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Abstract:- This paper presents the behavior of polymer modified high volume fly ash concrete
(PMHVFAC) using hybrid textile fibers under compressive strength, tensile strength, flexural strength
and shear strength. According to the geometrical parameters of textile fibers, the textile fibers can be
effective in delaying propagation of micro cracks or macro cracks. In the present paper, the high volume
fly ash concrete (HVFAC) is mixed with several single (mono) textile fibers and two-fiber (hybrid)
textile fibers. The specimens are cured in water for 28 and 90 days in order to enhance PMHVFAC's
mechanical properties. Microstructures of the composites were analyzed by using scanning electron
microscope. The findings indicate that it is possible to improve PMHVFAC's mechanical properties in
every way by adding hybrid textile fibers. PMHVFAC produced with hybrid textile fibers exhibit higher
strength characteristics as compared to PMHVFAC produced with mono textile fibers. Additionally, in
comparison to other hybrid fiber combinations, it is evident that PMHVFAC produced with the
(CF+PPF) hybrid textile fiber combination has greater strength capabilities.
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1. Introduction

Fly ash, a typical type of pozzolan used to create high strength and high performance concrete, is made
up of finely separated ashes created by burning pulverized coal in power plants. HVFA concrete, which
typically comprises 50-60% fly ash as the total cementitious materials content, is widely employed to
achieve the sustainable development of the concrete industry. The use of large quantities of fly ash in
concrete has many advantages. Using HVFAC as a construction material will have a large impact on
the world's sustainable development and on the economy of producing concrete. Higher volumes of fly
ash and less Portland cement are needed for HVFAC. Additionally, workability can be improved and
water requirements can be decreased by employing HVFAC. HVFAC shows less heat and drying
shrinkage cracks. HVFAC has high durability against reinforcing corrosion, sulphate attack, and alkali-
silica expansion. It is estimated that greater usage of fly ash in concrete would help to reduce disposal
problem and would also contribute to a cleaner environment. HVFAC with 50% replacement developed
higher strength than OPC concrete at 28 days and beyond with water-cementitious material ratios
ranging from 0.28 to 0.34 [1]. The mechanical properties of HVFAC are found to have lower rate of
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initial strength gain [2]. At 90 days and beyond, the concrete containing 40% fly ash and 60% OPC
reached its maximal strength. The combination that contained 60% fly ash and had a w/c ratio of 0.30
exhibited the least shrinkage [3]. Applying fine particles like fly ash, modified fly ash or adding exciting
agent of fly ash the flexural strength of HVFA-ECC can be increased [4]. The coexistence of C-S-H is
observed in the system containing 80% of flyash, confirming that the amount of alumina and silicate
phases provided by the flyash is a major factor for the formation of C-S-H(I) and stratlingite in HVFA
system [5]. Romualdi J. P and Batson. G. B. [6] has made progressive development in fiber-reinforced
cement (FRC) in 1960s. Textile-reinforced concrete (TRC) is a form of reinforced concrete, where
conventional reinforcement is replaced with textiles or fibers. The high tenacity of the textile fibers
results in flexible and durable concrete structures [7]. By using TRC ultimate load capacity,
displacements, bending capacity and shear capacity improved [8]. By using fibers compressive and
tensile strength doubled as compared to those of concrete without fly ash [9]. By using PP fiber (0.2%)
compressive strength and flexural strength was found to increase as compared to that of plain concrete
specimens [10]. For preventing spalling of concrete two different lengths of polypropylene fibres were
used and found that 12.5 mm fibres was more efficient than 20 mm fibres [11]. According to few authors
when nylon fiber (1% by volume of concrete) is used into the concrete matrix, it has increased
significantly the compressive and split tensile characteristics [ 12] and even the bond within the concrete
increases [13]. Some authors found that by 0.25% of nylon fiber there was improvement in the strength
characteristics of concrete [14]. By adding SBR latex content compressive strength decreased, but the
strength got enhanced with increasing nylon fiber content [15]. The performance of MPC materials
improved when polyethylene fibers (PE) were added (1.25%). These improvements included increased
in ductility and durability [16]. By 0.4% and 1% addition of polyester fiber in concrete for paver blocks,
the concrete attains maximum strength and minimum water absorption at 7, 28 and 56 days [17] [18].
Carbon atoms are joined in a long chain via chemical bonds to create carbon fiber. Due to their stiffness,
strength, and light weight, the fibers are employed in a variety of procedures to produce top-notch
building materials. Carbon fiber is similar to plastic in weight and steel in terms of its physical
characteristics. As a result, carbon fibers have substantially higher strength to weight ratios (as well as
stiffness to weight ratios) than either steel or plastic. Carbon fiber is extremely strong [19].

The characteristics of concrete at each volume fraction were enhanced by employing hybrid fiber
(polypropylene and polyester) with varying fractions by weight of cement and micro silica as cement
replacement. 10% of micro silica and 0.1% fiber content gives the best performance by increasing in
compressive strength and tensile strength [20]. Some authors investigated on single, two-fiber and
three-fiber hybrid composites using different fiber types such as macro and micro-fibers of steel,
polypropylene and carbon. The modulus of rupture was increased by adding the micro-fiber. It was
discovered that the crimped microfiber outperformed the macro-fibers made of polypropylene.
Maximum synergy is demonstrated by hybridizing crimped polypropylene macrofiber with carbon and
polypropylene microfibers [21].

Styrene butadin rubber latex SBR's molecular structure gives concrete and mortars excellent mechanical
qualities, water tightness, and abrasion resistance [22] [23]. With the additions of SBR latex and
polyester fiber, there was decrease in the compressive strength slightly, but the flexural strength and
toughness were remarkably improved. The optimal polymer to cement ratio tends to be 15% [24]. By
the incorporation of PP fiber and SBR polymer latex, the abrasion resistance, flexural strength and
brittleness index can be improved considerably. After seven days of curing, the microscopic
examination indicates that SBR polymer latex has little or no impact on the cement hydration. The
creation of the transition layer improved the bonding characteristics between the cement hydrates and
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PP fibers [25]. Researchers have done research on polymer compound modified concrete and found that
at 0.14 vol. % of polyester fiber and at 90kg/m3 of SBR latex, there was improvement in the properties
of concrete. Continuous SBR latex films formation made the concrete to raise toughness and compact
degree of interface transition zone (ITZ) [26].

2. Materials used and tests performed
2.1 Materials

In the study, OPC of grade 53 with specific gravity (SG) of 3.15 and fineness of 4% was used. Fly ash
with SG of 2.12, fine aggregate (zone II) and coarse aggregate with SG of 2.3, 7.3 and fineness of 2.7
and 3.02 respectively are used. Superplasticizer and polymer are used to design M30 grade concrete.
Tables 1 and 2 indicate the characteristics of the Conplast SP 430 superplasticizer and SBR latex
polymer.

Tablel: Properties of Conplast SP 430 and Superplasticizer

Appearance Specific Gravity |Chloride content |Air entrainment [Alkali content
Brown liquid Typically 1.20 at  |Nil to BS 5075 Less than 2% Less than 72.0 g.
20°C Na>O

Table 2: Properties of SBR Latex

Appearance Density Solid content  [pH Viscosity at Surface tension
25 °C

White  milky [1.02 kg/L at 50% 8.3 40 mPa s 45 mN/m

liquid +27 °C

Various textile fibers like carbon, polypropylene, polyethylene, nylon, and polyester with a length of
12 mm, were employed in the investigation. Table 3 depicts the parameters of these fiber types.

Table 3: Properties of textile fibers

Fibers Density (kg/m3) Ultimate tensile [Young’s modulus of elasticity
strength (MPa)
(MPa)

Carbon fiber (CF) 2000 2500 -7000 5,00,000

Polypropylene fiber (PPF) [895-945 520 1325

Polyethylene fiber (PEF)  [950-960 600 1070-1090

Nylon fiber (NF) 1140 558-607 2700

Polyester fiber (PF) 1360 600 920
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Different combinations of hybrid textile fibers used in the study are (CF+PPF), (CF+PEF), (CF+NF)
and (CF+PF). Hybrid textile fibers are added (0.5+0.5) % by volume fraction and mono fibers are added
1% by volume fraction. SBR latex polymer and superplasticizer are added at the rate of 3% and 1.4%
by weight of cementitious material. M30 grade mix design for HVFAC yielded a proportion of
1:1.34:3.29 with a water to cementitious material ratio of 0.35. All the ingredients of concrete are dry
mixed first and then water, superplasticizer and polymer are added to get homogenous mix. The strength
characteristics are found after 28 days and 90 days of water curing.

2.2 Tests Performed

The compression strength test is conducted on cube specimens of size (150x150x150) mm in
accordance with IS:516-1959 [27] as shown in Figure 1. The split tensile strength test is conducted on
cylindrical specimens of size 150 mm diameter and 300 mm length in accordance with IS:5816-1999
[28] as shown in Figure 2. Flexural strength test is conducted on beam specimens of size (100x100x500)
mm in accordance with IS:516-1959 [27] by applying two point load loading as shown in Figure 3.
Shear strength test is conducted on L-shape specimens prepared by using cube mould of size 150 X 150
X 150 mm and inserting a wooden block of size 150 X 90 X 60 mm. The arrangement of application of
load for shear strength is shown in Figure 4. The maximum load at the failure of the specimen is noted
and shear strength is calculated using Eqn 1 and Eqn 2.

Failure load (P2) = PL1 (D)
(L1 +L2)
Shear strength = P2 X 1000 2)
A

Where; P= Applied load (kN); L1 and L2 = Length of applied load between the rods; A= Area of shear
surface.

Crack
Pattern
Figure 1: Compressive strength test and crack Figure 2: Split tensile strength test
and crack pattern pattern
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Figure 3: Flexural strength test and crack pattern
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Figure 4: Shear strength test (a) [29] and crack pattern (b)

3. Experimental results
3.1 Polymer modified high volume fly ash concrete strength test results

For 28 and 90 days of curing, Table 4 shows the percentage increase in compressive strength relative
to the reference mix and the percentage increase in compressive strength for hybrid fiber combinations
with respect to the mono textile fibers. Figure 5 displays the test results for PMHVFAC's compressive
strength after 28 and 90 days of curing using various hybrid textile fibers and mono textile fibers.
Similarly, table 5, table 6 and table 7 shows the percentage increase in split tensile strength, flexural
strength and shear strength relative to the reference mix and the percentage increase in split tensile
strength, flexural strength and shear strength for hybrid fiber combinations relative to the mono textile
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fibers. Figure 6, figure 7 and figure 8 shows the test results for PMHVFAC's split tensile strength,
flexural strength and shear strength after 28 and 90 days of curing using various hybrid textile fibers
and mono textile fibers.

Table 4: Compressive strength test results of PMHVFAC with different hybrid textile fibers

Description of (% increase of % increase of (% increase of % increas
PMHVFAC with |compressive compressive compressive strength foricompressive str
different  textile strength w.r.t strength w.r.t hybrid fiberhybrid
fiber ref. mix for 28 ref. mix for 90 [combinations w.r.tcombinations
days days respective mono fibersrespective mon
for 28 days for 90 days
Without fibers |- - - -
(Ref. mix)
CF+PPF 29.30 44.69 14.88 26.10
CF+PEF 15.17 25.80 12.82 12.81
CF+NF 17.79 23.03 7.66 13.62
CF+PF 26.68 7.37 15.24 0.43
CF 11.50 19.81 - -
PPF 9.41 14.74 - a
PEF 9.93 11.51 - -
INF 12.55 8.29 - -
PF 2.08 6.91 - -
50.00 ~ 46.52
= 38.52
< 40.00 34.5 36.89 3585 3481 13437%Average
< 35.00 33.33. 3250, 32,000 31.85% 31 1 compressive
= ’ y ) . 31. 30.96 78,89
5, 30.00 - ; Vi ﬁ o /) y < strength 28
s v :,": 7 f ’ ﬂ / days (MPa)
3 20.00 g 7 ; 7 2 2 3"
£ 15.00 A I A I WY 70 70 mAversge
£ 10.00 / v 7 7 / v 7 :
2 /] . Y /s /) ﬂ v Compressive
E 5.00 A :..': /4 :’ / ’ [/ strength 90
3 AN BB ) B Y
© 0.00 — et 2 Z “H, days (Mpa)
. SEEUE NG S R
& s & voT
N
$‘<\o Discription of concrete
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Figure 5: Variation of compressive strength for 28 and 90 days of PMHVFAC with different
hybrid and mono textile fibers

Table 5: Split tensile strength test results of PMHVFAC with different hybrid textile fibers

Description of (% increase of % increase of (% increase of split tensile/% increase of split tensile

PMHVFAC with [split tensile split tensile strength for hybrid fiberjstrength for hybrid fiber|

different  textile [strength w.r.t strength w.r.t combinations w.r.tcombinations w.r.t

fiber ref. mix for 28 |ref. mix for 90 [respective mono fibersrespective mono fibers
days days for 28 days for 90 days

Without fibers |- - - -

(Ref. mix)

CF+PPF 65.03 48.58 42.37 36.11

CF+PEF 33.59 30.39 21.43 17.81

CF+NF 29.66 24.32 20.00 9.33

CF+PF 21.81 21.29 16.98 17.65

CF 17.88 16.74 - -

PPF 15.91 13.71 - -

PEF 10.02 10.68 - -

INF 8.05 0.16 - -

PF 4.12 3.10 - -
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Figure 6: Variation of split tensile strength for 28 and 90 days of PMHVFAC with different
hybrid and mono textile fibers

Table 6: Flexural strength test results of PMHVFAC with different hybrid textile fibers

Description of (% increase of % increase of (% increase of flexural% increase of flexural

PMHVFAC with [flexural flexural strength for hybrid fiberjstrength for hybrid fiber]

different  textile [strength w.r.t |strength w.r.t combinations w.r.tcombinations w.r.{

fiber ref. mix for 28 |ref. mix for 90 [respective mono fibersrespective mono fibers
days days for 28 days for 90 days

'Without fibers - - - -

(Ref. mix)

CF+PPF 90.35 73.80 79.03 53.18

CF+PEF 69.35 52.12 50.76 35.81

CF+NF 38.91 38.39 27.56 24.35

CF+PF 16.18 30.08 15.81 26.32

CF 12.75 22.13 - -

PPF 12.33 13.46 - -

PEF 12.33 12.01 - -

INF 8.90 11.29 - -
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Figure 7: Variation of flexural strength for 28 and 90 days of PMHVFAC with different hybrid
and mono textile fibers

Table 7: Shear strength test results of PMHVFAC with different hybrid textile fibers

Description of |% increase of |% increase of (% increase of flexural% increase of flexural

PMHVFAC with [flexural flexural strength for hybrid fiberjstrength for hybrid fiber]

different  textile [strength w.r.t |[strength w.r.t combinations w.r.tcombinations W.I.t

fiber ref. mix for 28 [ref. mix for 90 [respective mono fibersrespective mono fibers
days days for 28 days for 90 days

'Without fibers - - - -

(Ref. mix)

CF+PPF 86.22 82.44 38.46 62.22

CF+PEF 68.98 54.95 32.43 51.22

CF+NF 55.18 49.95 25.00 39.53

CF+PF 51.73 29.95 41.94 36.84

CF 44.84 27.46 - -

PPF 34.49 12.46 - -

PEF 27.60 7.46 - -

INF 24.15 2.46 - -
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Figure 8: Variation of shear strength for 28 and 90 days of PMHVFAC with different hybrid
and mono textile fibers

3.2 Micro structural analysis

The samples of PMHVFAC, PMHVFAC with CF fiber, PMHVFAC with PPF fiber and PMHVFAC
with hybrid fiber combination (CF+PPF) are analyzed for scanning electron microscope images. The
microstructure of PMHVFAC produced with hybrid textile fiber combination (CF+PPF) shows a dense
microstructure as compared that of respective individual mono fibers and without any fibers. The SEM
images are shown in figure 9 (a), (b), (c) and (d) for PMHVFAC, PPF, CF and (CF+PPF).
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%

(c) (d)

Figure 9: (a) SEM images of PMHVFAC, (b) PMHVFAC with CF, (¢) PMHVFAC with PPF,
(d) PMHVFAC with (CF+PPF)

4. Observations and discussions

According to results of experiments conducted, the 28 days compressive strength, split tensile strength,
flexural strength and shear strength of PMHVFAC produced with different hybrid textile fibers are
more as compared to reference mix (without fibers) and PMHVFAC produced by using respective mono
textile fibers. Even at 90 days, different strength tests showed a similar trend.

This could be as a result of the fact that synergistic effect of adding of hybrid textile fibers into the
concrete. At various loading stages, the hybrid textile fibers have the ability to arrest cracking. In the
early phase of loading, one fiber will arrest the cracks, and in the latter stages of loading, another fiber
will arrest the cracks.

The results show that PMHVFAC made using hybrid textile fibers (CF+PPF) has a greater 28-day
compressive strength (36.59 MPa), split tensile strength (3.96 MPa), flexural strength (5.92MPa), and
shear strength (10.00 MPa) than (CF+PEF), (CF+NF), and (CF+PF).

The hybrid textile fiber combination (CF+PPF) for PMHVFAC has a compressive strength of 14.88%
stronger than the corresponding mono textile fiber concrete made with PPF and 29.30% higher than the
reference mix (without fibers). The split tensile strength for hybrid textile fiber combination (CF+PPF)
was found to be 42.37% stronger than the corresponding mono textile fiber concrete made with PPF
and 65.03% higher than the reference mix. Similarly for flexural strength the combination of (CF+PPF)
was found to be approximately 79.03% greater than the corresponding mono textile fiber concrete made
with PPF and 90.35% higher than the reference mix. Additionally, it was observed that the shear
strength was 38.46% greater than that of the corresponding mono textile fiber concrete made with PPF
and 86.22% higher than that of the reference mix. A comparable pattern was noticed for 90 days
compressive strength, split tensile strength, flexural strength and shear strength.

This could be because, in comparison to other hybrid textile fiber combinations, (CF+PPF)
hybridization may produce a superior microstructure and may exhibit a better synergistic effect.

5. Conclusions
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1. PMHVFAC produced by different hybrid textile fibers exhibits higher strength characteristics
in all aspects as compared to reference mix (without fiber) and PMHVFAC produced by respective
mono textile fiber concrete.

2. PMHVFAC produced with (CF+PPF) exhibits higher strength characteristics as compared to
the other hybrid fibers combinations. Higher compressive strength, split tensile strength, flexural
strength and shear strength for PMHVFAC is achieved by the hybrid combination (CF+PPF) followed
by (CF+PEF), (CF+NF) and (CF+PF).

3. Since the microstructure of PMHVFAC produced with hybrid fiber combination (CF+PPF)
shows a denser structure, the strength characteristics such as compressive strength, tensile strength,
flexural strength and shear strength are high for PMHVFAC produced with hybrid textile fibers
(CF+PPF).

4. In comparison to PMHVFAC with hybrid textile fibers and PMHVFAC with mono textile
fibers, a greater number of pores were discovered during the microstructural study of reference mix
(without fibers). Because of the addition of fibers into the cement matrix, the fibers have the capacity
to grip the cement paste intact in position creating less pores, this might be one of the reason for getting
higher mechanical strengths for PMHVFAC with hybrid textile fibers and PMHVFAC with mono
textile fibers when compared with reference mix (without fibers).
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