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ABSTRACT
The slurry infiltrated fiber concrete (SIFCON) is nowadays considered a special type of high fiber

content concrete; it is high strength and high performance material. This paper investigates the
effect of spread steel fiber into the slurry mortar on some properties of SIFCON. According to
fiber distribution, two sets were used in this investigation. The first set consisted of randomly
distributing fibers inside the slurry. The second set was by placing the fibers in an orderly manner
inside the slurry. Crimped steel fibers with an aspect ratio of (60) were used. Two different volume
fractions percentage of (7% and 9%) by volume of mold were used in both sets for this study.
Also, a w/c ratio of (0.35) and superplasticizer of (1%) by weight of cement was used to ensure
the penetration of the slurry inside the fibers. The compressive and flexural strength were
conducted on standard cubes (10*10*10) cm and prisms of (40*7*7) cm respectively to find the
effect of how the steel fibers were distributed. The results showed that distributing the fibers
randomly gave better results than the ordered distribution. The increment percentage in
compressive strength and flexural strength were (1.5%, 6.9%, 23%, and 6.5%), respectively, for
both sets and both fiber volume fractions (7% and 9%).

Keywords: Slurry infiltrated concrete, spread steel fiber, randomly distributing, ordered
distributing, crimped steel fibers.

*Corresponding author

Peer review under the responsibility of University of Baghdad.
https://doi.org/10.31026/j.eng.2022.04.05

This is an open access article under the CC BY4 license http://creativecommons.org/licenses/by /4.0/).
Article received: 9/9/2021

Article accepted: 28/ 11/2021

Article published: 1/4/ 2022

64


http://www.joe.uobaghdad.edu.iq/
http://creativecommons.org/licenses/by%20/4.0/
mailto:a.najib1101@coeng.uobaghdad.edu.iq
mailto:nada.aljalawi@coeng.uobaghdad.edu.iq

Number 4  Volume 28 April 2022 Journal of Engineering

Fupuaiiall Al iluidl) palsd (an e calual) Gl g il

AT JELTRRPEY Gual Bhsa 51,00
B TS ediga
DAl

(G e el i) 3 Bl Al e Lald 1253 palal) gl & (SIFCON) dyyeiall Gpall) Ailjall e
Bale Galss Gamn e IO 8 L QL) il Eh cnd) e Gon el Alles 553l Adle 5ol ay
Wlgde Lgayst o5 Ll e (685 J6Y) e ganall cCandl 130 3 LYY ajsil By (yic gana aladinl o5 . (SIFCON)
ape Ay Banae 308 L Alasia) 5 L JDlall iy Ay Aoyl G aa gy cul€ A de gandlly DLl il
& LS bl oda asal (e sanal) AS 3 QI aas as (19 5 27) Cpilide Ofisens G aladial 3. (60)
Jalas plewal Caexsliod) Criaall (g (e i) Cpalall 8ol (g (%1) G 5 (0.35) 4l i ) sla dasi plasiud
40) cysiiing aus (10 * 10 * 10) Gl ileeSe Ao olind) 5585 Laliaai¥) daglia sha) & L1 Jals LD
hel G Hgdall sl of bl cojelal L GV aisi lgs o5 Y Al 8k ddjedd Jgill e an (7% 7 #
6.9 J1.5) ol ashy Lalical¥) Laglie 8 52U s Jiah il ity Gl alatall sl (e Jucadl il
sl Ao (79 5 7XT) Gwadl) IS 5 (e ganall S gl e (76.5 5723

anaall LI LIV calaidll wygil ¢ Slodall misill Al LYY s e putial) AilAl) Aty cilalsl)

1. INTRODUCTION

The real work requirements in the sites in general and the rapid development witnessed by life in
various aspects caused an urgent need to find new types of concrete that serve the practical work
at a lower cost and faster time. So, theoretical research worked through building materials and
sustainable and additives materials of all kinds to develop and find types other than normal
concrete, one of these types is Slurry Infiltrated Fiber Concrete (SIFCON).

SIFCON can be considered as advanced material with high performance. Also, it is considered a
special type of Steel Fiber Reinforced Concrete ( Giridhar, R., and Rao, P. R. M., 2015).

In addition, SIFCON is high strength material containing fiber in high percentage volume
compared with steel fiber reinforced concrete. Prof. Lankard proved that one could obtain a
material with extremely high strength if the proportion of steel fibers in the cement slurry can be
greatly increased, which he termed as SIFCON (Dagar, 2012).

SIFCON could be considered as active alternative building construction materials for applications
where concrete or steel fiber reinforced concrete could not perform as per prospective by the
operator or when high strength and ductility required. According to (Soylu and Bingdl, 2019,
Parameswaran, V.S., 2009) SIFCON used in

1- Precast concrete products.

2- Bridge decks.

3- Explosive and seismic resistant structures.

4- Safety concrete applications like safety cabinets, strong chambers etc.
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5- Heat resistant applications like furnace lintels and soak-pit covers.

6- Military applications like underground shelters.

7- Primary shielding for nuclear containment.

8- Strengthening, rehabilitation, and repair of structures.

9- Rapid repair work.

10- Massive concrete structures such as marine and long span structures etc. For the previously
mentioned application, SIFCON is used due to its great properties such as high strength, crack
resistance, ductility, impact resistance, and penetration compared to other materials.

2. LITERATURE REVIEW

(Al-Jalawi, 2009) described the characteristics of high-performance concrete reinforced with a
rather high proportion of sliced carbon fibers volume fraction ranging from (1 to 5%). The main
benefit of such compounds was comparatively high flexural strength. To keep the cement mix
workable, 0.3 w/c ratio with superplasticizer was utilized. A locally available pozzolan based on
reactive meta-kaolin was mixed within the silica sand to enhance the characteristics. High modulus
carbon fibers (450 KN/mm?) were also utilized. Flexural strength was determined. The results
demonstrated that the specimens failed flexural by a single fracture, despite the fact that the
composite's ultimate tensile strength and stiffness improved as the fiber content increased.
(Al-Jalawi and Sara Alaa, 2013) investigated the effect of introducing steel fiber with a volume
fraction of (0.5, 0.75, and 1% by concrete volume) with an aspect ratio (100) on the mechanical
characteristics of concrete. The experiments were carried out on concrete specimens (cubes and
prisms) and steel fibers reinforced concrete subjected to water curing. All of the mixes contained
the same volumetric percent of coarse and fine aggregate, as well as the same quantity of water,
leading to a consistent W/C of (0.54) for all mixtures. According to the results, the greatest
increment percent for compressive strength of steel fibers reinforced concrete samples with
volume fractions of (0.5, 0.75, and 1% ) and continually cured in water at 90 days was (8, 11.1,
and 17.1 % ) as compared to reference concrete. The flexural strength of water-cured prisms
enhanced as the curing duration increased. At 90 days of curing, the maximum increases were
(30.4, 36.8, and 44.3%) for plain and fiber reinforced concrete with volume fractions of (0.5, 0.75,
and 1%) treated with water.

(Giridhar, R., and Rao, P. R. M., 2015) used two types of steel fiber with a length of 3.5 cm and
5 cm, with deferent percentages of (4, 6, and 8)% by volume. The results showed that the shortest
length fibers' compressive strength was more than that of 5 cm length fibers.

(Salih et al., 2018) used steel fiber of hooked-end having a diameter of 0.07 cm and 3.5 cm length,
with an aspect ratio of 50. The fibers are orientated randomly in the slurry matrix. The investigators
tested compressive strength for SIFCON on standard cubes of (10*10*10) cm at age of 7 and 28
days for slurry that has no silica fume. Steel fiber was used with percentages of (6%,8.5%, and
11%) by volume. The results show that when the steel fiber volume fraction increases, the
compressive strength also increases by (5.2%, 12%, 5.7%, and 8.2%) respectively.

(Al-Abdalay et al., 2020) used micro steel fiber (6 %) by volume; the fiber were randomly
distributed in molds by hand. The aspect ratio was 65. Regarding the flexural strength test, the
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specimens were tested after curing (7, 28, and 90) days, and the average reading of two samples
was taken. It is clear that substantial improvement in flexural strength was about (1.36, 1.45, and
1.54) percentage at the age of (7, 28, and 90) days respectively when the outcomes of SIFCON
samples were compared to the results of reference samples. This was due to the large and strong
interface between the micro steel fibers and the binder, which increased bond strength and reduced
the development of microfractures, resulting in flexural failure.

(Al-Jalawi, 2021) conducted an experiment to explore various mechanical characteristics of
Reactive Powder Concrete. Compressive strength, flexural strength, and density are illustrations
of these characteristics. The influence of high steel fibers volume fractions (0, 14, 28 % by volume
of concrete) layer and (0, 7, 14 % by volume of concrete) random was thoroughly investigated. As
a partial replacement by weight of cement, 10% silica fume was used. Also, the Sika ViscoCrete-
5930 superplasticizer was used. The experimental study indicated that increasing the volume of
steel fibers by 0%, 14%, and 28% (layer) decreased the compressive strength while increasing
tensile strength and density. The increase in steel fibers volume 0%, 7%, and 14% (random)
decreases the compressive strength while increasing tensile strength and density.

This study aims to clarify the effect of fibers when randomly and ordered distributing and to
compare which one gives better results.

3. EXPERIMENTAL WORK

This part explains the materials used for the experimental work. All the experimental work has
been executed in the Laboratory of the Civil Engineering Department in the University of
Baghdad.

- Ordinary Portland cement (OPC) type 42.5R conforms to the (IQS No. 5, 2019) utilize. The
physical properties and chemical composition are given in Table 1 and Table 2,
respectively.

- Sand conforms to the limits of (1QS No(45), 1980) within zone 4 is used in this study.

- Crimped steel fiber with circular cross-section of length 6 cm and diameter of 0.1 cm, with
60 aspect ratio is used. Table 3 describes the properties of the steel fibers, and Figure 1
shows its shape.

- Tap water compatibles to the (1QS 1703, 2018) is employed for the mixtures.

- Superplasticizer Sika ViscoCrete — 1316 Hi-Tech, high range water reducing (Sika's
ViscoCrete polycarboxylate polymer technology (3rd Generation)) is used. Table 4 shows
the superplasticizer properties.

Table 1. Physical properties for OPC.
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Test Limits of (1QS No. 5,
Property Results 2019) for Ordinary
Portland Cement
Initial 140 Min. 45
i (mins)
Setting time Final
. 205 Max. 10 hrs.
(mins)
Compressive 2 days 23 >20
strength (MPa)
at age 28days 42.80 >42.50

Table 2. Chemical Composition for OPC.

Test Limits of (1QS No. 5,
Property Type 2019) for Ordinary
Portland Cement
SiO2 (%) 27.04 Not Limited
Al203 (%) 4.28 Not Limited
Fe203 (%) 4.50 Not Limited
Ca0 (%) 59.02 Not Limited
MgO (%) 2.55 Max. 5
<
SO3 C?SO_/o apl;)llci)::able 2.0
(%) Max. C;'z;o 2.48 2.80
Loss on Ignition (%) 3.46 Max. 4
Insoluble residue (%) 0.58 Max. 1.50
CsS (%) 44.00 Not limited
C2S (%) 30.50 Not limited
CsA (%) 3.60 Not limited
C4AF (%) 11.65 Not limited

Table 3. Steel fiber properties.
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Type of Cross- Length, Diameter, Aspect Density -::esr:;h
: . . :
Fiber section I (mm) d (mm) ratio, I/d | (Kg/m?3) (MPa)
Crimped Circular 60 1 60 7870 >800

NOTE: 1 According to the importing company.

Figure 1. Crimped steel fiber.

Table 4 .Sika

Superplasticizer Properties.

Appearance / Color

Light brownish liquid

Specific gravity 1.100 + (0.005) g/cm?
PH - Value 4-6
Total chloride ion content Nil

Recommended dosage

1- For plastic Concrete (0.5-1%) by weight of
Binder (500-1000gm) for 100 kg cement.

2- For Flow and Self Compacting Concrete (1-
1.5%) by weight of Binder (1000-1500gm) for 100

kg cement.

Approvals / Certificates

Sika ViscoCrete — 1316 Hi-Tech meets the
(ASTM C494, 2017) Type D and G.

NOTE: 2 As the datasheet of the manufacturer.

4. MIX DESIGN AND PROCEDURE
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For this work, 1:1 cement to sand by volume, W/C = 0.35 by weight of cement, and the
superplasticizer = 1% by weight of cement were used. Two percentages of fibers (7% and 9%)
by volume of mold were selected and utilized once with order arrangement inside the molds.
The other was randomly arranged for testing compressive and flexural strength. For the SIFCON
work, cement and sand have been mixed together in their dry state. In a bowl, the SP has been
added to the water and mixed until a homogeneous solution has been obtained. The water with
SP was added gradually to the dried materials and mixed by hand until having a good slurry
mixture. All the molds were cleaned and oiled before it was cast for the casting procedure. For
the cubes (10*10*10) cm and the prisms (40*7*7) cm, a thin slurry layer had first poured in the
molds, and the crimped steel fiber was distributed once in order. The other was random; another
layer of the slurry was poured over the fibers and infiltrated it. This process was repeated three
times for each mold. That means each mold had four layers of slurry with three layers of steel
fiber between it. The molds were compacted by lightly knocking on the outer face of the mold
to ensure the slurry infiltration without any honeycombs inside the specimen. There was no need
to level the top surface of the specimens because the mixture was slurry and took a leveled face
on its own. After demolding, all the specimens were placed and immersed in a basin containing
tap water at room temperature for the curing process according to (ASTM C192, 2016) until
testing time.

5. HARDENED CONCRETE TESTS
5.1 Compressive Strength Test

The compressive strength test was conducted according to (BS EN 12390-4, 2000) using
(10*10*10) cm cubes. This test was conducted using the standard test machine. The average of
three cubes was taken as the final result for each group of the two percentages of steel fiber at
ages (7 and 28) days.

5.2 Flexural strength test

The flexural strength test was held according to (BS EN 12390-5, 2000) using (40*7*7) cm
prisms. This test was conducted using the standard test machine; the prims' average was taken
as the final result at ages (7 and 28) days.

6. RESULTS AND DISCUSSION
6.1 Compressive Strength Test Result

The cubes (10*10*10) cm prepared for the compressive test were inspected at the age of (7 and
28) days. Two percentages of steel fiber (7% and 9%) were used for both random and ordered
distribution. The results show that the compressive strength is affected by way of distributing
the fiber (randomly or ordered) for the same fiber volume. From the results shown in Table 5
and Figure 2. It is clear that the compressive strength is higher when the fibers are randomly
distributed than if they are arranged in an orderly manner. This is because the compressive
strength is affected by the interlocking of fibers. The interlocking of the fibers was more when
fibers were randomly distributed than in arranged manner because of the crimped shape of the
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fibers used. In other words, the overlap between the fibers network, which is crimped, that made
it increased the compressive strength of the specimens in which the fibers were randomly
distributed.

In addition, when the fiber volume increases, the compressive strength increases according to
how fiber has distributed [which is higher in random distribution according to the results shown
in Figure 3 for both curing ages (7 and 28) days. This is agreed with previous researchers such
as (Giridhar, R., and Rao, P. R. M., 2015; Salih et al., 2018b; Soylu and Bingél, 2019) and
others.

The outcomes of this study are higher than (Al-jalawi, 2021) when comparing the compressive
strength results due to the fibers type differences.

Figure 4 shows the compressive strength sample after testing.
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Figure 2. Relationship between Compressive strength and age of curing for (7% and 9%b)
fiber volume.
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Figure 3. Relationship between Compressive strength and FV%o at the age of (7 and 28)
days curing.

Figure 4. Compressive strength sample after testing.
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6.2 Flexural Strength Test Result

During the flexural test, the specimens showed that fibers do not have any distortion during the
rupture of the specimens. They have been separated from the hardened slurry, which declares that
the adhesion between the fibers and the hardened slurry has been overtaken. In spite of that, the
adhesion was great between the hardened slurry and the fibers. This is agreed with (Ipek and
Aksu, 2019).

The prisms (40*7*7) cm prepared for the flexural test was tested at age of (7 and 28) days,
respectively, with two percentage of steel fiber (7% and 9%) for both random and ordered
distribution. The results obtained in Table 5 show that the flexural strength is influenced by the
way of distributing the fiber (randomly or ordered) for a similar fiber volume. From the results
shown in Table 5, it seems obvious that the flexural strength is higher in randomly distributed
fibers than that arranged in an orderly manner. This is due to the highly connected zone between
slurry and fibers that enhance the bonding strength and decreases the development of micro-cracks,
which drive to flexural failure, and this is agreed with (Salih et al., 2018).

Moreover, the flexural strength increases with fiber volume, according to the way distributing
fibers, which is greater in random distribution than in an ordered manner according to the results
shown in (Figure 6) for both curing ages (7 and 28) days.

When comparing the outcomes of this study with (Al-jalawi, 2021), one can find that the results
in Al-jalawi study are better for flexural strength, except for the 9% fibers randomly distributed in
this study which gives better results.

Figure 7 shows the flexural strength sample after testing.

25
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Figure 5. Relationship between Flexural strength and age of curing for (7% and 9%) fiber
volume.
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Figure 6. Relationship between Flexural strength and FVV% at age of (7 and 28) days
curing.

Figure 7. Flexural strength sample after testing.
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Table 5. Represent the results of compressive and flexural strength for both sets.

Distributi
on method

Random Distribution

Ordered distribution

Compressive strength
(MPa)

Age (day)

Age (day)

7 (day) 28 (day)

7 (day) 28 (day)

FV7% | FV9% | FV 7% | FV 9%

FV7% | FV9% | FV 7% | FV 9%

31.251 | 35.649 | 48.366 | 55.173

30.788 | 33.334 | 47.649 51.590

Flexural strength (MPa)

Age (day)

Age (day)

7 (day) 28 (day)

7 (day) 28 (day)

FV7% | FV9% | FV 7% | FV 9%

FV7% | FV9% | FV7% | FV 9%

15.860 20 18.765 | 23.663

12.886 | 18.775 | 15.246 22.214

7.CONCLUSIONS

In this paper, it was found that:

1- Regarding the compressive strength, it was greater when the fibers were randomly distributed
than when they were arranged in an orderly manner. The increment percentage was (1.5% and
6.9%) for both sets and both ages (7 and 28) days, respectively. That means the compressive
strength depends on the method the fibers are arranged within the specimens and the fibers volume
content in them.

2- For the flexural strength, the results showed that when the fibers were randomly distributed, it
gave a higher flexural strength rather than distributed in an orderly manner, the increment
percentage was (23% and 6.52%) for both sets and both ages (7 and 28) days respectively. That
means the method of arranging fibers within the specimens affected the flexural strength and the
fibers volume content in them.
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