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1. Introduction

In the modern age concrete is one of the most fundamental, long-lasting, and widely used manufacturing
composite materials. Aggregate, cement, and water are combined to create the composite material known
as concrete. However, concrete exhibits weakness in tension and is prone to cracking.

To address this issue, fiber-reinforced concrete has been introduced. It has been established that the
placement of tiny, precisely spaced, and consistently distributed fibers into concrete serves as crack
arresters, meaning that once the concrete begins to crack, the fibers start functioning [1]. When fibers are
added, the concrete remains heterogeneous. This form of concrete is known as “Fiber Reinforced
Concrete” [2].

Fiber-reinforced concrete (FRC) is a composite material consisting of Portland cement, aggregate, and
various fibers. Throughout history, fibers have been used for reinforcement. In ancient times, straw and
horsehair were commonly used as fillers when making mud bricks and mortar. Asbestos fibers were
included in concrete during the early 1900s [3]. Fiber-reinforced concrete garnered attention when the
concept of composite materials emerged in the 1950s. Early in the 1960s, Romualdi, Batson, and Mandel
published studies that made FRC well-known among academic and business research scientists all over
the world [4].

Metal, polymer, glass, and other fibers are used to reinforce concrete. Among these, nylon fibers stand out
as the most popular and well-known due to their strength, durability, and flexibility. Incorporating nylon
fibers into conventional concrete enhances its load-resisting capacity. Compared to conventional cement
concrete, Nylon Fiber fiber-reinforced concrete offers superior flexural, compressive, and tensile strength,
as well as increased frost resistance and reduced permeability [5].

The uniformly dispersed fibers in fresh concrete bolster its resistance against plastic shrinkage fractures.
The consistently dispersed fibers in hardened concrete prevent micro fractures from turning into macro
cracks and causing problems [6].

Furthermore, these fibers bridge and thereby keep existing micro-fractures together, enhancing the
concrete against segregation. In contrast, Nylon fibers enhance performance in resisting splitting and the
development of high stress. Furthermore, these fibers bind the bridge and the ensuing macro-fractures
together, protecting the concrete against degradation. Fig.l. represents the effect of fiber-reinforced
concrete in developing concrete strength to carry a greater load than plain concrete.
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Fig. 1. Usual curve of stress-strain for Fiber Reinforced Concrete [7].
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Concrete elements exposed to fire undergo structural changes such as alterations in tensile strength,
compressive strength, and the strength of reinforcing steel, as well as experiencing the comparative
spalling effect, which can lead to the disintegration of concrete buildings. Incorporating fibers into
concrete can enhance its durability when subjected to heat [8].

Therefore, the objective of this study is to generate information on conventional concrete and Fiber
Reinforced Concrete exposed to fire. The property of FRC at elevated temperatures has not received
sufficient attention. This research provides a comparison of the structural behavior of conventional
concrete (CC) and nylon fiber-reinforced concrete (NFRC) obtained under different temperature
conditions.

The proposed study’s major goal is to compare the effectiveness of employing nylon fiber in concrete to
conventional concrete at elevated temperatures. The objectives to achieve this goal are outlined below:

e To conduct a review of existing literature to gather information and data regarding the
characteristics of conventional concrete and nylon fiber-reinforced concrete at normal and
elevated temperatures.

e To plan experimental setup varying lengths and percentages of nylon fiber at two different
temperatures.

e To compare the mechanical properties of conventional concrete and nylon fiber-reinforced
concrete at normal and elevated temperatures based on experimental values.

2. Experimental programs

2.1. Material properties

Materials used in this study are described below:

Fig. 2. Cement. Fig. 3. Coarse Aggregate. Fig. 4. Fine Aggregate.

Cement: In this study, Ordinary Portland Cement, branded as "Premier Cement," was utilized, as
depicted in Fig. 2.

Coarse Aggregate: Locally available crushed stone chips were used as coarse aggregate by following
ASTM C-33 guidelines which is shown in Fig. 3. In this study, 80% of 20mm down coarse aggregate and
20% Of 12 mm down coarse aggregate were used. Fig. 5 illustrates the gradation curve for coarse
aggregate by maintaining ASTM C-33 guideline [9].

Fine Aggregate: In this study, locally available Sylhet sand (red sand) was used as fine aggregate which
is shown in Fig. 4. Fig. 6 shows the gradation curve for fine aggregate by maintaining ASTM C-33
guideline [9].
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Fig. 5. Gradation curve for coarse aggregate. Fig. 6. Gradation curve for fine aggregate.

Nylon Fiber: Nylon is a thermally stable porous polymer with hydrophilic properties and a wide range of
material resistance. The properties of nylon fiber are determined by the production circumstances and
fiber dimensions [10].

The major reason for utilizing nylon fiber is to enhance the mechanical properties of concrete. Nylon
fibers are beneficial in improving the cohesion of concrete mixes, enhancing resistance to plastic
shrinkage during curing, preventing spalling, impact, and resisting abrasion [11]. The properties of nylon
fiber are presented in Table 1, and variations in fiber length are depicted in Fig. 7.

The melting point of nylon fiber should be known to ensure material integrity and performance in high-
temperature applications. The melting point of nylon fiber was 210°C.

Table 1. Properties of nylon fiber used in the research.

Diameter . Specific ~ Tensile strength ~ Density Melting
Length (mm) (mm) Aspect ratio (L/D) Color oravity (MPa) (kg/m’)  point (oC)
17 25 50 0.07 242 357 714 White 1.13 558 1130 210

Fig. 7. (b) 25 mm Nylon Fiber.

Fig. 7. (¢) 50 mm Nylon Fiber.
Water: Portable water with a pH of 6.5 to 9.5 has been used for curing and mixing.

2.2. Description of test specimens

Here, RFL(PVC) pipes were used as cylinder molds. This study involved the use of 42 cylindrical molds,
with each cylinder having dimensions of four inches (100 mm) in width and seven inches (175 mm) in
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height. Among the 42 concrete cylinder specimens, 21 cylinder specimens were created for the
compressive test, 21 cylinder molds were prepared for the split tensile test, and 6 specimens were created
for each variation based on the length and percentage of nylon fiber as well as temperature. Fig. 8
represents the cylinder mold specifications used in the study.

Fig. 8. Cylinder Molds.

2.3. Concrete mix design

The main objective of concrete mix design is to obtain the desired strength of concrete. In this study, the
mix ratio of concrete is considered as 1:1.5:3 (C: FA: CA) and also the design strength of concrete is
assumed 20 MPa. The water-to-cement ratio (w/c ratio) is taken as 0.48. The fiber weight is calculated
according to the percentage of 1.5% and 3% of fine aggregate. Based on the mix ratio (1:1.5:3), the
required amount of materials for conventional concrete and nylon fiber-reinforced concrete is presented in
Table 2.

Table 2. Mix proportions of the concrete used in the experimental works.

Coarse aggregate

Specimen name r‘l)/yolgrfl Length of Water Cement (kg) aggri:;ate Fiber
fiber nylon fiber (kg) (kg) 20mm 12 mm (kg) (kg)

(égllz (é(éz;c %%331 No Fiber ~ No Fiber 0259 0539 1426 0361 0.874 FI;]I;;
NFlr; EIIJ:zzTCII\\III;éTC NFlc; 1.5 17 0259 0539 1426 0361 0.874 0.013
NFdr; ﬁFFSSTCII\?;%TC NFdc; 3 17 0259 0539 1426 0361 0.874 0.026
NE7r; ﬁFFggTCI;l;%TC NE7c; 1.5 25 0259 0539 1426 0361 0.874 0.013
1;1;11%2 II‘\IIFFllllTCII\?;llz;C 3 25 0259 0539 1426 0361 0.874 0.026
1;1;11332 I;FFll‘;TCII\Ll;IéTC 1.5 50 0259 0539 1426 0361 0.874 0.013
NE16r; NF17r; NF 181, 3 50 0259 0539 1426 0361 0.874 0.026

NF16C; NF17C; NF18c

2.4. Concrete mixing and casting of specimens

Concrete was mixed by using the mixer machine. At the beginning, Coarse Aggregate (CA) along with
Fine Aggregate (FA) and cement were mixed in the machine at dry condition. Then the required quantity
of water as per mix design was added in the machine. Mixing was continued for a total duration of 4
minutes. For NFRC, after adding water, the nylon fibers were dispersed by hand in the mixture to ensure
uniform distribution of fibers in the concrete. After the mixing was done, the workability of fresh concrete
was measured by using a slump cone. Subsequently, the concrete mix was poured into the prepared
cylinder molds, which were lubricated beforehand on the inside. The concrete was placed in each mold in
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three layers, each of which was compacted using a tamping rod. Finally, the top surface of the mold was

smoothed using a smooth steel trowel. The construction process of cylinder specimens is depicted in
Fig.9.

Fig. 9. (a) Concrete Mixer, (b) Conventional Concrete mix, (¢) Nylon Fiber Reinforced Concrete mix, (d) Casting
of a Concrete Specimen, (e) Compacting, (f) Leveling, (g) Constructed specimens.

2.5. Curing of concrete

The concrete specimens were kept in fresh water at submerged conditions for curing to ensure adequate
moisture as requirements of the specification by ASTM C192/C192M-02 [12]. After curing for 28 days,
the concrete cylinder specimens were used for the test. Fig. 10 illustrates the curing process of some
concrete cylinder specimens.

Fig. 10. Curing of some concrete cylinder specimens.

2.6. Test on concrete
2.6.1. Slump Test

The purpose of this test is to assess the workability of the concrete mixture by evaluating the consistency
of freshly poured concrete. ASTM C143/C143M specifies the use of a slump cone to gauge the slump
value of the newly mixed concrete, as shown in Figure 11. [13].
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=

Fig. lln Slump test.
2.6.2. Heat Test of Specimens

The specimens' compressive and split tensile strength were tested after being cured for 28 days. Before
testing, twenty-eight concrete specimens were heated to elevated temperatures (400°C and 800°C) for
about an hour using an oven. Subsequently, the specimens were tested at normal temperature, 400°C, and
800°C to assess the variation in the strength of conventional concrete and NFRC. The heating of
specimens at elevated temperatures in the oven is shown in Fig. 12.

S\
FHE AN

Fig. 12. Specimen heat at elevated temperature in the oven.
2.6.3. Compressive and Split Tensile Strength Test

Compressive and split tensile strength were tested using a UTM (Universal Testing Machine) following
ASTM C39/C39M and ASTM C496 test methods [14]. The tests involved applying a compressive load
using the UTM. The compressive and split tensile strengths of the concrete were determined by dividing

the maximum applied load at failure by the specimen’s area. The test setup is shown in the following
Figs. 13 and 14.

Fig. 14. Process of split tensile strength test
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2.7. Correction factor

According to ASTM C31/C31M-12, the standard size of a concrete cylinder for compressive and split
tensile strength test is 6”’x12” (150mm x 300mm) [15]. However, in this study, 4”x7” (100mm x 175mm)
cylinders were used due to space limitations in the oven. Therefore, a correction factor had to be applied
to determine the actual test results for the 6”x12” concrete specimens.

According to ASTM (C42-77, if the length-to-diameter ratio is 1.75 or less, then the obtained compression
test result needs to be multiplied by the appropriate correction factor [16]. The correction factor values are
provided in Table 3.

Table 3. Correction factor for compression test.

L/D 1.75 1.50 1.25 1.00

Factor 0.98 0.96 0.93 0.87

In this study, a mold with a height of 7 inches (175 mm) and a diameter of 4 inches (100 mm) was used.
The L/D ratio of the test specimen is 7/4=1.75, for which the correction factor is 0.98. Therefore, the
obtained result had to be multiplied by 0.98 to determine the actual compression test result.

For the split tensile test, ASTM C496/C496M-11 code was followed [17]. However, unlike the
compression test code, a correction factor was not provided. Tran and Graubner (2018) determined the
correction factor in their research article to convert the split tensile strength of any size of specimen to the
standard size 6”x12” (150 mm x 300 mm) [18]. Fig. 15 illustrates the correction factor for split tensile

strength.

4.0 i 4.0
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Fig. 15. Correction factor for split tensile strength. [18].

According to ASTM C496/C496M-11 [17],
The tension area in splitting tensile strength is (w DL).
Tension area of standard sample, Ao = (m x 6”x12”) or (r x 150 mm x 300 mm)

And, Tension area of test sample, A = (m x 4”x7”) or (r x 100 mm x 175 mm)

A (mx100mmx175mm)

So, the area ratio, — = 4
Ag (mx150 mm x 300 mm)

Now, using the area ratio 0.4, the correction factor is found 1.1.

Therefore, the obtained result had to be multiplied by 1.1 to determine the actual split tensile test result.
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3. Result and discussion

3.1 Slump test result
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The study assessed slump values in accordance with ASTM C143/C143M, demonstrating changes in
material, water content, or mix proportions. Therefore, controlling the quality of the concrete produced is
critical. Table 4 represents the slump values for different fiber lengths and fiber percentages.

Table 4. Slump values for different fiber length and fiber percentages.

Fiber Length (mm) Fiber ;Zf;)():entage Slur(nrgn\l])a lue Degree of workability

No fiber No fiber 150 High
17 1.5 40 Low
3 33 Low

25 1.5 20 Very Low

3 14 Very Low

50 1.5 14 Very Low

3 12.5 Very Low

Figs. 16, 17, 18 & 19 represent the slump values for different fiber lengths and fiber percentages.

(a)

(d) (e) ()

Fig. 16. Slump value for sample specimen of (a) conventional concrete (b) NFRC (17 mm,1.5% nylon fiber) (c)
NFRC (17 mm, 3% nylon fiber) (d) NFRC (25 mm,1.5% nylon fiber) (¢) NFRC (25 mm, 3% nylon fiber) (f) NFRC
(50 mm,1.5% nylon fiber) (g) NFRC (50 mm, 3% nylon fiber).

o o
v oS W S
S e e S

Slump Value {mm)
=

Slump Test Result

BNo Fiber
1.5% Nylon
20 14
7R [T 3% Nylon
No Fiber 1.5% Nylon 3% Nylon

Slump Test Result
T 200 B No Fiber
£150
0
2100 ©11.5% Nylon
% 50 o 3
5y B MM gasnyon
No Fiber 1.5% Nylon 3% Nylon
Fiber Percentage for 17 mm Mylon Fiber [%)

Fiber Percentage for 25 mm Nylon Fiber (%)

Fig. 17. Slump value for 17 mm nylon fibrous Fig. 18. Slump value for 25 mm nylon fibrous

NFRC. NFRC.
Slump Test Result
.
E DN Fiber
E 150
5
3 100 B1.5% Nylon
g 50 14 125
2 0 lerarsi mmmn 3% Nylon
No Fiber 1.5%Nylon 3% Nylon
Fiber Percentage for 50 mm Nylon Fiber (%)

Fig. 19. Slump value for 50 mm nylon fibrous NFRC.
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From Figs. 17, 18, and 19, it can be observed that the inclusion of fibers like nylon in concrete reduced
the workability of the concrete. The bar graphs for three different lengths of nylon fiber show that with an
increase in fiber length and percentage, the slump value decreased, indicating a reduction in workability.
When the fiber volume increased, it made the movement of aggregates more difficult by reducing the
lubricating effect of the cement paste.

3.2 Compressive strength test result

After 28 days of curing, the experimental results for compressive strength were obtained following the
ASTM C-39 standard. Twenty-one compressive strength tests were conducted using three different
lengths and percentages of nylon fibers. Three tests were performed on conventional concrete cylinder
specimens, and the remaining tests were conducted on nylon fiber-reinforced concrete cylinder
specimens. Three temperature ranges were considered to evaluate the effectiveness of nylon fiber-
reinforced concrete (NFRC).

Table 5 represents the compressive strength for different fiber lengths and fiber percentages at different
temperatures.

Table 5. Compressive strength for different fiber lengths and fiber percentages at different temperatures.

Compressive strength

ll;bget; Percoentage Temperature ~ Specimen Load Comp(r)?s:’l’v : ;irength Conversion conxerted”for
(mm) (%) (°C) name (kN) Specimens (MPa) Factor 6 x 12
Specimens (Mpa)
- CClc 98.5 12.5 12.3
0 No Fiber 400 CC2e 71.8 9.1 9.0
800 CC3c 31.7 4.0 4.0
- NFl1c 143.9 18.3 18.0
1.5 400 NF2¢ 80.5 10.2 10.0
17 800 NF3¢ 49.5 6.3 6.2
- NF4c 104.9 13.4 13.1
3 400 NF5¢ 55.4 7.1 6.9
800 NF6c 43.2 5.5 5.4
- NF7c 151.6 19.3 18.9
1.5 400 NF8¢ 86.2 11.0 0.98 10.8
25 800 NF9¢ 55.6 7.1 6.9
- NF10¢ 103.2 13.1 12.9
3 400 NFl1lc 64.7 8.2 8.1
800 NF12¢ 35.9 4.6 4.5
- NF13¢ 166.8 21.2 20.8
1.5 400 NF14¢ 98.9 12.6 12.3
50 800 NF15¢ 74.2 9.5 9.3
- NF16¢ 138.2 17.6 17.2
3 400 NF17¢ 81.4 10.4 10.2
800 NF18¢ 53.2 6.8 6.6

Fig. 20 represents the compressive strength test results for normal temperature condition. From Fig. 20, it
can be observed that the mixture containing 1.5% of 50 mm nylon fibers appears to perform well under
normal temperature conditions.

10
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Fig. 21 to Fig. 24 represent compressive strength for different lengths and percentages of nylon fibrous
concrete specimens.

Compressive Strength Vs Fiber length & percentage Compressive Strength Vs Temperature
(17 mm Fiber)
25

20.8 20
20 18 18.5 18

Compressive Strength (MPa)

Compressive Strength (MPa)

s = =
a
0 2
Fiber Length & Percentage o
400 °C 800 °C
m No fiber m 17 mm, 1.5% Nylon Fiber Fiber Langth & Parcantage
= 17 mm, 3% Nylon Fiber M 25 mm, 1.5% Nylon Fiber
®m 25 mm, 3% Nylon Fiber m 50 mm, 1.5% Mylon Fiber ——e— No fiber —m—17 mm, 1.5% Nylon Fiber —t=—17 mm, 3% Nylon Fiber
Fig. 20. Compressive Strength comparison Fig. 21. Compressive strength comparison graph of
histogram (in normal temperature). 17 mm nylon fibered NFRC with conventional
concrete at elevated temperatures.
Compressive S“e“g”[ Vs Temperature Compressive Strength Vs Temperature
(25 mm Fiber) (50 mm Fiber)
it 25
= 16 T
£ ia £ 2°
= =
5 12 E" is5
E_ 10 g
s = g 10
E. L 2 5
g = 8
o o
400 °cC 00 °C - 400 °C 800 °C
Fiber Length & Percentage Fiber Length & Percentage
—— NO fiber —#— 25 mm, 1.5% Nylon Fiber —e—25 mm, 3% Nylon Fiber —eo— Mo fiber —m— 50 mm, 1.5% Nylon Fiber —#—50 mm, 3% Nylon Fiber

Fig. 22. Compressive strength comparison graph of  Fig. 23. Compressive strength comparison graph of
25 mm nylon fibered NFRC with conventional 50 mm nylon fibered NFRC with conventional
concrete at elevated temperatures. concrete at elevated temperatures.

From Figs. 21, 22, and 23, it can be observed that for all three length variations (17 mm, 25 mm, and 50
mm), the maximum compressive strength was found in nylon fiber with a 1.5% wvariation for all

temperature conditions when compared with conventional concrete and the 3% nylon fibrous concrete
variation.

Compressive Strength (MPa)
Vs Temperature (°C)

25

10

Compressive Strength {Mpa)

400 °C 800 °cC
Temperature (°C)
—4— No fiber —=—17 mm, 1.5% Nylon Fiber
—#—17 mm, 3% Nylon Fiber ~=¢=25 mm, 1.5% Nylon Fiber
——25 mm, 3% Nylon Fiber —e— 50 mm, 1.5% Nylon Fiber

—— 50 mm, 3% Nylon Fiber

Fig. 24. Compressive Strength comparison graph at different temperatures.

From Fig. 24, considering all conditions, the optimum solution can be identified. Here, it appears that
using 1.5% of 50 mm nylon fiber in the concrete mixture shows potential for achieving desirable
compressive strength at both normal and elevated temperatures.

The percentage of loss in compressive strength when the specimens are exposed to high temperatures
(400°C and 800°C) is presented in Table 6 as a percentage of the original strength.

11
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Table 6. Compressive strength improvement checks for different length of fiber with different percentages at
different temperatures.

Compressive strength increases for using fiber (%)

Fiber Length (mm) Fiber percentage (%) (Room temperature) (400°C) (300°C)

No Fiber - - -
17 1.5 46.3 11.1 55
3 39.8 No increase 35
No Fiber - - -

25 1.5 53.7 20 72.5

3 49 No increase 12.5
No Fiber - - -

50 1.5 69.1 36.7 132.5
3 39.8 13.3 65

It can be noted from Table 6 that for 17 mm and 25 mm lengths of fiber, 1.5% nylon fiber usage is
effective for both normal temperature and elevated temperature. It can be also noted that 50 mm is not
recommended if the elevated temperature is low and for higher elevated temperature case 1.5% of 50 mm
fiber can be used in NFRC.

3.3. Crack generation for compression test

Fig. 25 represents different types of crack formation due to compression test.

(e) (f)

Fig. 25. (a) Type 2 cracking: Vertical cracks running through one end and no well-defined cone on other end, (b)
Type 5 cracking: Side fractures at top, (¢) Type 3 cracking: Columnar vertical cracking through both ends, (d) Type
2 cracking: Well-formed cone on one end, (e) Type 4 cracking: Diagonal fracture with no cracking through ends, (f)

Type 1 cracking: Less than 1 in. (25 mm) of cracking through caps.

From Fig. 25, it can be observed that during compression load application, fibrous concrete cylinders
potentially generate lateral tension, initiating and propagating fractures. When the expanding crack
reaches the interface, the tip of the fracture becomes dulled. Debonding at the fiber-matrix interface
begins when the expanding crack approaches a fiber due to tensile forces perpendicular to the anticipated
plane of the expanding fracture. The blunting process reduces the stress concentration at the fracture tip,
preventing the crack from propagating further and even altering its path [19].

3.4. Split tensile strength test result

After 28 days, the cylinder specimens underwent the ASTM C-496 test to ascertain their split tensile
strength. Twenty-one split tensile strength tests were conducted employing three distinct lengths and three
different percentages of nylon fibers: 0.0%, 1.5%, and 3.0%. Among these tests, three were carried out on
conventional concrete cylinder specimens, while the remaining were performed on specimens reinforced
with nylon fibers.

Table 7 represents the split tensile strength for different fiber lengths and fiber percentages at different
temperatures.

12
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Table 7. Split tensile strength for different fiber length and fiber percentages at different temperatures.

Fiber . Split tensile . Split tensile
length Percoentage Temlzerature Specimen Load strength of 4 x 7” Conversion strength”conve’fted
(mm) (%) (°C) name (kN) Specimens (MPa) Factor folr 6”x 12
Specimens (Mpa)
- CClr 63.5 2.3 2.5
NS 400 CC2r 432 1.6 1.7
800 CC37 10.6 0.4 0.4
- NFl1r 65.3 2.4 2.6
1.5 400 NF2r 44.8 1.6 1.8
17 800 NF3r 19.1 0.7 0.8
- NF4r 52.7 1.9 2.1
3 400 NF5t 41.8 1.5 1.7
800 NF6r 10.4 0.4 0.4
- NF7r 82.5 3.0 33
1.5 400 NF8r 47.5 1.7 1.1 1.9
95 800 NF9r 23.8 0.9 1.0
- NF10t 58.8 2.1 2.4
3 400 NF1lr 34.6 1.3 1.4
800 NF12r 15.9 0.6 0.6
- NF13t 56.8 2.1 2.3
1.5 400 NF14r 36.8 1.3 1.5
800 NF15+¢ 27.8 1.0 1.1
50 - NF161 46.4 1.7 1.9
3 400 NF17t 28.9 1.1 1.2
800 NF18r 22.2 0.8 0.9

Fig. 26 depicts the split tensile strength test results for normal temperature conditions. Upon analysis of
Fig. 26, it can be observed that 1.5% of 25 mm nylon fiber in the concrete mixture appears to exhibit the
most potential at normal temperature conditions.

Fig. 27 to Fig. 30 represent split tensile strength for different lengths and percentages of nylon fibrous
concrete specimens.

Split Tensile Strength Vs Fiber length & percentage Split Tensile Strength ¥s Temperature
3.5 2.2 (17 mm Fiber)

3
2.5 2.6 3

Split Tensile Strength (MPa)
N

Split Tensile Strength (MPa)

Fiber Length & Percentage

m No fiber m 17 mm, 1.5% Nylon Fiber - 400 °C 800 °C
=17 mm, 3% Nylon Fiber =25 mm, 1.5% Nylon Eiber )
Fiber Length & Percentage
m 25 mm, 2% Nylon Fiber m 50 mm, 1.5% Nylon Fiber
m 50 mm, 3% Nylon Fiber —g—MNo fiber —m—17 mm, 1.5% Nylon Fiber =—ge—17 mm, 3% MNylon Fiber
Fig. 26. Split Tensile Strength comparison histogram  Fig. 27. Split Tensile strength comparison graph of
(in normal temperature). 17 mm nylon fibered NFRC with conventional

concrete at elevated temperatures.

Figs. 27, 28, and 29 show that for all three length variations (17 mm, 25 mm, and 50 mm) separately, the
maximum split tensile strength was found in nylon fiber with a 1.5% variance for all the temperatures
compared to conventional concrete and a 3% nylon fibrous concrete variation.

13



A. Nath Abhi et al.

Journal of Rehabilitation in Civil Engineering 14-1 (2026) 1977

Split Tensile Strength Vs Temperature
(25 mm fiber)

3.5

2.5

15

0.5

Split Tensile Strength (MPa)

400 °C
Fiber Length & Percentage

800 °C

—¢—No fiber —=—25 mm, 1.5% Nylon Fiber —#—25 mm, 3% Nylon Fiber

Split Tensile Strength Vs Temperature
{50 mm fiber)

2.5

15

0.5

Split Tensile Strength (MPa)

400 °C 800 °C

Fiber Length & Percentage

e N O fiber == 50 mm, 1.5% Nylon Fiber =—#e— 50 mm, 3% MNylon Fiber

Fig. 28. Split Tensile strength comparison graph of
25 mm nylon fibered NFRC with conventional
concrete at elevated temperatures.

Fig. 29. Split Tensile strength comparison graph of
50 mm nylon fibered NFRC with conventional
concrete at elevated temperatures.

split Tensile Strength (MPa)
Vs Temperature (°C)

Split Tensile Strength (MPa)

400 °C

800 °C
Temperature (°C)

—a— No fiber

—te— 50 mm, 3% Nylon Fiber

—— 17 mm, 2% Nylon Fiber

——25 mm, 3% Nylon Fiber

—a— 50 mm, 1.5% Nylon Fiber
——17 mm, 1.5% Nylon Fiber
—a—25 mm, 1.5% Nylon Fiber

Fig. 30. Split Tensile Strength comparison graph at different temperatures.

From Fig. 30, it appears that the optimum solution can be obtained when considering all conditions.
Specifically, incorporating 1.5% of 25 mm nylon fiber into the concrete mixture shows promising results
for split tensile strength, both at normal and elevated temperatures.

From Fig. 20 to Fig. 30, it can be observed that compared to standard M20 concrete specimens, the use of
both 1.5% and 3% fiber increased the strength. However, employing 1.5% fiber in NFRC yielded higher
compressive and split tensile strength than utilizing 3% fibered NFRC, primarily due to the balling effect
of the fiber, which exhibits a strong correlation with fiber length and percentage. Higher percentages of
long fiber (2 inch — 2 inch) result in a higher possibility of the balling phenomena, which reduces the test
specimen’s capacity. Compressive and split strength steadily dropped as the temperature increased from
atmospheric to 400 °C oven heat and subsequently to 800 °C oven heat. Micro-cracking within the
concrete microstructure, an increase in pore size, and varying degrees of spalling are some potential
causes of the strength loss that occurs with rising temperatures.

The percentage of loss in tensile strength when the specimens are exposed to high temperatures (400°C
and 800°C) as a percentage of the original strength are shown in Table 8.

Table 8. Split Tensile strength improvement checks for different length of fiber with different percentages at
different temperatures.

Split Tensile strength increases for using fiber (%)

Fiber Length (mm) Fiber percentage (%) (Room temperature) (400°C) (300°C)
No Fiber - - -
17 1.5 4 5.9 100
3 No increase No increase No increase
No Fiber - - -
25 1.5 32 11.8 150
3 No increase No increase 50
No Fiber - - -
50 1.5 No increase No increase 175
3 No increase No increase 125
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It can be noted from table 8 that for 17 mm and 25 mm lengths of fiber, 1.5% nylon fiber usage is
effective for both normal temperature and elevated temperature. It can be also noted that 50 mm is not
recommended if the elevated temperature is low and for higher elevated temperature case 1.5% of 50 mm
fiber can be used in NFRC.

3.5 Crack generation for split tensile test

Fig. 31 represents the Crack formation due to the split tensile strength test.

Cracking of Cracking of Cracking of Cracking of Cracking of
NFRC (17 mm, NFRC (25 mm, NFRC (50 mm, NFRC (17 mm, conventional
1.5% nylon) at 1.5% nylon) at 1.5% nylon) at 3% nylon) after concrete after

normal normal normal heated at 800 heated at 800
temperature temperature temperature °C temperature °C temperature

Cracking of Cracking of Cracking of Cracking of Cracking of
NFRC (17 mm, NFRC (17 mm, NFRC (17 mm, NFRC (50 mm, NFRC (50 mm,
1.5%) after 3%) after 1.5%) after 3% nylon) after 1.5%) after
heated at 400 heated at 800 heated at 800 heated at 400 heated at 800
°C temperature °C temperature °C temperature °C temperature °C temperature

Fig. 31. Failure patterns of cylindrical specimens during split tensile strength.

From Fig. 31, it is notable that as the splitting initiated and continued, the fibers spanning across the split
sections of the matrix responded by transferring stress from the matrix to the fibers, gradually supporting
the entire load. This stress transfer enhanced the tensile strain capability of the fiber-reinforced concretes,
thereby increasing their splitting tensile strength. This indicates that the bonding within concrete was
improved by incorporating nylon fiber as an admixture, thus aiding in the reduction of cracks and
enhancing durability [20].

3.6. Crack due to elevated temperature

Fig. 32 represents the Crack formation due to elevated temperature. Concrete exposed to the elevated
temperatures of a fire can experience both mechanical and chemical changes. Potential mechanical
changes include:

» Spalling - The expulsion of portions of concrete from the surface layer.
» External cracking - Thermal expansion & dehydration of concrete [21].

Due to these factors, both the split tensile strength and the compressive strength of the test specimens
decreased with the increasing oven temperature from 400°C to 800°C. In this study, spalling was
observed in some specimens heated to 800°C. Surface cracks caused by high heat were minimized by
using NFRC, with NFRC containing 3% showing better performance in reducing cracks than 1.5% nylon
fibrous concrete.
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Concrete Spalling because
Of heatat 800 °C

(a) Some specimens before
heat test

(b) A Specimen after heated (c) A specimen afterheated
at 400 °C oven temperature at 800 °C oven temperature

Fig. 32. Crack formation due to elevated temperature.
4. Conclusions

From the result and analysis of the study, it can be concluded that:

e As the fiber length and percentages increase, the workability of freshly poured concrete decreases
while maintaining the same design mix ratio for both conventional concrete and NFRC.

e Strength (Compressive and tensile) decreased with increasing temperature for both conventional and
Nylon fiber-reinforced concrete.

e 1.5% nylon fiber shows better compressive and split tensile strength compared with 3% nylon fiber at
elevated temperatures.

e A 3% nylon fiber dosage reduces mechanical strength due to fiber balling, emphasizing the need for
optimal fiber distribution.

e Compressive strength was tested under three temperature conditions: normal temperature, 400°C, and
800°C, where the combination of a 1.5% dosage and 50 mm length of nylon fiber achieved the most
effective strength result.

e Considering the split tensile strength, 1.5% dosage and 25 mm length of nylon fiber provided the best
result compared to other lengths and dosage in three temperature conditions.
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