steel fiber contained as shown in Fig. 8. This could be due to the creation of voids within
the concrete sample, which could be caused by the interruption of water flow beneath the fibers.
The number of fibers in the SCC mix has negative impact on both water absorption and porosity
results as claimed by Suleman et al. [32].

53
4,8 WA porosity
4,3 H 4,84

38 -
33 I I I
28 I 33 3,427 3,43
2,3 -
1,8 A I
131 119 122 129 1,39
0,8 ] : . : ] |

0 0,25 0,5 0,75 1

MSF%

Porosity and Water absorption
%

Fig. 8. Relationships between porosity, water absorption, and MSF for SCC mixtures
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3.4. Optimization of the Properties of SCC Mixes

Table 4 summarizes the results from the previous section for multi-objective optimization. No fiber
content can provide the best properties of fresh and mechanical simultaneously. Therefore, an
optimal fiber content between tested ratios is needed for an excellent SCC mix.
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Fig. 9. Optimization using Minitab: a) optimization steps b) optimization plot c) goal and targets
of optimization
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This mixture should have the highest flow, compressive, flexural, tensile, and elastic modulus, with
the least amount of porosity and water absorption. The results were analyzed using the Minitab
2018 statistical program Fig.9 to find the optimum ratio, which was determined to be 0.47%,
providing the most desirable characteristics.

Table 4. Summary of responses used for optimization

Modulus

Slump . . Water
Mix ID Flow 500 L-BOX % Slev.e fc (MPa) fr (MPa) ft (MPa) O.f . Por0051ty absorption
(mm) (sec) segregation elasticity (%) (%)
(GPa)
oM 800 2.0 0.95 7.80 49.755 6.831 3.985 30.24 3 1.197
0.25M 800 25 0091 5.00 56.466 10.041 50913 31.97 3.3 1.216
05M 745 3.0 0.89 4.56 59.125 10.272  6.111 329 3.427 1.29
0.75M 720 3.5 0.88 3.82 60.102 10.632  6.399 34.38 3.43 1.39
1M 710 3.8 0.81 3.46 61.07 12.057 8.274 35.78 4.84 1.75

3.5. Validation of Theoretical Optimization

The optimal mix was produced and tested in order to validate the prior theoretical multi-objective
optimization in order to check the accuracy of this optimization. In a controlled environment, the
optimal mixture was produced using a similar ingredient and amounts of the materials that were
predicted theoretically. Eq (2) is used to calculate the absolute relative deviation ARD% as a
predictability indicator [33]. Theoretical and experimental obtained results as well as ARD% are
listed in Table 5.

[Experimental — Model or Model — Experimental]
ARD% =1 — , * 100% (2)
Experimental

Table 5. Results and experimental validation of optimum mix

Type Slllll;s\}) TSO L-BOX % Sieve Fc Fr Ft Ec  Porosit Al‘)/;/ (?:[e)l‘;io
i 0
(mm) (sec) Segregation (MPa) (MPa) (MPa) (GPa) vy % n%
Exp. 750 20 09 4.2 57.23 103 7.48 32.7 3.36 1.27

Theoretical 756.68 2.96 0.898 4.39 58.85 1032 6.03 329 3.25 1.25
ARD%  99.10 52 99.77 95.47 97.16 99.80 80.61 99.38 96.72 98.42

The theoretical predicted results were very closed to the experimental ones indicating a very high
accuracy of the proposed models. The only exception is the ARD of T500 which was only 52%. The
reason might be related to the short time of this test (below 5 sec) and small change of these
seconds will affect the result considerably. These results are on line with number of previous
studies as in Mahmoud et al. and Fayad et al [34, 35].

3.6. Flexural Test Results

The experimental test results are summarized in Table 6 and include the following: the largest
crack measured for the greater fracture on the face of the beam at failure, load at first flexural crack
(Pcr), ultimate load (Pu), deflection at first crack (Acr), and deflection at ultimate load (Au).
Furthermore, the flexural stiffness (k) was determined by calculating the slope (AF/A8) of the
linear component of the load-deflection curves between 10% and 50% of the maximum load [36].
It is clear from the Table 6 that the bearing capacity of corroded beam was less than uncorroded
beam by about 9.42% as for deflection and stiffness. This reduction is a result of a decrease of the
cross-sectional area during the accelerating corrosion process. The corroded RC beam strengthens
by optimized fiber reinforced self-compacting concrete jacket increased the efficiency of bearing
capacity by 19.84%. After the reinforcing steel is yielded, the strengthening layer begins to bear
until failure, and this is consistent with the results obtained by Huang et al. [37]. The observed
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increase in deflection and crack width in the strengthened beam aligns with the expected structural
response following the application of a 30-mm SFRSCC jacket.

Table 6. Flexural test results

Change percent Max. crack

Beam ID 83\3 ((l:(g)) in Pu with ((rﬁ;g) ((r?l(;l?) V\fmiilthr&lt (icl;f;rrfrsj)
respect to BR arure
(mm)
Ref. RC Beam
(BR) 100 25 - 17.65 0.56 3.5 35.66
Ref. Corroded RC g o9 55 -9.42 1617 0.57 6.7 32.35
Beam
Strengthen
Corroded RC 108.56 40 +8.56 19.7 0.64 20 4431
Beam

The added layer alters the stiffness distribution along the beam depth, causing a downward shift of
the Neutral Axis (NA) and consequently increasing the tensile strain demand in the extreme tension
fiber. Under comparable loading, this results in larger tensile strains at the bottom surface,
naturally leading to wider flexural cracks. Importantly, the absence of delamination indicates that
the shear stresses were effectively transferred across the old-new concrete interface. The
roughened substrate surface provided mechanical interlock, while the SFRSCC jacket ensured high
bond strength and fiber-induced confinement, preventing localized interface cracking. As a result,
the jacket-substrate interface behaved monolithically, ruling out debonding failure. Instead, the
shear forces were transmitted into the strengthened section, producing two opposite diagonal
cracks at approximately 45° within the middle third of the beam. The lack of vertical mid-span
cracks excludes flexural failure, and the observed diagonal tension cracks propagating toward the
compression zone confirm that the beam reached its shear capacity, consistent with internal shear
failure in strengthened RC members as shown in Fig. 9. Based on this result, it can be concluded
that the used method for strengthening was effective. It should be highlighted that the
corresponding service crack (the crack at approximately 70% of ultimate load [38]) is equal to only
0.4 mm. Due time limitation, the long-term behavior of the strengthen system was not considered
and it needs further future research work.

Fig. 9. Failure modes
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4. Conclusion
The most significant findings from this investigation can be summed up as follows:

e Increasing fiber content has a negative impact on SFRSCC fresh characteristics, with the
exception of the sieve segregation test.

e Compressive strength and elastic modulus of SFRSCC mixes slightly increased as steel fiber
content increased; however, significant improvement be recorded in tensile test results at
the same volume fractions of steel fibers.

e The obtained results suggested that increase of micro steel fiber content raised the flexural
strength significantly and changed the failure mode to be more ductile.

e The porosity and water absorption values considerably increased with the proportion of
steel fiber content in particular, at 1% Vf. Porosity and absorption were greater by 61.3%
and 46.2%, respectively for this mix as compared to control one.

¢ Based on the multi objective optimization results, the optimum theoretical steel fiber content
for SCC was 0.47%, which provided good mechanical strength and durability features. These
data were produced using statistical software and optimization (Minitab 2018).

e Based on the tests for the theoretical optimized mixture, the theoretical value of Vf (0.47%)
was verified experimentally to give the same expected performance

e The experimental results of mass loss were exactly similar to those of theoretical calculation
using Faraday’s law with 10%.

e The bearing capacity of corroded beam was less than uncorroded beam by about 9.42%.

e The bearing capacity of corroded RC beam strengthens by fiber reinforced self-compacting
concrete jacket increased by 19.84% compared to corroded one.

o The first crack appeared in the strengthened beam only after the load reached 40 MPa, unlike
the non-corroded and corroded reference beams where the first crack appeared at a load of
25 MPa.

e The strengthened beam exhibited a shear-controlled failure mode.

e Corroded reinforced concrete beams can probably be strengthened using U-jacket of
optimized FRSCC mix which can be considered as an efficient strengthening technique.

e Investigating the efficiency of using fiber reinforced high strength lightweight concrete for
strengthening corroded beams need to be studied.
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