
Research Article
Mixture Design Study of Fiber-Reinforced Self-Compacting
Concrete for Prefabricated Street Light Post Structures

Wael Zatar1 and Tu Nguyen 2

1College of Engineering and Computer Sciences, Marshall University, Huntington, WV 25755, USA
2Marshall University Research Corporation, Marshall University, Huntington, WV 25755, USA

Correspondence should be addressed to Tu Nguyen; nguyent@marshall.edu

Received 10 April 2020; Revised 18 May 2020; Accepted 26 May 2020; Published 15 June 2020

Academic Editor: Andreas Lampropoulos

Copyright © 2020Wael Zatar and Tu Nguyen.(is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

In recent years, there has been an increasing demand to produce strong precast street light posts that are aesthetically pleasing.
(is study presents experimental results of a considerable number of mixture designs for fabricating precast street light posts
where fiber-reinforced self-compacting concrete (FRSCC) was employed. (e performance of many FRSCC mixtures was
evaluated in terms of their structural properties and aesthetic characteristics. A trial-and-error procedure was performed for a
series of FRSCC mixtures where silica fume, fly ash, and fibers were used. Slump flow and air content tests were conducted to
determine the fresh FRSCC properties, and specimens were cast to evaluate their aesthetic. (ree-day and seven-day compression
tests were performed to examine the FRSCC hardened properties.(e amount of cement in all batches was kept constant, whereas
the distributions of fine and coarse aggregates, water, and other admixtures were adjusted. (e largest slump flow of 73.7 cm
(29 in) was recorded, and the maximum three-day compressive strength was 43MPa (6209 psi). Further refinement of the
mixtures, which displayed the best strength and aesthetic attributes, was performed. Test results of the selected FRSCC mixtures
indicated an excellent slump flow, air content, and compression values while achieving advantageous aesthetic qualities. Seven-
day compressive strength of 39MPa (5686 psi) with the air content of 4.8 percent and the slump flow of 66 cm (26 in) was
recorded.(e study results and the developed FRSCCmixes can be used for mass production of precast concrete street light posts
in precast plants.

1. Introduction

Precast concrete components for architectural applications
often require a defect-free surface, colorful appearance, and
high compressive strength. Self-compacting concrete (SCC)
is an excellent candidate for such architectural expectations.
White or colored concrete can be made with available white
Portland cement, thus allowing the architectural design of
artistic precast concrete elements without the need for ad-
ditional painting materials. SCC is a highly flowable, non-
segregating concrete that can flow through tight
reinforcement without mechanical consolidation [1]. (e
American Society for Testing and Materials (ASTM) stan-
dard defines SCC as “Concrete that can flow around rein-
forcement and consolidate under its own weight without
additional effort and without exceeding specified limits of

segregation” [2]. Since the early expansion of SCC in the
1980s in Japan [3–5], the use of SCC has grown tremen-
dously for repair, on-site, and precast concrete applications
internationally [6–11].

Fibers such as polypropylene, glass, and steel are typi-
cally added to themixture to improve the cracking resistance
ability of SCC under the effects of plastic and drying
shrinkage. As per the finding in ACI 544.5R-10 report [12],
the width of plastic shrinkage cracks reduced significantly
with FRSCC using thin diameter fibers compared to that of
FRSCC using thick fibers. (e added fibers into the SCC
mixture also reduced the permeability of FRSCC [13]. Re-
searchers have investigated the effects of fibers on the me-
chanical properties of FRSCC. As an example, El-Dieb [14]
investigated the effects of steel fibers on the ductility of
FRSCC. Findings from the study revealed that the ductility
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of FRSCC significantly improved with the increasing
amount of steel fiber in the mixture.

Unlike conventional concrete, a well-designed SCC mix
must satisfy three functional requirements: filling ability,
passing ability, and resistance to segregation [1]. To obtain
the SCC design mix with those required properties, three
basic mixture-proportioning approaches have been devel-
oped: (i) high powder content and high range water reducer
admixture (HRWRA), (ii) low powder content with
HRWRA and viscosity-modifying admixtures (VMAs), and
(iii) moderate powder content with HRWRA and VMA dose
[1]. (e first practice uses a higher amount of cementitious
materials, whereas the second approach utilizes VMA to
control the fresh FRSCC properties. (e last one is a
combination of the two previous approaches.

One of the first SCC mixture design methods was
proposed by Okamura and Ozawa [5]. (e procedure in this
method fixes the coarse aggregate and fine aggregate content
and adjusts the amount of admixture as well as the water/
cement ratio to obtain the desired mix. American Concrete
Institute (ACI) provided guidelines for SCC mixture design
using an adapted version of Okamura and Ozawa’s tech-
nique.(e details of this method can be found in [1], and the
necessary steps [15] were summarized as follows: (i) de-
termine the appropriate slump flow requirements, (ii) select
the appropriate maximum size coarse aggregate and coarse
aggregate content, (iii) estimate the required cementitious/
powder content, (iv) calculate the paste and mortar volumes,
(v) select the appropriate admixtures for use, (vi) batch trial
mixtures, (vii) test the mixture for the required fresh and
hardened properties, and (viii) adjust the proportions,
rebatch, and test again.

Another significant method for SCC mixture design was
developed by Su et al. [16]. (is mix design method focused
on filling the paste binders into voids of the aggregate. In
other words, the proposed mix design method aimed to
reduce the voids in the loose aggregate. By applying this
method for SCC mix design, the passing ability of fresh SCC
can be improved. In addition, the volume of sand to mortar
also increased to the range of 54 to 60 percent, which was
higher than that of Okamura and Ozawa’s technique;
therefore, it can be considered a cost-effective mix design
method.

Regarding the mixture design of the FRSCC, intensive
work has been implemented. For example, Khaloo et al.
[17] studied two mixture designs with a strength of
40MPa and 60MPa, respectively. (e steel fiber volume of
0.5%, 1%, 1.5%, and 2% was used. In another study, de la
Rosa et al. [18] proposed a novel proportioning meth-
odology for the mixed design of FRSCC with the fiber
content up to 1% and the compressive strength between 30
and 80MPa. A detailed description of a mix design
method for FRSCC was also found in research conducted
by Ferrara et al. [19].

It is worth noting that FRSCC is a special class of SCC,
and FRSCC can be produced with various materials [20–22].
As a result, no definite mixture design can provide the
optimum solution for all applications. It is necessary to
modify the FRSCC formulation prior to every project. For

this reason, an experimental work based on the procedure
mentioned above [15] has been carried out to design an
FRSCC mixture that can be used for fabricating precast
concrete street light posts in the city of Huntington, WV.
(e project required designing and testing of FRSCC mixes
that would provide a smooth appearance, defect-free surface,
and high compressive strength to resist cracking.

Fiber-reinforced self-compacting concrete was selected for
the construction of this project based on the requirement of the
concrete to take the shape of the intricate details of the molds.
It is essential to mention that conventional concrete mixes did
not yield the elaborate artistic detail needed for this project.
Since the aesthetic qualities are of such great importance in the
beautification of the historic city of Huntington, high-per-
formance concrete was necessary due to its workability without
increasing water content or sacrificing strength.

2. Experimental Setup

2.1. Material Preparation. Cement and aggregate are two
crucial ingredients for FRSCC mixtures. Cement used for
this study was selected following ASTM C150 [23]. And to
meet the architectural requirement, the same type of cement
from an identical brand was used. (e amount of cement
was picked between 386 and 475 kg/m3 (650 and 800 lb./yd3)
for precast components following ACI recommendations
[1]. Aggregate was selected following ASTM C33 [24] with
the maximum size of 1.25 cm (1/2 in). Other elements such
as fly ash and silica fume were added to improve the
workability, durability, and strength of FRSCC. Fly ash
added to the FRSCC mix was in accordance with ASTM
C618 [25]. As suggested by Florida DOT [26], the amount of
fly ash ranged from 18 to 22 percent by mass of cement.
Silica fume between seven and nine percent by mass of
cement was used for the SSC mixtures to improve resistance
to segregation and bleeding.

Superplasticizer was used in order to guarantee the
FRSCC is flowable under its own mass. (e use of HRWRA
conforms to the requirements of ASTM C1017 [27]. Besides,
VMAwas added in the FRSCCmixtures as well to ensure the
stability of fresh concrete.(e amount of VMAwas adjusted
after each FRSCC batch to obtain the designed level of
stability. In addition, air-entraining admixtures (AEAs)
which met the requirements of ASTM C260 [28] were used
for FRSCC mixtures to increase the resistance of the con-
crete to the freeze-thaw damage.

Polypropylene fibers ranging from 0.25 to 0.5 percent by
volume were used to prevent concrete cracking due to plastic
shrinkage. (e application of this type of fiber in concrete
has some advantages, such as no water demand and a high
chemical attacked resistance. (e properties of the fiber are
presented in Table 1. Detailed information about the
components for 14 selected FRSCC mixtures designed for a
volume of 1m3 is shown in Table 2.

2.2. Mixture Procedure. A trial-and-error procedure was
performed to obtain an optimal FRSCC mixture that meets
the required properties. To make an FRSCC batch, the
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ingredients were first weighed, and the air-entraining ad-
mixture was placed into the sand before mixing. (e gravel
and air-entrained sand were then added to the mixer. (ree-
quarters of total water was added to saturate the aggregate
and form slurry. (e remaining water was divided into three
portions, which were used for saturation of the three ce-
mentitious materials, namely, silica fume, cement, and fly
ash.

(e silica fume was added along with the first portion of
the remaining water to the saturated aggregate. Once the
silica fume was saturated and mixed into the slurry, the
cement was added with the second portion of the remaining
water. (en, the fly ash was added along with the remaining
one-third of the water. At this point, all aggregates, ce-
mentitious materials, and water were in the mixer.(e fibers
were, then, added to the ingredients. Once the fibers were
well distributed throughout the concrete, the super-
plasticizer (HRWRA) was added and left to mix for ap-
proximately five minutes. In the last step, the VMA was
added and allowed to mix for five minutes before tests were
performed. (e mixing time in all batches was around 20 to
30 minutes.

2.3. Testing Objectives. (e purpose of this study was to
design an FRSCC mixture that can be used for mass fab-
rication of precast concrete street light posts. (e mixture
should provide a smooth appearance, no visual defect on the
surface, and a high compressive strength. In order to meet
these requirements, tests were performed for each batch of
the FRSCC mixtures. (e first series of fresh FRSCC tests
were slump flow and air content tests. (e second series of
tests were the compression tests, which were conducted for
FRSCC specimens after three days and seven days of curing.
(e expected 7-day compressive strength of concrete was in
the range between 35 and 50MPa (5000 and 7200 psi). (e

target range for the slump flow of the fresh concrete was 51
to 64 cm (20 to 25 in), and the air content goals for the fresh
FRSCC were from three to five percent.

2.4. Testing Procedure. To determine the filling ability of
FRSCC, the slump flow test procedure, as presented in [29],
was applied for each batch in this study. (e test measures
the relative flowability of the FRSCC mixture using an
inverted slump flow cone. (e slump flow cone was filled on
a flat surface with no rodding or other consolidation
methods and then lifted from the floor, allowing the concrete
to flow outward. (e diameter of the concrete was measured
from various directions to obtain and the average value for
the slump flow. Since the reinforcement configuration of the
street light post structures was not tight, the passing ability
(J-ring test) and the segregation resistance (V-funnel test) of
the SCC mixtures were less critical. It should be pointed out
that the J-ring and V-funnel tests are critical in all situations
where there is crowding of reinforcing bars (such as con-
nection areas).

Another crucial property of fresh FRSCC is the air
entrainment, which is essential since the concrete will be
directly exposed to freeze-thaw cycles throughout its life-
time. Air content tests were performed for fresh concrete to
make sure concrete can resist the frost-related damage. In
this study, the pressure method [30] was used to measure the
air content in the fresh FRSCC due to its relative speed
compared to other methods.

To determine the mechanical properties of materials,
different methods can be used [31–34]. In this study,
compression tests were performed using standard cylinder
specimens of 150mm in diameter and 300mm in height
(6×12 in) to determine the compressive strength of FRSCC.
For each FRSCC batch, a set of three specimens was made by
filling the cylinders without rodding. After removing from

Table 1: Fiber properties.

Length (mm) Diameter (mm) Tensile strength (MPa) Modulus of elasticity (GPa) Specific surface (m2/kg) Density (kg/cm3)
30–50 0.30–0.35 547–658 3.50–7.50 91 0.9

Table 2: Material proportions for FRSCC mixtures.

Batch Cement
(kg)

Fly ash
(kg)

Silica fume
(kg)

Sand
(kg)

Gravel
(kg)

Fibers
(kg)

Water
(kg)

AEA
(ml)

HRWRA
(ml)

VMA
(ml)

1 448 119 28 761 791 2.98 215 62 3288 132
2 448 119 28 719 749 2.98 185 78 3288 132
3 448 119 28 683 813 2.98 215 105 4086 272
4 448 119 28 683 813 2.98 215 93 4086 272
5 448 119 28 683 813 2.98 179 93 4358 272
6 448 91 57 689 813 2.98 197 78 4358 272
7 448 119 28 683 813 2.98 197 47 4358 272
8 448 119 28 683 813 2.98 197 156 4358 389
9 448 119 28 683 813 2.98 197 93 4475 525
10 448 119 28 683 813 2.98 197 93 4358 545
11 448 119 28 683 813 2.98 197 93 4736 525
12 448 119 28 683 813 2.98 215 93 4475 876
13 448 119 28 683 813 2.98 215 93 4358 545
14 448 119 28 683 813 2.98 209 93 4747 545
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the mold, the specimens were cured in water until the
compression tests were carried out. (e traditional com-
pression testing procedures [35] were followed to obtain the
three-day and seven-day compressive strength of the FRSCC
mixtures.

3. Results and Discussion

3.1.MixtureAdoption. As can be seen in Table 2, for the first
batch, the mix employed 62ml (2.09 oz) of AEA, 3.29 l
(112 oz) of HRWRA, and 132ml (4.46 oz) of VMA. (e
amount of gravel was set to 54 percent of the total aggregate
to facilitate a high compressive strength. (e water/cement
ratio was 0.36 to achieve complete hydration while reducing
the water content enough to gain adequate strength. Batch 1
exhibited acceptable slump flow, air content, and com-
pressive strength for the needs of this project.

In batch 2, the AEA was increased from 62ml (2.09 oz)
to 78ml (2.63 oz), the water was reduced from 215 kg
(473 lbs.) to 185 kg (407 lbs.) to gain more strength, and
42 kg (92 lbs.) of both sand and gravel was excluded from the
mix. (e rest of the mix proportions remained unchanged
from batch 1. Batch 2 exhibited a slump flow reduction of
8.89 cm (3.5 in) to 50.8 cm (20 in) in total. (e air content
was lower than that of batch 1 with an additional 16ml
(0.57 oz) of AEA, which may have been a result of a quicker
mix time than batch 1. (e reduction of water resulted in a
decreased slump flow without affecting the compressive
strength.

It is worth noting that the performance of the FRSCC
mixture in batch 5 was close to ideal with a slump flow of
58.4 cm (23 in) and an amount of air content of six percent.
(e compressive strength was the strongest of all the mixes
tested. (is mix exhibited the worst aesthetic features of all
the mixes. (is downside was improved, and the desired
mixture was achieved in batch 14. By taking advantage of the
previous batches, the water in batch 14 was reduced from
215 kg (473 lbs.) to 209 kg (460 lbs.) to improve strength.(e
superplasticizer was increased from 4.36l (147 oz) to 4.75l
(160 oz) to achieve a larger diameter slump flow and in-
creased workability. (e test results from this batch showed
a good slump flow, air content, and compression values with
an acceptable aesthetic.

3.2. Slump Flow and Air Content. Table 3 presents the ex-
perimental results from the slump flow test. (e range of
slump flow from the majority batches fell between 50 cm
(20 in) and 70 cm (28 in), which was in line with the rec-
ommendation of Nagataki and Fujiwara [36] for high
flowable concrete. (e slump flow varied significantly from
batch to batch. (e record low of slump flow was 50.8 cm
(20 in) for concrete in batch 2. (e reason for this low value
might be due to the reduction of water in the mixture while
other ingredients remained constant. (e maximum slump
flow of 73.7 cm (28.7 in) was found in batch 12. An increase
in the amount of VMA from 525ml (previous batch) to
876ml while keeping other components the same would be a
cause for an increase of slump flow in batch 12.

With respect to the air content test, the experimental
results are presented in Table 3. As can be seen from the
table, the air content of the concrete mixtures varied
within 5 ± 2 percent. (e wide range of air content might
be due to a large amount of HRWRA used in the SCC
mixtures. (e air content of SCC mixtures in this study,
however, stayed within the expected ranges. It is worth
noting that the maximum air content of 6.2 percent was
found in batch 3. (e number was reasonable compared to
the results found in the previous study [37]. (e exper-
imental results from the selected batch 14 showed an
excellent slump flow of 66 cm (26 in) with an air content of
4.8 percent.

3.3. Compressive Strength. Besides the slump flow and air
content tests, the compression tests were carried out for the
test samples to obtain the three-day and seven-day com-
pressive strengths of FRSCC. Table 4 presents the com-
pression test results of concrete test samples from selected
batches at day three and seven days. In some batches, due to
the failure in conducting the compressive strength at seven
days, these results were not reported in the table. (e
compressive strengths of specimens varied between 33.1 to
43.2MPa (4800 to 6265 psi) and 36.4 to 51.5MPa (5279 to
7470 psi) for three days and seven days, respectively, which
fell in the expected ranges.

(e average three-day compressive strength of batch 3
was lower than that of the previous batch, at 35.8MPa
(5332 psi), compared to 39MPa (5658 psi) for batch 2. (e
reduction in the three-day compressive strength of cylinders
in batch 3 is due to the increase of water and the coarse
aggregate adjustments. (e FRSCC strength of a three-day
compression test results of batch 5 yielded the highest
strength of all the mixed tests so far, 43.2MPa (6265 psi).
Several trials were conducted after this point, and the desired
mix was attained in batch 14 with the seven-day compressive
strength of FRSCC of 39.2MPa (5686 psi).

Figure 1 shows the compression failure of selection
cylinders from four batches. As can be seen in Figure 1(a),
the cylinder broke along the edge, not through the center. It
is believed that this was caused by cylinder molds that were

Table 3: Slump flow and air content test results.

Batch Slump flow (cm) Air content (%)
1 59.7 5.5
2 50.8 3.5
3 63.5 6.2
4 63.7 2.4
5 58.4 6.0
6 55.9 5.0
7 63.5 4.2
8 63.5 4.4
9 66.0 4.4
10 63.5 5.5
11 63.5 4.0
12 73.7 4.4
13 63.5 3.9
14 66.0 4.8
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not perfectly flat on the bottom. (e effects of the molds on
compressive strength were improved in the subsequent
batches, as seen in Figure 1(b).(e failure shapes of concrete
specimens from batch 3 were better than that of batch 1 and
batch 2.

3.4. Aesthetic Characteristics. As mentioned above, a great
aesthetic quality was one of the requirements for the desired
FRSCC mixtures. (erefore, in each FRSCC batch, several
samples were cast to evaluate the aesthetic characteristics of
the FRSCC. Figure 2 shows the impression results from

(a) (b)

(c) (d)

Figure 1: Compression failure of specimens from four batches. (a) Batch 1. (b) Batch 3. (c) Batch 7. (d) Batch 12.

Table 4: Compressive strength test results.

Batch
(e average strength of FRSCC (MPa)

(ree-day compressive strength Seven-day compressive strength
1 33.1 51.5
2 39.0 48.7
3 35.8 49.8
4 30.8 —
5 43.2 —
6 36.7 —
7 29.3 49.0
8 31.0 50.7
9 27.6 36.4
10 30.5 38.6
11 38.9 47.8
12 28.9 42.4
13 39.3 48.2
14 28.1 39.2
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selected batches. Overall, the color variation from a speci-
men to another was negligible. (e specimens were easily
removed from the folds, but the quality of the artworks in
terms of sharpness and details varied significantly among
specimens.

As can be seen in the specimen sample from batch 1,
Figure 2(a), the artwork appearance formed very well, but some
minor surface voids were still present. (e quality of the art-
work improved significantly after several trials. Only very slight
air voids on the surface of artwork from batch 6 were observed,
as shown in Figure 2(b). Excellent results were obtained in the
specimens made from the mix in batch 10. As presented in
Figure 2(c), the artwork had almost no surface voids and a
smooth finish. Figure 2(d) shows the aesthetic results of the
sample from the selected batch.(e sample looked perfect with
a smooth finish and virtually no surface voids.

4. Conclusions

Experimental results from a comprehensive number of
FRSCC mix designs were presented. A trial-and-error
procedure that aimed at yielding desirable results was
adopted. (e fresh concrete properties, such as filling ability
and air content, were evaluated. In addition, the hardened
properties and aesthetic features of the design mix were
examined. (e study concluded that appropriate mix de-
signs met all desired properties and aesthetics. (e 7-day

compressive strength of FRSCC fell within the desired range
of 35 to 50MPa (5000 to 7200 psi), and the 4.8 percent of air
content required for the concrete was achieved. Finally, this
study suggests that the mix in batch 14 be implemented for
mass production of precast concrete street light posts.
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