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Abstract

The use and application of natural fiber in the Construction and Building sector is gaining momentum due to its various advantages
over synthetic fibers, mainly in terms of sustainability, recyclability, and biodegradability.

In this paper, two aspects of the jute fiber composite mortar have been discussed. Firstly, the effect of water on the mechanical
performance of the jute fiber composite mortar samples has been presented here. Secondly, the Digital Image Correlation (DIC)
method has been used to analyze and determine the crack openings (mm), in the deformed specimens that occurred during the
flexural tests.

Notably, for 0.5% (fiber lengths: 30 mm, 10 mm, 5 mm) and 1.0% (fiber length: 30mm) fiber (with respect to the dry mortar mass)
composite mortar samples prepared with the same water amount, exactly the same used for the mortar (without fiber). The reduction
in flexural (-1.47 to -2.79 MPa) and compression strengths (5.4 to -14.01 MPa) have been observed when compared with similar
combinations (fiber % and fiber lengths) prepared with different amounts of water for every mixture. Whereas, when these composite
mortars are compared with samples prepared with the same average water, increment in flexural strengths (0.24 to 1.45 MPa), while
changes in compressive strengths ranging from -1.67 and 6.22 MPa have been noticed.

The percentage of water used for the grout preparation is an important factor in influencing the mechanical performance of the
composite sample. Therefore, whenever fiber is used during the composite mortar fabrication some amount of extra water is
necessary for the mixture preparation.
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1 Introduction

In recent years, the craze to re-discover traditional build-
ing materials can be found among researchers and scien-
tists, while sustainability and environmental protection are
the main targets of their research activities. Traditionally,
houses were always built with locally available natural raw
materials, but only from the end of the nineteenth century
the industrialized building materials like concrete, steel,
and man-made (organic and synthetic) fibers dominate the
Construction and Building (C&B) sector [1].

Mainly steel and synthetic (glass, carbon, polyvinyl, poly-
olefin, polypropylene, etc.) are used for the Fiber Reinforced
Concrete (FRC), and sometimes natural fibers are also used
for this purpose [2, 3]. For structural and non-structural

strengthening, retrofitting, or upgrading, man-made fibers
like glass [4-6], carbon [7], basalt [8-10], etc. are used as
fiber composites and Fiber Reinforced Polymers (FRP) are
used. Whereas for masonry retrofitting or upgrading, the use
of glass [11, 12], carbon [13-15], basalt [16-18], steel [19],
polypropylene [20] Textile-Reinforced Mortar (TRM) sys-
tems can be found in the literature. The man-made fibers
are widely used, and their vast applicability is due to their
higher strength and durability [21], moreover, these fibers
are widely studied, and specific standards are available for
their use and applications.

Notably man-made (organic and inorganic) fibers could
be detrimental to human health, as well as to the nature and
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ecosystem, as these fibers are not biodegradable [22]. These
fibers are made from non-renewable sources and their pro-
duction processes are not ecologically friendly [22].

The C&B sector is directly and indirectly responsible
for global warming and environmental pollution, it emits to
the environment about 39% (globally) and 3% (in the EU)
of the total CO, [23-25]. At the same time, Construction
and Demolition (C&D) also produces (the majority goes to
landfill) about 180 tons of waste every year [26]. Therefore,
the use of Naturals Fibers (NF) in the C&B sector gain-
ing importance due to having a lower environmental foot-
print [27] when compared with man-made fibers. On the
other hand, natural fibers are bio-degradable, recyclable,
relatively low in cost of production and processing, easily
available, and at the same time, these fibers have good ther-
mal and mechanical properties [28].

Various concepts already been experimented around
the globe, and the applicability of natural fiber as building
materials, like NFRC [29], composite and mortars [30, 31],
NFRP (Jute, Sisal, Hemp and Flax [32]) and NFTRM
(flax [33, 34], jute [33], hemp [35]) have been studied in
these last few years with the aim these to be used for struc-
tural and/or thermal strengthening. There are some pros
(low density, high specific strength, and stiffness, low
environment impact, etc.) and cons (lower durability, lower
strength, high moisture absorption, etc.) for natural fiber
composites, as reported in [36], whereas the comparison
with synthetic fibers can be found in [37]. Natural fibers
have higher insulation capacity [37, 38] when compared
with synthetic fibers, and when considered the global sus-
tainability, recyclability, and biodegradability of the natu-
ral fiber composite or insulation panels are ideal for use as
thermo-acoustic insulating building materials [30].

It has been highlighted that for natural fiber compos-
ite mortar with the increase of fiber percentages (with
respect to the dry mortar mass) the flexural and compres-
sion strength reduces, on the other hand, the strain energy
increases significantly which helps in dissipating the
applied load energy [31].

Itis quite difficult to measure the crack and crack patterns
using conventional instruments like displacement sensors
or strain gauges, therefore Digital Image Correlation (DIC)
is an important tool to measure the crack dimensions and
analysis the crack patterns (provided by DIC software) and
being a non-contact fill-filed measuring procedure, is get-
ting popular among scientists and researchers.

Notably, the DIC was already in use in the 1980s [39],
it is an optical method to measure 2D or 3D coordinates
for evaluation of required mechanical behaviors [40] and
structural properties [41]. While the working principle of
the DIC depends on analyzing the initial and final pic-
tures, before and after the deformation of the target sam-
ple, respectively [42].

The present experimental work investigates the effect of
water on the mechanical performance of the jute fiber com-
posite mortar samples when the same amount of water has
been used, as has been used for the mortar without fiber.
Whereas the DIC method has been used to analyze and
determine the cracks opening (mm) in the deformed spec-
imens, before reaching the ultimate displacement point,
during the flexural tests. For the DIC analysis, a very popu-
lar GOM correlate software has been used. Notably, this is
a continuation of the research activities conducted in [31].

After a brief introduction, the detailed experimental
procedure is explained in the material and method section.
Thereafter the outcomes are highlighted in the result sec-
tion and the final observations are reported in the conclu-
sion section.

2 Material and methods

During this experimental campaign, the flexural strength,
compression strength, and strain energy of each com-
posite mortar type were analyzed, and later these values
were compared with the mortar samples of the same fiber
percent (with respect to the dry mortar mass) and fiber
lengths, can be found in of the author's previous work [31].

2.1 Materials
2.1.1 Raw jute fibers
The jute fiber of Bangla Tosha — Corchorus olitorius
(golden shine) origin has been used during this experimen-
tal campaign. The raw fibers on average are 3.5 m long and
have been collected from a village of West Bengal, India.
The mechanical behavior and physical properties of these
fibers have been evaluated by the authors in [43] and can
be found in Table 1.

For composite mortar preparation, the jute fibers were
cut into 30 mm, 10 mm, and 5 mm fiber lengths (Fig. 1).

Table 1 Jute fiber properties [43]

Tensile

Elastic modulus
strength

Max. axial strain  Stain energy

215 MPa 0.0131 0.77 N mm 16.97 GPa
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Fig. 1 Jute fiber: (a) 30 mm; (b) 10 mm; and (c) 5 mm

2.1.2 Mortar

The mortar is nominated as Structural Mortar (SM), it is
a premixed mortar for masonry and it is constituted with
hydraulic binders and selected aggregates. The compres-
sive strength, shear strength and dry density are about
10 MPa, 0.15 MPa and 1545 kg/m?, respectively.

2.2 Test procedure

2.2.1 Composite mortar preparation

The composite samples were prepared by using vari-
ous combinations (Table 2) of jute fiber lengths (30 mm,
10 mm and 5 mm) and for 0.5% and 1% fiber (with respect
to the dry mortar mass) (Fig. 2(a)).

Samples are labeled in Table 3 MS identifies it as struc-
tural mortar, x signifies the casting number, whereas F
for fiber, then fiber percentages (0.5% and 1%) and fiber
lengths (30 mm, 10 mm and 5 mm), while My is the Mold
and its number, and ending with the sample and its num-
beri.e., Sz.

For example, a composite mortar sample MS1(SW)
F0.5(10)M1S1 (Fig. 1) can be decoded as structural mor-
tar (MS) has been used for the composite preparation with
casting number 1, where the amount of water, fiber per-
centage (with respect to the dry mortar mass) and fiber
length used for its preparation is equal to SW (Table 3),
0.5% and 10 mm, respectively, and at the end it tells that the
mold number 1 has been used to cast the sample number 1.

For convenience, in the following sections, the compos-
ite mortar samples prepared with SW will be expressed as
MS(SW).

During this experimental phase, the amount of water

Table 2 Composite mixture and mortar samples: fiber percentage (with
respect to the mortar mass) and fiber length combination scheme

Fiber length
30 mm 10 mm 5 mm
Fiber percentage  0.5% Yes Yes Yes
1.0% Yes Yes and No*  Yes and No*

Note: Yes represents the grout preparation and No represents
i.e., no samples were prepared due to the mixture-composition failing
the workability test.
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used for all combinations and grout preparation is exactly
equal in quantity (Table 4). The Same Water (SW) is the
equivalent amount of water that has been used for the
normal mortar sample without fiber nominated as MS
(no fiber) and reported in [31].

In this case, the effect of the water on fiber, when jute
fiber comes in contact with water as reported in [43] has
not been considered.

EN 1015-2:2007 [44] and EN 1015-3:2007 [45] have
been considered as reference documents for the grout
preparation and workability test, respectively.

During the composite mortar preparation phase, jute
fiber (in combinations as mentioned in Table 2) and the dry
mortar were mixed without any water for about 30 seconds
inside a mixture. Thereafter water (amount as mentioned
in Table 4) was poured continuously in small amounts and
the mixture was stirred for about 7 mins (Fig. 2 (b)). After
the mixtures were prepared, the grouts were subjected to
shaking table tests (Fig. 2 (c), (d) and (e)) to evaluate their
workability, when the subjected grout was in at fresh state.

During the shaking table test, the spreading diameters of
the jute fiber composite mortars were compared with the ref-
erence mortar (SM). Acceptability of the composite mortars
was determined when the average variation range of £10%
between two consecutive tests was obtained, see Table 5.

Mainly two molds (Fig.2 (f) and (g)) were used to cast
six samples (of dimensions 160 mm x 40 mm x 40 mm),
which are to be used for the mechanical tests. After the
samples were prepared, the samples along with mold were
placed inside plastic bags for the first two days. Samples
were taken out from the molds on the 3 day, from the day
of casting and then they were re-placed inside another plas-
tic bag for 5 days (Fig. 2 (h)). After this controlled drying
(corresponding from the 2nd to 8" day) the samples were
taken out from the plastic bags and placed in a room with
an ambient temperature of 25 °C and relative humidity
65% (Fig. 2 (i)). Notably the EN 1015-11:2019 standard [46]
has been followed for sample curing.

During this experimental campaign, MS(SW) samples
are compared with two different composite mortar sam-
ple categories, distinctly MS(SAW) and MS, and specifi-
cations are highlighted in Table 6.

2.3 Evaluation of mechanical properties

On the 28" day from the sample casting date, the mechan-
ical properties of the jute fiber composite mortar samples
(160 mm x 40 mm x 40 mm) were evaluated through flex-
ural and compression tests. The dimensions of each sample
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Fig. 2 Composite mortar samples preparation process: (a) Mortar, jute fibers (30 mm, 10 mm, and 5mm) and water; (b) composite mortar mixture;

(c) mortar inside the brass mold; (d) mortar without brass mold; (e) spread mortar after the test; (f) casting of samples; (g) samples extraction after 3

day from casting day; (h) samples put in plastic for another 5 days; and (i) samples left for natural drying

Table 3 Composite mortar identification scheme

Fiber length
30 mm 10 mm 5 mm
Fiber percentage 0.5% MSx(SW)F0.5(30)MySz MSx(SW)F0.5(10)MySz MSx(SW)F0.5(5)MySz
1.0% MSx(SW)F1(30)MySz MSx(SW)F1(10)MySz MSx(SW)F1(5)MySz
Table 4 Dry mortar mix to water proportion

Sample nomenclature Mortar (without and with fiber) Water

MS (No fiber) [31].

MS(SW)F0.5(5), MS(SW)F0.5(10) and MS(SW)F0.5(30) 85.00% 15.00%

MS(SW)F1(5), MS(SW)F1(10) and MS(SW)F1(30)

Note: fibers are added with respect to the dry mortar mass.

Table 5 Shaking table test of the jute fiber composite mortars

Reference sample

Reference value

MS (no fiber) [31]

164 mm

Tested samples

Change in spreading diameter values with respect to = 10% of the MS (no fiber)

MS(SW)F0.5(5)
MS(SW)F0.5(10)
MS(SW)F0.5(30)
MS(SW)F1(5)
MS(SW)F1(10)
MS(SW)F1(30)

(minus) L.11%
(minus) 3.23%
(minus) 3.96%
No samples were prepared*
No samples were prepared*

(minus) 2.63%

Note: For MS (no fiber) mechanical properties see [31].
* The mixture-composition failed the workability test.

were measured before starting the tests, and the information
was used to calculate the flexural and compressive values.
A universal displacement-controlled machine (Fig. 3)
with a maximum load capacity of 4.9 kN (sensitivity of
0.02 kN) has been used for the three-point bending flexural
test, following the standard EN 1015-11:2019 [46]. Tests
were performed with a displacement rate of 1.5 mm/min.
For measuring loads and corresponding displacements,
a load cell of class 1 (with maximum capacity of 50 kN

and nominal sensitivity of 2 mV/V) and a Linear Variable
Displacement Transducer (LVDT) (with max. measuring
length of 50 mm, nominal sensitivity of 2 mV/V and lin-
earity —<0.10% of span) have been used, respectively.
Subsequently after flexural tests, the remaining two col-
lapse parts of each sample have been used for the compres-
sion strength tests. The compression strength tests (Fig. 4)
were conducted using another universal load-controlled
machine with a maximum load capacity of 100 kN, tests
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Sample prepared Case 2 Case 1
Nomenclature MS(SW) MS(SAW) MS (composite)
Full form Structural Mortar (Same Water) Structural Mortar (Same Average Structural Mortar (composite)

Comparison combinations (0.5% and
30 mm; 0.5% and 10 mm; 0.5% and
5 mm; 1.0% and 30 mm; 1.0% and
10 mm; and 1.0% and 5mm

Fiber percentages (0.5% and

10 mm and 5 mm).

For all the above combinations
(fiber percentage and fiber length)

amount of water used for the
Distinction

1.0%) and fiber lengths (30 mm,

composite mortar preparation is

Water)

Fiber percentages (0.5% and
1.0%) and fiber lengths (30 mm,
10 mm and 5 mm).

While in this case, the amount
of water used for the composite
mortars, is the average (used for
grout with 30 mm, 10 mm, and

Fiber percentages (0.5% and
1.0%) and fiber lengths (30 mm,
10 mm and 5 mm).

In [43] it has been proved that
jute fiber, when comes in contact
with water, has the ability to
absorb as well as trap some extra
water collectively. Therefore,
during the composite mortar

equivalent to or the same as the
amount of the Reference samples

without fiber (see Table 5).

5 mm) amount of water used
during Case 1 [31].

preparation, additional water was
used based on the fiber lengths
(30 mm, 10 mm, and 5 mm) [31]
used in the mixture.

Note: SW is the Same Water and SAW is the Same Average Water.

MSL(sH) FO.S (f0) MY S

Fig. 3 Jute fiber composite mortar "MS1(SW)F0.5(10)M1S1" flexural
strength test

were performed following the EN 1015-11:2019 stan-
dard [46]. Fig. 5 shows three samples with 0.5% fiber after
flexural strength test failures, whereas these presented
samples have fiber lengths of 30 mm (Fig. 5 (a)), 10 mm
(Fig. 5 (b)), and 5 mm (Fig. 5 (c)), respectively.

2.4 DIC analysis

The samples are prepared for the DIC analysis according
to [39] and [47]. While preparation and measurements of
the samples, and the analysis of the displacement or defor-
mation of the target specimen using the DIC system were
done as follows:

* Surface preparation: before starting the tests, the sur-
face of the specimen was tinted with white paint, and
after drying the black dots/sprinkles had to be sto-
chastically sprayed on the white surface, as in Fig. 3.

» Software and camera calibration: Through DIC anal-
ysis software it is possible to define the quality of the
analyzing pictures. Therefore, to obtain the best DIC

e ]
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Fig. 4 Jute fiber composite mortar "MS1(SW)F0.5(30)M1S1"
compressive strength test

results, the camera spatial resolution and the work-
ing distance between the camera(s) and the target
object are correctly calibrated.

+ For DIC analysis the camera is mounted exactly
in front and perfectly parallel to the targeted cen-
ter of the surface (Fig. 6). The camera used for the
DIC analysis has a resolution of 1920 x 1080 pixels.
While the focal distance has been measured around
200 cm. Two artificial lights were also used to have
uniform light on the target surface, to have better
quality of pictures for DIC analysis.

+ Illumination: Light adjustment is an important fac-
tor for taking good pictures, therefore two high-in-
tensity illumination bulbs have been used for this
purpose (Fig. 6).

+ Images capturing: It is important to note that pic-
ture taking interval should be synchronized with the
load-displacement measuring instrument, whereas
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Fig. 5 Jute fiber composite mortar samples: (a) MS1(SW)F0.5(30)M1S1;
(b) MSI(SW)F0.5(10)M1S3; and (c) MSI(SW)F0.5(5)M1S2 after the
flexural strength test failures

- 22

Stable light source

b}

Camera

%,

Stable light source

a0®

Foral distance

Sample “MS1(SWIF0.5(10)M181"

side facing the camera
Fig. 6 2D DIC setup: sample MS(SW)F0.5(10)M151
the acquisition time interval was to be 0.5 seconds.

+ DIC analysis: The GOM correlate software has been
used for this purpose. A total of 15 pictures were
selected for the DIC analysis (Fig. 7), for the sub-
jected sample. The pictures have been selected from
various phases, pictures 1 represents the point of
zero loads, whereas picture 6 represents the peak
load (at this point the sample collapsed, and a drop in
the graph can be seen), subsequently pictures from 7
to 15 represents post-peak phases, where load grad-
ually decrease and crack in samples increase until
ultimate state represents with picture 15.

* Visualization of the results: Notably through this
DIC analysis the crack opening distances between
two broken parts at maximum displacement point are
measured. Later this data corresponding to different

14

1.1

Force (kN)
(=]
-~J

04

0.0
0.0 0.8 1.6 24 32
Displacement (mm)

Fig. 7 Selected pictures underlined with number in green boxes,
on a force-displacement curve of the sample MS(SW)F0.5(10)M1S1

fiber percentages (with respect to the dry mortar
mass) and fiber length combinations were compared.

3 Results

3.1 Mechanical properties

The experimental flexural properties of the jute fiber com-
posite mortars "MS(SW)" are reported in Tables 7 and 8.
Notably, a total of six samples of each type of jute fiber
composite mortar were used for flexural strength tests,
whereas a total of twelve samples were used for compres-
sive strength tests.

The presence of fiber and its percentage (with respect
to the mortar mass) and length directly affect the per-
formance of the "MS(SW)" composite mortars, exactly
in the same way authors have demonstrated in the pre-
vious work [31], the longer fibers demonstrate better
mechanical performance in comparison to shorter ones.
Notably, the strain energy (Table 7) as well as the flex-
ural strength (Table 8) decrease with the decrease in fiber
length. Results in Table 8 have been obtained considering
the classical beams theory.

Figs. 8 and 9, present the force-displacement curves of
some of the selective samples. The enclosed yellow part of
the force-displacement curves represents the strain energy
(kN mm).
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Table 7 Flexural test properties: the deflection and strain energy capacity of the MS samples with the same water

Deflection (d) corresponding to the peak load point

Strain energy (ff)

Mean CoV Mean CoV
(mm) (%) (kN mm) (%)
MS(SW)F0.5(5) 1.85 2.32 1.39 5.36
MS(SW)F0.5(10) 172 10.81 1.28 18.03
MS(SW)F0.5(30) 2.01 8.20 1.82 13.86
MS(SWIF1(5) No samples were prepared®
MS(SW)F1(10) No samples were prepared®
MS(SW)FL(30) 2.09 15.41 1.81 15.33

* The mixture-composition failed the workability test.

Table 8 Flexural test properties: stress and strain of the MS samples with the same water

Flexural stress (o)

Flexural strain (g) Moment of inertia ([)

Mean CoV Mean CoV Mean CoV
(MPa) (%) (%) (mm®) (%)
MS(SW)F0.5(5) 3.18 0.73 0.04 2.58 236424.26 0.97
MS(SW)F0.5(10) 3.04 9.71 0.04 10.92 234688.15 0.52
MS(SW)F0.5(30) 3.65 7.86 0.04 8.37 22043597 1.20
MS(SWIF1(5) No samples were prepared*
MS(SW)F1(10) No samples were prepared*
MS(SW)FL(30) 3.60 10.46 0.04 15.40 223715.80 0.64

* The mixture-composition failed the workability test.

Fig. 10 presents a comparison between the stain energy
and the flexural strength values of the MS(SW) compos-
ite mortars and MS(no fiber) (as mentioned in Fig. 10
and [31]), as well as with MS(SAW) composite mortars (as
mentioned in Fig. 10 and [31]).

When MS(SW) composite mortar samples are com-
pared with MS composite mortars, both of 0.5% (with
respect to the dry mortar mass) category (i.e., for 5 mm
and 10 mm fiber lengths) , it has been observed that due
to the use of SW, the strain energy increase (see Fig. 10,
calculated as MS(SW)F0.5 — MSF0.5) by 0.71 for 5 mm
fiber length, 0.70 kN mm for 10mm fiber length and
0.92 kN mm for 30 mm fiber length.

Whereas the flexural strength reduced (see Fig. 10,
calculated as MS(SW)F0.5 — MSF0.5) by —1.86 MPa for
5 mm fiber length, —2.79 MPa for 10 mm fiber length,
and —2.63 MPa for 30 mm fiber length.

Whereas when MS(SW) composite mortar samples
are compared with MS(SAW) composite mortar samples,
and both of 0.5% (with respect to the dry mortar mass)
category, the improvement (see Fig. 10, calculated as
MS(SW)F0.5 — MS(SAW)FO0.5) in both strain energy and
flexural strength have been obtained by 1.03 kN mm and
1.10 MPa for 5 mm fiber length, 0.81 kN mm and 1.12 Mpa

for 10 mm fiber length and 1.45 kN mm and 1.75 Mpa for
30 mm fiber length.

When MS(SW) composite mortar samples are com-
pared with MS composite mortars, and both of 1% (with
respect to the dry mortar mass) category, it was observed
that the SW structural composite mortars have higher
strain energy of 0.92 kN mm and lower flexural strength
of —1.47 Mpa for 30 mm fiber length (see Fig. 10, calcu-
lated as MS(SW)F1 — MSF1).

Conversely, when MS(SW) composite mortar samples
are compared with MS(SAW) composite mortar samples,
both of 1% (with respect to the dry mortar mass) cate-
gory, the SW structural composite mortar samples were
found to have higher strain energy and fiexural strength of
1.10 kN mm and 0.24 MPa, respectively, (see Fig. 10, cal-
culated as MS(SW)F1 — MS(SAW)F1.

Table 9 presents the compressive strength values obtained
for the structural composite mortar samples "MS(SW)" pre-
pared with same water (SW) amount. It is clearly notice-
able that for samples with 0.5% jute fiber (Table 9), with
the reduction in fiber length (from 30 mm to 5 mm) the
compressive strength also decreased from 12.74 to 11.66,
respectively. Whereas with the increment in fiber percent-
ages, the compressive strength also reduces. Similarly,
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Fig. 8 The force (F) - displacement (d) curves of samples with 0.5%
of fiber: (2) MS1(SW)F0.5(30)M1S1; (b) MSI(SW)F0.5(10)M1S2;
and (c) MSI(SW)F0.5(5)M1S3

MS1(SWIF1(30)M182

0.00 -
0 1 2 3 4 5 6
d (mm)

Fig. 9 The force (F) — displacement (J) curves of samples with 1.0% of
fiber: MS1(SW)F1(30)M1S2

samples with a higher percentage of jute fiber (MS(SW)
F1(30)) i.e., with 1.0% of jute fiber and 30 mm of fiber
length), the compressive strength reduced about 0.10 MPa
in average, when compared with the sample (MS(SW)
F0.5(30)) with 0.5% of jute fiber and 30 mm of fiber length.

When MS(SW) composite mortar samples are compared
with MS composite mortars, both of 0.5% (with respect to
the dry mortar mass) category, it has been observed that
the application of SW induced a reduction in the compres-
sive strengths of the structural composite mortar samples
(see Fig. 11, calculated as MS(SW)F0.5 — MSF0.5) cate-
gory by —10.17 MPa for 5 mm fiber length, —12.02 MPa
for 10 mm fiber length and —14.01 MPa for 30 mm fiber
length. Similarly, the compressive strength has also
reduced (see Fig. 8, calculated as MS(SW)F1 — MSF1) for
the 1% fiber (with respect to the dry mortar mass) cate-
gory by —5.40 MPa for 30 mm fiber length. While just the
opposite happened for the MS(SW) structural composite
mortar samples compared with MS(SAW) structural com-
posite mortar samples, both of 0.5% (with respect to the
dry mortar mass), the compressive strength increased (see
Fig. 11, calculated as MS(SW)F0.5 — MS(SAW)F0.5) by
4.13MPa for 5 mm fiber length, 5.66 MPa for 10 mm fiber
length and 6.22 MPa for 30 mm fiber length.

Whereas MS(SW) composite mortar samples compared
with MS(SAW) composite mortar samples, both of 1%
fiber (with respect to the dry mortar mass) category, high-
lighted the compressive strength reduction (see Fig. 11,
calculated as MS(SW)F1 — MS(SAW)F1) by —1.67 MPa
for 30 mm fiber length.

As previously mentioned, the two grout mixture compo-
sitions (MS(SW)F1(5) and MS(SW)F1(10)) did not pass the
shaking table tests, therefore it also justifies and validates
the previous research works conducted by authors [31]
and [43] and, i.e., with the increase of fiber percentages
(with respect to the dry mortar mass) and with reduction
of fiber lengths, the need of water for grout preparation
increases because fibers not only absorb water by itself but
also when they come in contact with water they form fiber
balls and behaves like a sponge and trap extra water in the
cavity, as reported in [43].

3.2 DIC analysis

DIC analysis has been done using the GOM correlate
software. Figs. 12 to 15 represent DIC analysis of the
crack opening patterns at the ultimate displacement state
of the applied load, for the samples MS(SW)F0.5(30)
MIS1, MS(SW)F0.5(10)M1S1, MS(SW)F0.5(5)M1S3 and
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Table 9 Compressive strength for the SM with same water

Mean CoV
(Mpa) %)
MS(SW)F0.5(5) 11.66 4.44
MS(SW)F0.5(10) 12.22 4.90
MS(SW)F0.5(30) 12.74 4.62
MS(SWIF1(5) No samples were prepared®
MS(SW)F1(10) No samples were prepared®
MS(SW)F1(30) 12.64 5.30

* The mixture-composition failed the workability test.
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Fig. 11 Jute fiber thermal composite mortars compression test results: SW vs. SAW and MS and different percentage of water used for different fiber
percentage and length combinations
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MS(SW)F1(30)M1S1, respectively. Fig. 16 represents
the progressive crack dimension of the sample MS(SW)
F0.5(10)M1S1 with respect to each picture from 1 to 15.
Similar types of graphs are also obtained for other samples.

It is evident that the longer fibers help in binding/hold-
ing the broken parts together avoiding complete collapse of
the sample. This can be demonstrated, when the MS(SW)
samples with 0.5% fiber (with respect to the mortar mass)
and fiber lengths 30 mm, 10 mm and 5 mm, respectively
are compared, it is clearly noticeable that in the sample
with 30 mm fiber length, the crack/openings are 34% and
50% higher than that of samples imbodied with 10mm and
5mm long fiber, respectively.

When two MS(SW) samples with similar fiber lengths
(30 mm) but with different fiber percentages i.e., 0.5% and
1.0% fiber (with respect to the mortar mass) are compared,
then it has been observed that MS(SW) with a higher per-
centage of fiber in it has the wider crack opening, which is
about 5% larger with respect to other.

This clearly justifies that the samples with longer fibers
have higher strain energy (validates the observations of
Section 3.1) as these longer fibers hold the broken parts lon-
ger, so as helps in dissipating the energy of the applied load.

4 Conclusions

This research work is a continuation of a previous experi-
mental campaign about the use of recycled jute fiber com-
posite mortar for thermal and structural retrofitting (for
details see [1]). The results presented here demonstrate the
effect of water on the mechanical performance of the jute
fiber composite mortar samples with SW, i.e., when the
same amount of water has been used:

During this campaign, samples are prepared with the
Same Water (SW), which is exactly the same amount that
has been used for the reference sample (without fiber)
preparation (see [31]).

Interestingly higher strain energy capacities have been
observed for all Same Water (SW) samples when com-
pared with Same Average Water (SAW) samples and MS
composite mortar samples. This improvement in strain
energy could demonstrate to be a distinctive factor during
an earthquake when it is necessary to dissipate the effects
of the extreme load.

The Same Water (SW) samples exhibited a reduction
in flexural strengths in all category combinations (fiber
percentages and fiber lengths), when compared with MS-
composite mortar samples. On the contrary, improve-
ments in flexural strengths have been observed in compar-
ison with the Same Average Water (SAW) samples.

Due to the application of Same Water (SW), the reduc-
tion in compressive strengths has been observed for
all combinations (fiber percentages and finer lengths),
when compared with the MS composite mortar samples.
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Fig. 16 Increase in crack/opening (mm) with progress from Picture 1 to picture 15; of the sample MS(SW)F0.5(10)M1S1

However, the Same Water (SW) samples exhibited supe-
rior compressive strengths when compared to the Same
Average Water (SAW) samples.

Due to the presence of jute fiber (30 mm, 10 mm and
5 mm), all composite mortar samples have shown ductile
behavior.

The crack patterns and opening (mm) that occurred
during the flexural tests are analyzed using DIC method,
and it is quite evident that the longer fibers help in bind-
ing/holding the broken parts together avoiding complete
collapse of the sample. Therefore, during real-time earth-
quake cases, the risk to human life and overall damage
could be minimized.

During the composite mortar fabrication, the percentage
of water used for the grout preparation is an important factor
and it influences the mechanical performance of the com-
posite sample. Therefore, based on the experience gained
during the previous and this current experimental campaign,
it can be deduced that some amount of extra water is neces-
sary to be added during the mixture/grout preparation.
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