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FOREWORD

The 2™ International Conference on "Green Solutions and Emerging Technologies for
Sustainability" (GSETY) is a prestigious global scientific event that showcases the latest
advancements in Material Science, Green Solution & Technology, Data Science, Artificial
Intelligence, and other emerging technologies aimed at furthering the Sustainable
Development Goals (SDGs). This conference, organized by HUTECH University and Viet
Nam Centre for the Fourth Industrial Revolution (C4IR), is part of a series of events
commemorating the 30th anniversary of the institution, from April 26, 1995, to April 26,
2025. GSETS 2025 presents an invaluable opportunity for researchers and scientists to
exchange ideas, engage in discussions, and explore collaborative efforts in research and
technology transfer within the relevant fields.

GSETS 2025's extensive scientific content is founded on the significant contributions of
experts, scientists, and scholars from 12 different countries. The conference has garnered
substantial interest, featuring 07 plenary talks, 26 invited presentations, and 220 submissions
across a range of publishing options. These options include the Conference Proceedings, the
Journal of Materials and Emerging Technologies for Sustainability (METS), a Special Issue
of the Journal of Development and Integration (JDI), as well as Special Issues of the Vietnam
Journal of Mechanics (VIM) and the Beilstein Journal of Nanotechnology (BINANO). All
accepted manuscripts have undergone a plagiarism check using Turnitin.

Furthermore, it is essential to acknowledge the invaluable contributions of the organizers,
reviewers, participants, sponsors, and scientific journals, all of whom have played a pivotal
role in ensuring the success of GSETS 2025. Together, these contributions highlight the
collective commitment to advancing knowledge in sustainability and emerging technologies
at GSETS 2025.

As GSETS 2025 unfolds, I sincerely hope that each participant will appreciate the
significance of this year's conference. It is my aspiration that attendees will enhance their
professional networks and develop new ideas to effectively address the challenges of
sustainability. Your active involvement is vital for promoting collaboration and advancing
our shared mission toward sustainable solutions.

Publishing Committee of GSETS 2025 Conference
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ABSTRACT

This paper evaluated the utilization exhibiting the reinforcement efficiency of glass
textile (GT) within the cementitious composites under tension. The tensile tests at a static
rate of 0.000333 s’!, using a universal test machine (UTM) and the dog-bone-shaped
specimens, and the tests at high strain rates ranging from 30 to 100 s™!, using an improved
strain energy frame impact machine (I-SEFIM) and cutting dog-bone-shaped specimen, were
conducted. The results showed that glass textile produced significantly high tensile
utilization, exhibiting high reinforcement efficiency within textile reinforced cementitious
composites (TRCCs), because of its strong bond within the mortar matrix. The utilization of
GT within TRCCs ranged from 80% to 190%. The utilization of GT was sensitive to high
strain rates due to its rate - sensitive interfacial bond strength, generated by the inertial effects
of mortar matrix surrounding GT. The utilization of GT within TRCCs at high strain rates
was approximately from 2 to 2.5 times higher than that within TRCCs at static. TRCCs at
static produced a trilinear behavior at static consisting of initial elastic, crack formation, and
crack widening stages, whereas those at high strain rates did a strain hardening one including
initial elastic, strain hardening, and softening stages.

Keywords: Utilization, glass textile (GT), textile reinforced cementitious composites
(TRCCs), different strain rates, dynamic increase factor on the utilization.

1. INTRODUCTION

There has a demand on enhancing the resistance of building and infrastructures under
high rate loads to limit numerous catastrophic fractures because of the impact, machine
vibration, blasts, earthquakes (Heravi et al. 2020; Truong et al. 2022; Zhu et al. 2011).
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Textile reinforced cementitious composites (TRCCs), incorporating the textiles as
reinforcements within fine-grained cementitious mortar, an advanced material with high
strength, ductility, and energy absorption capacity emerged as a promising solution for
retrofitting old buildings and constructing new lightweight elements (Arboleda et al. 2016;
Heravi et al. 2020; Peled et al. 2017; Truong et al. 2022; Zhu et al. 2011).

The mechanical properties of reinforcements were significantly depended on the
efficiency of reinforcements, which required to optimally develop. To investigate the
efficiency of reinforcements within the composites, the utilization factor of reinforcement
was evaluated based on some factors such as fiber volume fraction, interfacial bond between
textiles and cement-based matrix, and mechanical properties of reinforcements (Naaman,
2008; Wille et al. 2011). Wille et al. (2011) focused on the y, of various fibers such as

smooth, hooked, twisted fibers within ultra-high performance fiber reinforced concrete. The
%, of smooth fibers ranged from 28 to 29%, that of hooked fibers was 43%, and that of

twisted fibers was from 29 to 38%, which indicated that the bond between fibers and mortar
matrix should be improved to enhance the utilization of fibers within the composites (Wille
et al. 2011). The increase in fiber volume content resulted in the decrease in the utilization
factor of fibers due to fiber group effects (Wille et al. 2011)

Truong et al. (62022) recently investigated the utilization of glass (GT) and carbon
textile (CT) within TRCCs at static. The results showed that the y, of normal GT (ranged

from 70 to 96%) were significantly higher than that (ranged from 25 to 42%) of normal CT
(Truong et al. 2021). According to previous investigations (Peled et al. 2017; Truong et al.
2021, 2022), GT generated sufficient bond whereas CT did insufficient bond within cement-
based matrix. Consequently, GT developed significantly higher reinforcement efficiency
than CT. Both GT and CT produced higher utilization than steel fibers, which could be
attributed to the orientation of reinforcements. Textiles were orientated in one-dimension,
generating higher orientation factor, whereas steel fibers were free-distributed within
cement-based matrix, generating lower orientation factor (Peled et al. 2017). Consequently,
textile produced higher utilization factor than fibers. Although these investigations evaluated
the utilization of both short fibers and textile reinforcement, they focused on only the
utilization of reinforcements measured at static.

The high strain rate effects on the tensile resistance of TRCCs (Silva et al. 2011;
Truong et al. 2022; Yao et al. 2015; Zhu et al. 2011, 2012). According to (Zhu et al. 2011,
2012), the tensile strength of TRCCs increased, as the strain rate increased. Different trends
were observed in the strain capacity and energy absorption capacity of TRCCs, in which
they decreased in (Silva et al. 2011; Yao et al. 2015), but increased in Zhu et al. (Zhu et al.
2011, 2012), due to the increase in the strain rates. Recently, Truong et al. (Truong et al.
2022) investigated the rate-sensitive resistance of TRCCs and concluded that the tensile
strength, strain capacity, and energy absorption capacity of TRCCs significantly increased
with the increase in the strain rate, and the bond between textile and mortar matrix was a
main factor in rate dependency of TRCCs. Although the high strain rates effects on the
tensile resistance of TRCCs were clarified in previous studies, the information of rate
dependency of textile reinforcement’s utilization within the composites was still limited.
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This study evaluated the utilization factor of GT within cement-based matrix. The
detailed objectives include (1) to investigate the tensile characteristics of TRCCs using GT,
(2) to study the utilization of GT within mortar matrix, and (3) to evaluate the rate
dependency of reinforcement’s utilization factor.

2. EXPERIMENTS

An experimental program was conducted to study the utilization (U) of glass textile
within the cementitious composites, as shown in Figure 1. Glass textile (GT) was used as
reinforcement to prepare the specimens of glass textile reinforced cementitious composites.
The tests were conducted at different strain rates including static (R1) (0.000333 s1),
seismic-static (R2) (0.00333 s), high strain rates (R3) (30 - 50 s!), and high strain rates
(R4) (70 - 100 s™). The tests at R1 and R2 used a universal testing machine (UTM) whereas
the tests at R3 and R4 used an improved strain energy frame impact machine (I-SEFIM).
Totally, 4 series were prepared, as shown in Figure 1.

~
( Strain rate 1
0.000333 51 UGTRI
Rl
Direct tension N L) %
7 " R
(UTM) Strain rate 2
0. 00331 st UGTR2
Utilization of )
glass textile y 0
(UGT) Strain rate 3
30-50 5! UGTR3
| ,| Impact test e (B - o
= 'S ~
(I=SEEIM) Stram late 3
70-100 5! UGTR4
(R4 4 J
S
Experiments Apphed rates

and test setups

Figure 1. Experimental program
2.1. Materials

GT, with yarn’s tensile strength of 1200 MPa, textile’s breaking load of 4600 N,
density of 2680 kg/m®, was used as textile reinforcement, which was illustrated in Figure 2
of Section 2.2. Each GT yarn including two single yarns. The calculated volume content of
GT within specimen was 1.47%. Cement type 1 (C) with a fineness of 3630 cm?/g, silica
sand (S) with an average diameter of 0.5mm, pure water (W), and superplasticizer (SP) with
25% solid were used to prepared the mixture of mortar matrix. The weight ratio of C/S/W/SP
was 1/1.5/0.45/0.0009. The physical properties of reinforcement, matrix components, weight
ratio of matrix compositions, and volume content of reinforcement were also be detailed in
(Truong et al. 2021, 2022, 2023).
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2.2. Specimen preparation

Figure 2 illustrates the procedure of specimen preparation. Cement-based matrix was
mixed in a 20-L mixer. C and S were first dry-mixed for 10 mins before W an SP were
gradually added and mixed for additionally 5-10 mins. Prior to casting, the workability of
mixture was checked. The specimens were prepared using dog-boned shape molds. First
layer of cement-based matrix was poured into the molds and smoothed, and textile layer was
then put in the smoothed cement-based matrix. The cement-based matrix was continuously
poured to fill the molds. The cast specimens were dry-cured in the laboratory for 24 hours
prior to be demolded then be cured in water for 28 days. The details of casting could also be
found in (Truong et al. 2021, 2022, 2023). After curing, some specimens were cut at one end
to become cutting-dog bone shape specimen used for impact tests.

g

Dry-mixed sand Added water to the Added superplasticizer
and cement mixture to the mixture
(5-10 mins)

i o
Cured specimen in water Checked flowability

20°C for 28 days

Glass textile and cast
specimens with molds

Figure 2. Specimen preparation procedure

2.3. Test setups

Figure 3 shows the test setups and specimens used in this study. The dog-boned
specimen, as shown in Figure 3a, and a universal testing machine (UTM) with the operated
displacement speed of 1 mm/ min, as shown in Figure 3b, were used for direct tensile tests
at R1 and R2, whereas the cutting dog-bone specimen, as shown in Figure 3a, and an
improved strain energy frame impact machine (I-SEFIM), as shown in Figure 3¢, were used
for impact tests at R3 and R4. During direct tensile testing at static, two LVDTs and load
cell measured the strain and tensile load, respectively. As shown in Figure 3c, the impact
was operated by stretching the coupler using a hydraulic jack, resulting in the stress wave
propagating to specimen through strain energy frames and gripping system. The stress wave
was measured by two strain gauges attached at both sides of transmitter bar, then analyzed
using a data acquisition (DAQ) and computer to obtain the impact stress, whereas the strain
was measured by analyzing the video of specimen during testing captured by a high-speed
camera, as shown in Figure 3c. The details of test setups and implementation could also be
found in previous studies (Tran et al. 2015; Truong et al. 2021, 2022).
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~ Dog-bone
< specimen

 Cutting dog-bone
X specimen

(a) Dog-bone and cutting dog-bone (b) Direct tensile test setup at static
specimens

(c) Impact test setup

Figure 3. Test setups and specimen

3. RESULTS AND DISCUSSION

The utilization of reinforcements, representing the efficiency reinforcements within
cement-based matrix, was evaluated by measuring the utilization factor, according to
(Naaman, 2008; Peled et al. 2008; Truong et al. 2021; Wille et al. 2011), as shown in Eq.

(1):

O, O,

Fe =G T aV,o, ()

cu

where: o, and o, were the ultimate and assumed tensile strength of the composites,
respectively, whereas a, , v, and o . were the orientation factor, volume content, and
ultimate tensile strength of the longitudinal yarns, respectively. The orientation factor «,

was assumed as 1 for an one-dimensional orientation, 2/ 7 for a two-dimensional orientation,
and 0.5 for a three-dimensional orientation, (Naaman, 2008; Peled et al., 2008; Truong et al.
2021; Wille et al. 2011). In this study, the value of &, was equal to 1 because the longitudinal
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yarns, primarily carrying the applied load, were orientated in one-dimension (Truong et al.
2021, 2022). Moreover, the ultimate tensile stress and strain capacity of TRCCs were also
calculated to evaluate their tensile resistance.

Figure 4 shows the tensile behavior of TRCCs at different rates. As shown in Figure
4, the tensile stress - strain curves of TRCCs at R1 and R2 exhibited a trilinear behavior,
whereas those of TRCCs at R2 and R3 illustrated a strain hardening ones (Truong et al. 2021,
2022,2023). The trilinear behavior of TRCCs at static was characterized by the initial elastic,
formation of cracks, and widening of cracks phases (Arboleda et al. 2016; Peled et al. 2017;
Truong et al. 2021). The initial elastic phase was illustrated by a linear branch from starting
up to the first cracking point, in which TRCCs was in elastic range (Arboleda et al. 2016;
Peled et al. 2017; Truong et al. 2021). The phase of crack formation was from the cracking
of first crack to that of final crack, whereas each crack corresponded to the drop of stress in
the curves (Arboleda et al. 2016; Peled et al. 2017; Truong et al. 2021). During the phase of
crack widening, the cracked were widened without any further cracks until the highest
points. After highest point, the stress rapidly dropped to zero because the specimen was
broken (Arboleda et al. 2016; Peled et al. 2017; Truong et al. 2021).

20 ’ . . T - T -
Strain hardenin —-=-UGTR
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=
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@
=
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= 3=
=
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|_ 4 fll =
4
3 behavior
0 4 8 12 16

Strain (%)
Figure 4. Tensile behavior of TRCCs

As shown in Figure 4, the tensile strain hardening behavior of TRCCs at high strain
rates was characterized by the initial elastic, strain hardening, and softening phases (Heravi
et al. 2020; Silva et al. 2011; Zhu et al. 2012). In the initial elastic phase, TRCCs was in
elastic region without any cracking (Heravi et al. 2020; Silva et al. 2011; Zhu et al. 2012).
In the strain hardening phase, illustrated by the branch from first cracking to the ultimate
point, multiple cracks were formed (Heravi et al. 2020; Silva et al. 2011; Zhu et al. 2012).
The stress significantly dropped during softening phase after highest point.

Figure 5 illustrated the tensile stress and strain of TRCCs. As shown in Figure 5, the
tensile parameters of TRCCs increased with the increase in the strain rates. The tensile stress
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of TRCCs at R1 (6.89 MPa) increased to 7.53 MPa at R2, and to 16,07 and 14,94 MPa at R3
and R4, respectively, whereas their tensile strain capacity increased from 4.62% of at R1 to
5.54% at R2,5.85% at R3, and 8.45% at R4 (Truong et al. 2022, 2023). The improved tensile
characteristics of TRCCs could be related to the enhanced interfacial bond strength between
textile and cement-based matrix (Heravi et al. 2020; Mechtcherine et al. 2011; Truong et al.
2022; Zhu et al. 2012). Because high rate loading resulted in the inertial force to the
specimen, an additional pressure stressed to cement-based matrix surrounding to textile,
leading to improve the bond of textile (Heravi et al. 2020; Mechtcherine et al. 2011; Truong
etal. 2022; Zhu et al. 2012). The tensile characteristic of TRCCs was consequently improved
at high loading rates.

T T T T T T T T T T T T T T T T T T T

[] First cracking stress [] First cracking strain
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S UGTR1 001 [ lae2
— = P 12 8 4 0 4 8 12
20 10 0 10 20 ‘
) Strain (%)
Tensile stress (MPa)
(a) Stress (b) Strain

Figure 5. Tensile stress versus strain of TRCCs

Figure 6 illustrates the utilization of GT within cement-based matrix and its rate
dependency. As shown in Figure 6a, the utilization factor of GT was approximately from 80
to 90% at static and seismic - static whereas that at high strain rates was approximately
190%. These results showed that the utilization factor of GT was very high, optimally
developing the reinforcement efficiency (Bompadre & Donnini, 2021; Truong et al. 2021).
According to (Bompadre & Donnini, 2021; Truong et al. 2021), the interfacial bond of GT
was enough to fix it within cement-based matrix until its tensile strength was obtained, and
GT was fractured after testing. Consequently, the reinforcement efficiency could be optimal,
and the tensile performance of TRCCs and utilization of GT were significant (Truong et al.
2021). These results motived the feasibility on the use of TRCCs with GT in constructing
new structures and strengthening and/or retrofitting building and infrastructure under high-
rate loading.
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Figure 6. Utilization of GT and its rate dependency

Interestingly, the utilization of GT was sensitive to high strain rates. As shown in
Figure 6b, the DIF_UGT increased from 1 to 2.4, as the strain rate increased from R1 to R4.
As mentioned above, the interfacial bond strength between GT and cement-based matrix was
a key source of tensile rate dependency (Heravi et al. 2020; Mechtcherine et al. 2011; Truong
et al. 2022; Zhu et al. 2012), which was enhanced due to the inertial effect generating at high
strain rate. Consequently, the enhanced bond strength of reinforcement improved the
utilization and tensile characteristic of the composites.

4. CONCLUSION

This study evaluated the utilization of GT within cement-based matrix. The direct
tensile behavior at both static and high strain rates were evaluated. The utilization of GT and
their rate dependency were also studied. The following aspects could be concluded:

. The composites containing GT exhibited the trilinear behavior at static with
initial elastic, crack formation, and crack widening phases, and did the strain hardening one
at high-rate loading with elastic, strain hardening, and strain softening ones.

. GT generated relatively high utilization, ranging from 80 to 190%, within
cement-based matrix, as the loading rates increased from static to high strain rates of below
100 s!, because of high interfacial bond characteristic between it and cement-based matrix.

. The utilization of GT and tensile strength of TRCCs containing GT were
sensitive to high-rate loading regarding to the inertial effects: the DIF_ UGT of TRCCs were
from 1 to 2.4, as the strain rates ranged from R1 to R4.
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