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ABSTRACT

Good durability of concrete is an essential part of the design process, and durability designs
are carried out by specifying material requirements and the exposure conditions in which the
structure is in contact. The main feature of durable concrete is low water absorption. Almost all forms
of deterioration in reinforced concrete involve harmful fluid ingress through the concretes pore
structure. In wet concrete, the water ingress rate or other liquids is mainly controlled by absorption
due to capillary rise. This study examines the effect of basalt, polypropylene, and steel fiber in
different volume fractions (Vr) of 0.3%, 0.6%, and 0.9% for absorption tests. A total of 8 specimens
for different fiber volume fractions were examined based on the rate of water absorption test
recommended by ASTM C1585-04. A result obtained has been analyzed and compared with the
control specimen. A relationship between absorption rate and the square root of time for both
concrete mixtures was represented graphically and linearly. Result data showed a precise decrease
in absorption due to incorporating both types of fiber. Also, basalt and polypropylene showed greater
uptake than steel fiber and enhanced water transport into concrete specimens from the result data.
However, steel fiber showed high resistance to absorption rater than the control specimen and other
fiber.
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INTRODUCTION

The durability of concrete mostly depends on how fluids penetrate the concrete matrix. For
instance, damage caused due to the present chloride ions in de-icing salts or seawater. The
durability of concrete is affected by pore structure. The porosity and connectivity of the pore play a
vital role in the permeability of concrete. The experimental test results are widely used as a factor
for concrete durability has been adopted in the past study [1,2].

0.05% by volume fraction of Polypropylene fiber is considered the optimum amount of
polypropylene fibers to be added to concretes mixture due to its excellent performance at elevated
temperature [3]. Improving the hardened property, the mainly compressive strength of concrete does
not enhance its behavior, especially tensile strength and strains. [4]. The behavior of self fiber
compacting concrete was affected by incorporating silica fume [5]. Steel fiber showed the best
resistance to the damaging effect of NaCl than other types of fiber and control specimens as its
compressive strength increased by 0.6% and 0.9% by 4.6% and 16.4%, respectively. That might
result from relatively high bonding, which blocked water and NaCl solution from traveling between
fiber and hardened concrete [6]. The basalt aggregate was used in slurry infiltrated fiber concrete
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[7]. The anti-cracking behavior of steel fiber in steel fiber ceramic concrete was enhanced with fiber
content [8]. Niveditha and Srikanth [17] study the effect of mineral admixture on the hardened
properties, water absorption rate, and permeability in geopolymer concrete. They reported that the
addition of ultra-fine slag enhances the durability properties.[9]

The investigating parameters such as permeability, diffusivity, and rate of water absorption
behavior are vital for the durability of concrete [10]. Sorptivity, the rate of water absorption, is a rapid
and simple test that can indicate the transport properties of cover concrete and its tendency to absorb
and transmit water by capillarity [11]. The water absorption varies mainly depending on the cement
paste aggregate in the concrete mixture [12]. Four requirements must be met for the water
absorption vs. vt Law to hold, [13]: (I) homogeneous material is required on the penetration
distance scale, (II) The capillary absorption flow, (lll) the availability of water to flow at the inflow
surface of the reservoir, and (IV) Gravitational effects. The vTime law translate the kinetics of
capillary absorption (sorptivity). Other factors that can affect the sorptivity values of concrete are the
sorptivity properties of the individual components of the mix, such as the cement paste matrix and
its physical arrangement, for example, the aggregate distribution [13]. In this study, the absorption
rate of water of concrete mixtures incoprated with basalt, polypropylene, and steel fiber were
evaluated. And the method involved in determine the increase in the mass of a specimens that
results from the absorption of water as a function of time when only one surface of specimens is
under water.

EXPERIMENTAL PROGRAM
Material

Ordinary cement (42.5N) was used to prepare concrete mixtures; Table 1 shows the
properties of aggregates used in the study, following the international standard [14]. Natural river
sand with a specific gravity of 2.60 was used as fine aggregate. A natural stone with a nominal size
of 15-20 mm was used as a coarse aggregate. The cement, sand, coarse aggregate, and water
content were 407, 535, 1245, and 203.7 kg/m?, respectively, prepare to achieved C30 concrete
according to [15]. The three specific fibers, namely: basalt, polypropylene, and straight steel fiber,
as shown in Figure 1, were used in the study.

Tab. 1 - Properties aggregates used

Materials Apparent density | Apparent density | Fineness | Moisture content
(kg/cm?) (kg/cm?) modulus | (%)

Coarse aggregate | 2665 1450 - -

Fine aggregate 2670 1554 2.46 3.1

Tables 2 and 3 present the fibers' performance behavior to fabricate the fiber-reinforced
concrete mixture. The average compressive strength of the reference sample and fiber reinforced
concrete specimens were also presented in Table 3.
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Tab. 2 - performance Properties of fibers used

Property Basalt Polypropylene Steel fiber
Length (mm) 18 12 13
Diameter (mm) 0.013 0.021 0.2
Aspect ratio (I/d) 1384 544 65
Tensile strength (MPa) 3000~3500 365~600 2900
Ultimate elongation (%) 3.2 25~60 4
Density (g/cm?) 2.65 0.9 7.8
Modulus of Elasticity (GPa) 90~110 2.4~3.2 210

Fig.1- Fiber type: (a) Basalt fiber (b) PP fiber, (c) Steel fiber

Mixing and sample preparation

The mixing of non-fibrous and fiber reinforced concrete was described as follows: first, the
constituent materials, including coarse aggregate, fine aggregate, and cement, were mixed dry in a
concrete mixer for about 2 minutes. Subsequently, water was added gently to the mixture, while
mixing was continued for the next 1 minute. The fibers were scattered into the concrete mixture to
prevent the fiber clotting., the mixing was continued for another 3 minutes to obtain homogeneous
concrete mixtures. For absorption test, eight 185 x 150 mm cylinder specimens were produced with
fiber volume fraction of 0.0%, 0.3%, 0.6%, and 0.9%, respectively. While for the compressive
strength test, three 150x 150x 150 mm Cubic specimens were cast for each fiber volume fraction.
The average of samples from each mixing condition was taken as the compressive strength as
shown in Tab. 4. After 24 hours, all the samples were removed and cured at the standard curing
room for 28 days. The cylinder specimens were prepared for the water absorption test.
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Tab. 3: The compressive strength results of fiber reinforced concrete mixtures.

Type of Fiber | Fiber volume | Number of specimens Average
Specimen fraction Vi (%) Compressive
strength (MPa)
Plain/Control - 0.0 3 35.55
BFRC Basalt 0.3 3 32.02
0.6 3 33.24
0.9 3 35.86
PFRC Polypropylene 0.3 3 33.44
0.6 3 33.27
0.9 3 29.92
SFRC Steel 0.3 3 37.95
0.6 3 43.82
0.9 3 45.55

Compressive strength for concrete cube specimen with 0%, 0.3%, 0.6%, and 0.9% of Basalt,
Polypropylene, and Steel Fibers are shown in Table 3.

As seen from the table, the addition of 0.3% and a 0.6% volume of Basalt fiber resulted in
decreased compressive strength relative to plain concrete by 9.9% and 6.5. At the same time, 0.9%
volume of Basalt fiber indicates a slight increase in compressive strength (i.e., 0.9%). Similarly, the
addition of 0.3%, 0.6%, and 0.9% volume of polypropylene fiber resulted in a decrease of
compressive strength relative to plain concrete by 5.9%, 6.4%, and 15.8%, respectively. For steel
fiber, addition of 0.3%, 0.6% and 0.9% resulted in an increase in compressive strength by 6.8%,
23.3% and 28.1% respectively. The addition of polypropylene and basalt fibers in the concrete
mixture has different degrees of reducing compressive strength. Several factors affect the strength
of concrete, such as cement strength, water-cement ratio, and the size of the concrete aggregates
[14]. The incorporation of the fibers within the concrete matrix changes the phase of each
component. As seen from the test results analysis, with the same series of fiber concrete, the
strength decreases with the increase of fiber mixing ratio increases; also, with the same volume of
fiber, different series of fiber results in different compressive strength of concrete.

Testing procedure

The water absorption rate of fiber reinforced concrete mixtures was conducted according to
[16] ASTM C1585-04. The influence of fiber volume fraction and fiber type were evaluated
accordingly. The water intake led to an increase in the mass of a specimen due to the capillary action
of water expressed as a function of time, subjecting only one surface of the sample to water, and the
top surface was sealed (candle wax). The water absorption is calculated using Eq. 1. For this study,
the temperature variation was considered constant, and 0.001 g/mm? is taken as water density.

mt
I'= AXpy (1)
Where I, mt, p,, And A are the water absorption in (mm), change in specimen mass (g) at a
time t, density of water (g/mm?3), and exposed area of the specimen (mm?), respectively.
The square root of time relationship controls the water transport into the concrete by
capillarity. The initial rate of absorption (mm/s2) was defined as the slope of the line that is the best
fit to I plotted against the square root of time (S). This slope is obtained using the least-squares,

linear regression method of the plot of I versus time S2. A schematic setup of the capillary suction
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test is shown in Figure 2. A cylindrical specimen was placed on the support device at the bottom of
the pan, filled with tap water, then the water level was maintained 1 to 3mm above the top of the
support device. The absorbed water quantity was recorded at different time intervals as indicated in
Tab.le4 through 6. Any surface water was blotted off with a dampened paper towel for each mass
determination.

Linear regression was used to determine the slope. The experimental setup of the capillary
action test is depicted in Figure 2. The test specimens were put on the pan filled with water and
supported by a device. The water level was kept at a height ranging from 1 to 3mm above the top of
the support device. The absorbed water quantity was monitored at different time interval indicated
in Table 4.

Candle Wax Water Level

P
61118

A schematic setup Cylindrical specimens

Fig. 2- Experimental Setup

RESULT AND DISCUSSION
Water absorption

The result of the water absorption test of non-fibrous and fiber reinforced concrete cylinder
specimens incorporated with 0%, 0.3%, 0.6%, and 0.9% of basalt, polypropylene, and steel fibers
are summarized and given in Tables 4 — 6. The square root of time relationship monitors the water
absorption in concrete specimens by capillarity action. The initial rate of water absorption (mm/s'/?)
described the slope of the line drawn on the graph of absorption versus the square time (s/2). Slop
was obtained by using least—square linear regression analysis from the plot of I versus the square
root of time 1, 5, 10, 20, 30, and 60 minutes using all the points within this range. The secondary
rate of water absorption (mm/S*?) is described as the slope of the line that is the best fit to the water
absorption graph plotted against the square root of time (S%?) 1, 2, 3, 4, 5, 6 and 7 days using all the
points froml1d to 7d [16].
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Tab. 4 - water absorption of BFRC

Observed time

Water absorption (mm)

Time (s) | Vtime (s'/?) | 0% Fiber | 0.3% Fiber | 0.6% Fiber | 0.9% Fiber
0 0 0.0000 0.0000 0.0000 0.0000
60 8 0.3348 0.3348 0.5580 0.5580
300 17 0.1860 0.5208 0.5580 0.5580
600 24 0.1860 0.7068 0.7440 0.7440
1200 35 0.3720 0.7068 0.9301 0.7440
1800 42 0.3720 0.7068 0.9301 0.9301
3600 60 0.5580 1.0788 1.3021 1.1161
7200 85 0.5580 1.2649 1.4881 1.1161
10800 104 0.7440 1.4509 1.6741 1.4881
14400 120 0.9300 1.4509 1.8601 1.4881
18000 134 1.1161 1.4509 1.8601 1.4881
21600 147 1.3021 1.6369 2.0461 1.6741
99420 315 1.4881 2.1949 2.7901 2.0461
196620 443 1.6741 2.3801 2.9762 2.2321
272220 522 1.6741 2.5670 2.9762 2.2321
355020 596 1.4881 2.7530 3.1622 2.4181
529980 728 1.6742 2.7530 3.3482 2.4181
6223580 | 790 1.6742 2.7530 3.3482 2.6041

Tab. 5 - water absorption of PFRC

Observed time

Water absorption | (mm)

Time (s) Vtime (s'/?) | 0% Fiber | 0.3% Fiber | 0.6% Fiber | 0.9% Fiber
0 0 0.0000 0.0000 0.0000 0.0000
60 8 0.3348 0.5580 0.7440 0.1860
300 17 0.1860 0.5580 0.7440 0.1860
600 24 0.1860 0.7440 0.9301 0.5580
1200 35 0.3720 0.7440 0.1161 0.5580
1800 42 0.3720 0.7440 0.1161 0.7440
3600 60 0.5580 0.9301 1.3021 0.9301
7200 85 0.5580 1.4881 1.4881 0.9301
10800 104 0.7440 1.4881 1.8601 0.9301
14400 120 0.9300 1.4881 1.8601 0.1161
18000 134 1.1161 1.4881 2.0461 0.1161
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21600 147 1.3021 1.6741 2.0461 1.3021

99420 315 1.4881 2.7902 2.4181 1.6741

196620 443 1.6741 2.7962 2.6041 1.6741

272220 522 1.6741 2.7902 2.4181 1.6742

355020 596 1.4881 2.9762 2.6041 1.6742

529980 728 1.6742 2.9762 2.6041 1.6742

623580 790 1.6742 3.1622 2.6041 1.8601

717180 847 1.8601 3.1622 2.6041 1.8601

Tab. 6 - water absorption of SFRC

Observed time Water absorption | (mm)
Time (s) | vtime (s'/?) | 0% Fiber | 0.3% Fiber | 0.6% Fiber | 0.9% Fiber
0 0 0.0000 0.0000 0.0000 0.0000
60 8 0.3348 0.1860 0.3720 0.0000
300 17 0.1860 0.3720 0.3720 0.0000
600 24 0.1860 0.3720 0.3720 0.1860
1200 35 0.3720 0.3720 0.5580 0.3720
1800 42 0.3720 0.3720 0.5580 0.3720
3600 60 0.5580 0.5580 0.5580 0.3720
7200 85 0.5580 0.7440 0.5580 0.3720
10800 104 0.7440 0.7440 0.5580 0.7440
14400 120 0.9300 0.9301 0.5580 0.7440
18000 134 1.1161 0.9301 0.7440 0.7440
21600 147 1.3021 0.1161 0.7440 0.9301
99420 315 1.4881 1.4881 0.7440 0.1161
196620 443 1.6741 1.4881 0.9301 1.3021
272220 522 1.6741 1.4881 0.9301 1.3021
355020 596 1.4881 1.4881 0.9301 1.3021
529980 728 1.6742 1.4881 1.3021 1.3021
623580 790 1.6742 1.6742 1.3021 1.3021
717180 847 1.8601 1.6742 1.3021 1.3021

The concrete mixture absorption rates incorporated with different fibers at various intervals
were proportional to the square root of time linearly at the initial stage. Among the fiber type, steel
fiber is more resistant to capillary suction in various mixtures than basalt fiber. However,
polypropylene for both mix ratios indicates the fastest absorption rate for the initial period. The basalt
showed an accelerated degree of absorption for secondary absorption compared to steel fiber and

control.
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As shown in Figure 3, the absorption rate of BFRC specimens is higher than non-fibrous
samples. The inclusion of basalt fiber at 0.6% volume fraction shows the highest absorption at the
initial and secondary stage of absorption with values 2 mm and 3.6 mm, respectively. The absorption
rate of specimens containing 0.9% basalt fiber was lower than the absorption of samples
incorporated with 0.3% basalt fiber. The case is different in PFRC specimens, whereby specimen
with 0.3% polypropylene fiber exhibits the highest absorption rate. The absorption rate decreases
with an increase in polypropylene fiber, as shown in Figure 4. The steel fiber reinforced concrete
revealed that the control sample has the highest absorption rate, and the specimen containing 0.9%
steel fiber had the lowest absorption capacity, as depicted in Figure 5.

—&— 0% (control)
4~ —o— 0.3% basalt
—4&— 0.6% basalt
—wv— 0.9% basalt

Absorption | (mm)

0 PR R R R R R MU R
0 100000 200000 300000 400000 500000 600000 700000 800000

square root of time (s)

Fig. 3- Rate of absorption against the square root of time for BFRC

—a— 0% (control)

—&— 0.3% polypropylene
35 — —4&— 0.6% polypropylene
—w— 0.9% polypropylene

3.0

25

2.0

1.5

Absorption | (mm)

1.0

0.5

0.0 R 1 R 1 R 1 R 1 R 1 R 1 R 1 R )
0 100000 200000 300000 400000 500000 600000 700000 800000

square root of time (s)

Fig. 4- Rate of absorption against the square root of time for PFRC
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Fig. 5- Rate of absorption against the square root of time for SFRC
Effect of Fibers on the rate of absorption at initial and final stages

Figures 6 and 7 show the comparison of initial and secondary absorption for non-fibrous and
fiber reinforced concrete. Generally, incorporating fibers into the concrete mixtures compared to the
reference specimens leads to a significant decrease in water absorption rate regardless of the fiber
type at an initial stage. It can be seen, at 0.3 and 0.6% of polypropylene fiber, the amount of water
absorption remains the same and further reduce at 0.9% volume fraction. A nearly constant reduction
of the absorption rate was revealed at the three different volume fractions of basalt fiber at an early
absorption stage. However, in SFRC, the water absorption decreases with an increase in steel fiber.
At the secondary stage, the absorption rate of plain, BFRC, PFRC, and SFRC specimens
demonstrate similar behavior. However, the steel fiber reinforced concrete specimens revealed a
significant decrease in the absorption rate at all levels of increment of steel fiber, presumably
attributed to steel fiber's metallic nature.
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Fig. 6- Initial absorption vs. fiber mix ratio for Plain, BFRC, PFRC, and SFRC.
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Fig. 7- Secondary absorption vs. fiber mix ratio for Plain, BFRC, PFRC, and SFRC

CONCLUSION

In this study, the effect of fiber volume fraction and fiber types was experimentally investigated
to determine the water absorption rate in the concrete mixtures. The need to overcome the problem
of degradation of concrete by the mass movement of water into concrete structures. The following
conclusions can be drawn:

e The absorption rate for each type and each volume of fiber were linearly proportional to the
square root of time.

e The addition of basalt, polypropylene, and steel fiber in different volume ratios showed a
significant decrease in the initial absorption rate. However, basalt showed no notable change
with secondary absorption, while steel and polypropylene showed little secondary absorption.

¢ Among the fiber reinforced concrete specimens, SFRC showed the highest resistance to the
capillary action compare to reference samples, which might result from relatively stable bonding,
which blocked water from traveling between fiber and hardened cement paste. However, BFRC
and PRFC revealed a high absorption rate than SFRC because PRFC significantly accelerated
water transport into concrete; this is presumably due to interfacial transition zone resulting from
incorporating polypropylene fiber in the mixture, thin and long hydrophobic behavior.
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