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Abstract. In this research, Class F fly ash and a mixture of alkaline activators and different
amount of hooked steel fiber were used for preparing geopolymer concrete. In order to analyses
the effect of hooked steel fiber on the geopolymer concrete, the analysis such as chemical
composition of fly ash, workability of fresh geopolymer, water absorption, density, compressive
strength of hardened geopolymer concrete have been carried out. Mixtures were prepared with
fly ash to alkaline liquid ratio of 2.0 with hooked steel fibers were added to the mix with different
amounts which are 1%, 3%, 5% and 7% by the weight of the concrete. Experimental results
showed that the compressive strength of geopolymer concrete increases as the hooked steel fibers
increases. The optimum compressive strength obtained was up to 87.83
MPa on the 14th day. The density of geopolymer concrete are in the range between 2466 kg/m 3
to 2501 kg/m3. In addition, the workability value of geopolymer without hooked steel fibers is
100 mm while the workability value of geopolymer with hooked steel fibers are between 60
mm to 30 mm.

1. Introduction
Concrete is the most often used material in construction besides wood. Concrete which is a main
building material is broadly used in the construction of infrastructures such as buildings, bridges,
highways, dams, and others facilities. The increasing of the human population leads to the increasing
the demand for the building constructions. One of the materials that is usually used as a binder in the
manufacture of concrete is the ordinary Portland cement (OPC) [1].
At the same time, the amount of by-products such as fly ash produced by energy and mineral industries
are increasing day by day that are currently disposed as a waste material. Fly ash is one of the coal
combustion products which is composed that are driven out of the boiler with the flue gases. It is
generally captured with scrubbers, electrostatic precipitators, or filter fabric baghouses in power plants,
then sluiced to settling basins (wet) prior to disposal or stored in silos (dry) for disposal or sale.
Fortunately, many fly ash are diverted for a good purpose in order to reduce its amount. One of the
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resolution to reduce the amount of fly ash and to yield more environmentally friendly concrete is to
replace OPC with these by product materials. In this respect, a new type of inorganic cementless
binder called geopolymer have been discovered as an OPC replacement. Generally, many researchers
suggest that Class F fly ash is more suitable to be applied for geopolymer concrete [1-3]. The most
significant composition in the fly ash with regards to geopolymer concrete are silicon (Si) and aluminium
(Al). The major consequence on the fly ash chemical composition comes from the type of coal. Fly ash
that have higher content of calcium oxide (CaO) is claimed to produce higher compressive strength due
to the development of calcium-aluminate-hydrate and other calcium compounds particularly in the early
ages [4].
Geopolymer is a new inorganic polymeric material that has undergone a marked development in the past
years. The geopolymer term was first used by Davidovits in its research which represents the activation
of sodium hydroxide produced alumina-silicate components which was found to be as an alternative
binder to the OPC [5]. Geopolymer is formed from the reaction of a source material that is rich in silica
and alumina with alkaline liquid [2]. Geopolymerisation involves a heterogeneous chemical reaction
between alkali metal silicate solutions and solid aluminosilicate oxides at highly alkaline conditions and
mild temperatures yielding amorphous to semi crystalline polymeric structures, which consist of Si–O–
Si and Si–O–Al bonds [6]. If geopolymer is compared with OPC, geopolymers show many advantages.
It generally consists of covalent bonds and has such advantages as being excellent in volume stability,
light in weight, fire resistant, and low in density, all of which arouse much attention from researchers
[7].
Besides that, the combination of sodium silicate and sodium hydroxide solution are suitable to be used
for the activation of fly ash based geopolymer concrete [8]. Hardjito stated that the most frequent alkaline
liquids used in geopolymerisation is a mixture of sodium hydroxide and sodium silicate solution. The
addition of sodium silicate solution to the sodium hydroxide solution as the alkaline liquids will
enhanced the reaction between base materials and the solution [4]. Alkaline concentration is a huge
element for controlling the leaching of alumina and silica from fly ash particles, geopolymerisation
process and mechanical properties of solidified geopolymer [9]. Previous researcher also affirmed that
the presence of NaOH in the alkaline activators solution can make the reaction that takes place more
briskly and the gel is less smooth [10]. The most common sodium hydroxide concentration used by many
researchers is 12 M. Suriya proved that the suitable molarity used for mixing of NaOH is 12 M [11].
Fiber reinforced concrete (FRC) is a composite materials made with Portland cement, aggregates and
incorporating discrete discontinuous fibers. Plain and unreinforced concrete is known as a brittle material
with a low tensile strength and a low strain capacity [12]. The bond between the concrete and the
reinforcing steel fibers is a significant mechanism for the performance of reinforced geopolymer concrete
as a composite material [13]. Several experimental done by previous researchers pointed that the
utilization of fibers especially steel fibers enhanced the impact resistance of the geopolymer concrete
[14].
In order to improve the properties of geopolymer concrete such as durability, ductility, flexural
strength and fracture toughness, the concept of using fibers as reinforcement in geopolymer concrete is
introduced. Steel, glass and synthetic fibers such as polypropylene fibers were used as a reinforcement
in concrete since 1960 and the research of fibers reinforced concrete continues until today [15]. In this
research, geopolymer concrete was produced by Class F fly ash as the base material and reinforced
with hooked steel fibers. A mixture of sodium silicate solution and sodium hydroxide solution were used
to react with aluminium and silicon in the fly ash to form the paste that bound the aggregates and steel
fibers in the mixture to yield the geopolymer concrete.
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2. Experimental Method
2.1. Raw Materials
The fly ash used is attained from Manjung Power Plant, Lumut, Perak which is of low calcium (Class
F) is used as the base material and equivalent to ASTM C618. The chemical composition of fly ash
obtained from the analysis as tabulated in Table 1 showed that the calcium oxide (CaO) content is less
than 20% and the most abundant oxides in this fly ash are silica oxide (SiO 2) as the main constituents
with 38.80% followed by aluminium oxide (Al 2O3) and iron (III) oxide (Fe 2O3) with 14.70% and
19.48% respectively.
Table 1. XRF analysis data of fly ash composition
Component SiO2 Al2O3 Fe2O3 TiO3 CaO
Percentage
(%)

38.80 14.70

19.48

1.02

18.10

MgO

SO3

K2O

MnO

BaO

SrO

3.30

1.50

1.79

0.16

0.27

0.11

Based on these results, the fly ash used can be classified as Class F type according to the ASTM C618.
It is mainly pozzolanic where its silicon dioxide content reacts with the calcium hydroxide from the
cement hydration process to form the calcium silicate hydrate (CSH) gel and produ ced cementitious
compounds which is suitable to be used in the geopolymer [16]. Besides that, this fly ash has the higher
CaO content which can develop the higher compressive strength in the early ages. Other researcher also
claimed that fly ash that have higher CaO content can increase the compressive strength of the
concrete. It is also stated that the calcium content present in fly ash played a significance role in
developing the compressive strength. The presence of calcium ions produced a quick reactivity. Thus,
the geopolymer will yields quickly hardening in shorter curing time [17].
2.2. Mix Design and Process
In preparation of 12 M NaOH solution, 960 g of NaOH pellets are dissolved in distilled water in a
volumetric flask for getting 12 M solution. The NaOH solution is left for settling down for 24 hours.
After 24 hours, 250 g of NaOH solution and 100 g of Na 2SiO3 solution are mixed. When both are
mixed and stirred gradually, an exothermic reaction takes place and extreme amount of heat is
evolved. The mixture is left for settling down about 1 hour. Hence, for safety factor, hand gloves are
used. For geopolymer concrete samples, the fly ash and aggregates are dry mix. Then, alkaline activators
is added to the dry mix and wet mixing is done for about 3 to 4 minutes. Lastly, hooked steel fibers
is added to the wet mix in different weight such as 28 g, 84 g, 140 g and 196 g. Table 2 shows the details
of mix proportions of geopolymer concrete reinforced with hooked steel fibers.
Table 2. Mix proportions of geopolymer concrete reinforced with hooked steel fibers
Fine
Coarse
Hooked
Ingredients
Fly ash
NaOH
aggregates
aggregates steel fibers
28
84
Quantity
700
700
1050
250
(g)
140
196

Na2SiO3

100

2.3. Curing and Moulding Process
Fresh geopolymer with or without hooked steel fibers are poured into (100x100x100) mm size cubes
and (100x100x500) mm size beams steel moulds. The samples are left for 24 hours in room
temperature and then they are demoulded. After that, the samples are then left in the laboratory
ambient conditions until the day of testing. After 14 days, weight of samples were taken to determine
density, water absorption and tested in compressive strength testing machine.
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3. Results and Discussion
3.1. Workability
Figure 1 shows the slump test result of fresh geopolymer mix with and without hooked steel fibers.
For geopolymer mix without hooked steel fibers (GPC 0), the workability value is 100 mm. For
geopolymer mix with 1% hooked steel fibers (GPC 1), the workability value is 60 mm. The workability
value for geopolymer mix with 3% hooked steel fibers (GPC 3) is 49 mm. While the workability value
for geopolymer mix with 5% hooked steel fibers (GPC 5) and geopolymer mix with 7% hooked steel
fibers (GPC 7) are 39.5 mm and 30 mm respectively. The trend of workability in Figure 1 shows the
workability values are gradually decreased as the increasing amount of hooked steel fibers from GPC
0 to GPC 7. This may be cause by the hindrance which is provided by the hooked steel fibers to the
free flow. As stated by Sunilkumar, the slump value are between 65 mm and 100 mm for the fresh
geopolymer concrete while for geopolymer concrete with steel fibers, the slump value are between 28.2
mm and 27.5 mm [3]. To be conclude, as the amount of hooked steel fibers increases, the workability
will be decreases.

Figure 1. Workability graph for different mix of geopolymer concrete
3.2. Water Absorption
Water absorption of all mixtures are measured at the age of 14 days and the results are presented in
Figure 2. According to the Figure 2, the percent of water absorption are reduced where the average
absorption of GPC 0, GPC 1, GPC 3, GPC 5 and GPC 7 are 3.83%, 3.81%, 3.35%, 3.33% and 2.94%
respectively. The water absorption for GPC 0 until GPC 3 declined slightly while for GPC 5 and GPC
7 decreases abruptly with the increasing of hooked steel fibers.
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Figure 2. The relationship between water absorption and different mix of geopolymer concrete
This shows that the concrete become less permeability because the pore in the concrete have been closed
by the addition of hooked steel fibers in geopolymer concrete. The geopolymer concrete with higher
water absorption having the lowest compressive strength [17]. It is proved that GPC 0 have the maximum
water absorption and having the minimum compressive strength. While GPC 7 have the minimum water
absorption and having the maximum compressive strength.
3.3. Density
The density of geopolymer concrete after 7 days is presented in Figure 3. Density value for GPC 0 , GPC
1, GPC 3, GPC 5 and GPC 7 are 2466 kg/m3, 2477 kg/m3, 2487 kg/m3, 2491 kg/m3 and 2501 kg/m3
respectively. The density of GPC 7 with 7% hooked steel fiber is higher than GPC 0 without hooked
steel fiber. It is verified that as the loading of hooked steel fibers increased, the density also shows an
increment.

Figure 3. Density with different mix of geopolymer concrete
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3.4. Compressive Strength
Figure 4 demonstrates the effect of addition of hooked steel fibers on the compressive strength with
the increasing of age of concrete. From Figure 4, it can be observed that at the age of 7 days, the trend
show that the strength is slightly increase from GPC 0 until GPC 7. The compressive strength of GPC
0, GPC 1, GPC 3, GPC 5 and GPC 7 for 14 days are found to be 12.45 MPa, 18.25 MPa, 20.87 MPa,
22.35 MPa and 26.55 MPa respectively. The increase in compressive strength are about 46.6%,
67.6%, 79.5% and 113.3% for GPC 1, GPC 3, GPC 5 and GPC 7 respectively with respect to GPC 0
concrete. While at the age of 14 days, the trend show that the strength is increase rapidly from GPC 0
until GPC 7. The compressive strength of GPC 0, GPC 1, GPC 3, GPC 5 and GPC 7 for 14 days are
found to be 51.30 MPa, 59.47 MPa, 63.17 MPa, 70.23 MPa and 87.83 MPa respectively. The increase
in compressive strength are about 15.9%, 23.1%, 36.9% and 71.2% for GPC 1, GPC 3, GPC 5 and
GPC 7 respectively with respect to GPC 0 concrete.
In terms of inclusion of hooked steel fibers, the compressive strength also increased. It is proved that
the compressive strength of GPC 1, GPC 3, GPC 5 and GPC 7 are increased enormously than GPC as
shown in Figure 4. The optimum strength is obtained in GPC 7 which have the higher amount of hooked
steel fibers. In addition, compressive strength can also increase as the age of the concrete increases. The
compressive strength for 14 days showed a big increase in strength compared to 7 days. As the age of
concrete increases, the compressive strength will also increases for all concrete. The longer the age of
concrete improves the polymerisation process producing higher compressive strength of concrete [18].
Other researchers also claimed that geopolymer concrete with steel fibers will reach its maximum
strength in less than 20 days.
There is an explicit relationship between compressive strength and density of geopolymer concrete
with hooked steel fibers. For each geopolymer mix, it shows the increment of density as the compressive
strength increase. Steel fibers are firstly used to control and prevent the drying shrinkage while in the
concrete [19]. So, it is proved that as the density increase, the geopolymer concrete with hooked steel
fibers become more durable compared to geopolymer without hooked steel fibers.

Figure 4. Effect of inclusion of hooked steel fibers on compressive strength

6

ICASIE
IOP Publishing
IOP Conf. Series: Materials Science and Engineering
267 (2017) 012014 doi:10.1088/1757-899X/267/1/012014
1234567890

4. Conclusion
The purpose of this paper is to investigate the geopolymer concrete properties reinforced with hooked
steel fibers. The compressive strength of the geopolymer concrete is highly influenced by the amount
of CaO content in the fly ash. Besides that, the compressive strength also increases as the amount of
the hooked steel fibers increases. The highest compressive strength is found to be 87.83 MPa at 14
days. Geopolymer concrete with 7% of hooked steel fibers give a higher grip strength to the concrete.
Besides that, the highest density is found to be 2501 kg/m3 at 14 days for GPC 7. While for
workability and water absorption, GPC 7 have the lowest value which is 30 mm and 2.94% respectively.
This can conclude that, as the amount of hooked steel fibers increases, the workability and water
absorp tion will be decreased and the density will increased.
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