
 





FOREWORD�

The�2nd� International�Conference�on�"Green�Solutions�and�Emerging�Technologies� for�
Sustainability"�(GSETS)�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�(VJM)�and�the�Beilstein�Journal�of�Nanotechnology�(BJNANO).�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�

In�this�study,�the�effect�of�calcium�carbonate�nanoparticles�(CCNPs)�on�the�mechanical�
performance� of� ultra-high-performance� fiber-reinforced� concrete� (UHPFRC)� was�
investigated.�Experiments�were�conducted�with�different�dosages�of�CCNPs,�ranging�from�
0%�to�4.0%�by�weight�of�the�cement.��Steel�fiber�pullout�tests�were�carried�out�to�determine�
the�bond�strength�of�UHPFRC�with�CCNPs�under�static�conditions.�The�experimental�results�
indicated�that�adding�CCNPs�to�UHPFRC�improved�markedly�their�bond�strengths.�Among�
the�different�CCNPs�contents�used,�the�UHPFRC�with�3.0%�CCNPs�experienced�the�highest�
strength�enhancement,�while�those�with�1.0%�CCNPs�exhibited�the�lowest�value.�The�highest�
bond� strength� (τpeak)� achieved� was� 14.52� MPa,� and� the� corresponding� equivalent� bond�
strength�(τeq)�was�14.09�MPa.�Enhancing�the�bond�strengths�of�UHPFRC�was�attributed�to�
the�addition�of�CCNPs,�which�densified�the�interfacial�transition�zone�around�the�steel�fiber�
surface�and�the�UHPFRC�matrix.�As�the�CCNPs�contents�increased�from�1.0%�to�4.0%,�the�
compressive�strength�of�UHPFRC�was�enhanced,�attaining�its�highest�value�of�204.40�±�4.26�
MPa�at�3.0%�CCNPs�content.�However,�the�compressive�strength�of�UHPFRC�was�reduced�
as�the�NS�content�ranged�from�3.0%�to�4.0%.�Furthermore,�the�addition�of�CCNPs�decreased�
the�workability�of�UHPFRC,�with�flowability�values�all� lower�than�186�mm�for�matrices�
incorporating�CCNPs,�compared�to�245�mm�for�the�control�matrix.�

Keywords:�calcium�carbonate�nanoparticles,�UHPFRC,�bond�strength.�

1. INTRODUCTION

Ultra-high-performance� fiber-reinforced� concrete� (UHPFRC)� is� being� widely�
researched�and�applied�in�practical�constructions�(Shi�et�al.,�2015).�UHPFRC�is�produced�
with�a�low�water-to-binder�ratio,�typically�ranging�from�0.14�to�0.20.�Additionally,�adding�
various� types� of� fiber� reinforcement� to� the� UHPFRC� design� reduces� shrinkage� and�
minimizes�the�formation�of�cracks�in�the�concrete�(Pyo�et�al.,�2016;�Wille�et�al.,�2014).�

The� application� of� nanometer-sized� materials� to� enhance� concrete� properties� has�
attracted�significant�interest�from�researchers�in�recent�years.�Ghafari�et�al.�(2014)�pointed�
out�that�the�use�of�nano-SiO2�(NS)�reduces�the�workability�of�UHPFRC,�but�NS�enhances�
the�compressive�strength�of�UHPFRC�at�an�early�age.�Camiletti�et�al.�(2013)�demonstrated�
that�calcium�carbonate�nanoparticles�(CCNPs)�improve�the�early-age�strength�of�UHPFRC.�
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The�addition�of�CCNPs�(2.5%�to�5.0%)�increased�the�compressive�strength�of�UHPFRC�by�
32%�to�75%�after�24�hours�casting,�when�compared�to�the�control�mix�without�CCNPs.�

The�bond�characteristics�of�UHPFRC�are�primarily�governed�by�the�properties�of�the�
interfacial� transition� zone� (ITZ)� between� the� fibers� and�matrix� (Kim,� et� al.,� 2012).� The�
introduction� of� nanoparticles� (NPs)� in� concrete� is� likely� to� enhance� the� interfacial� bond�
strength�of�fibers,�owing�to�the�strengthened�properties�at�the�ITZ�of�concrete�et�al.,�2021).�
According�to�Wille�and�Loh�(Wille�&�Loh,�2010),�the�incorporation�of�0.022%�nano-carbon�
fibers�into�the�composition�enhanced�the�pullout�load�of�steel�fibers�in�UHPFRC�by�40%.�
The�addition�of�1.0%�NS�to�UHPFRC�at�static�pullout�rates�produced�a�35%�improvement�
in� maximum� bond� strength� and� a� 70%� increase� in� pullout� energy� (Wu,� et� al.,� 2017).�
Additionally,� Wu� et� al.� (Wu� et� al,,� 2018)� found� that� incorporating� 3.2%� CCNPs� into�
UHPFRC� resulted� in� a� 45%� increase� in� bond� strength� compared� to� UHPFRC� without�
CCNPs.�

�Although�the�bond�behaviors�of�UHPFRC�with�some�NPs�have�been�examined,�there�
is�a�gap�in�understanding�the�effect�of�CCNPs�contents�on�the�fiber–matrix�bond�properties�
of� UHPFRC.� The� link� between� the� microstructural� properties� of� the� ITZ� and� the� rate-
sensitive�fiber�pullout�resistance�in�UHPFRC�is�still�yet�to�be�explored.�Therefore,�in�this�
study,� the� effects� of� CCNPs� contents� on� UHPFRC� properties,� including� workability,�
compressive� strength,� and� bond� strength� of� steel� fibers,� will� be� evaluated� through�
experiments.�

2. EXPERIMENTAL�ANALYSES
2.1. Preparing materials and specimens

Table�1�presents�the�mixed�proportions�of�the�sample�compositions�used�in�this�study.�
The�CCNPs�contents�range�from�0.0�to�4.0%,�corresponding�to�the�mixes�U00,�U10,�U20,�
U30,�and�U40.�The�composition�of�the�material�mix�in�this�study�was�derived�from�reference�
(Phi�&�Thuong,�2024).�The�CCNPs,�with�98.0%�CaCO3,�had�an�average�particle�size�of�50�
nm.�Besides,�the�average�particle�sizes�are�as�follows:�sand�ranges�from�210�to�250�μm,�silica�
fume�ranges�from�0.1�to�1.0�μm,�and�silica�powder�is�10�μm.�A�superplasticizer�with�a�30%�
polycarboxylate�ether�concentration�is�used�to�increase�the�flowability�of�the�concrete.�The�
water-to-cement�ratio�(W/C)�used�in�this�study�was�0.21.�The�steel�fibers�had�a�diameter�of�
0.3�mm�and�a�length�of�30�mm�(Table�2).�

The�preparations�of�the�mixtures�containing�the�CCNPs�were�carried�out�as�follows�
(Lee�et�al.,�2019):�Step�1�–�Disperse�the�CCNPs�in�water�and�half�of�the�superplasticizer�as�
per�the�mix�design�for�2�hours;�Step�2�–�Mix�the�cement,�sand,�silica�fume,�and�silica�powder�
dry�for�5�minutes;�Step�3�–�Gradually�pour�the�CCNPs�solution,�water,�and�superplasticizer�
from�Step�1�into�the�mixture�from�Step�2�over�a�period�of�2�minutes;�Step�4�–�Gradually�add�
the� remaining� superplasticizer� as� required� into� the� mixture� and� continue� mixing� for� 5�
minutes.�

Cube-shaped�specimens�with�exact�dimensions�of�50�mm�x�50�mm�x�50�mm�were�
fabricated� to� determine� the� compressive� strength� of� matrices.� In� addition,� Bell-shaped�
pullout�specimens�were�utilized�to�examine�the�pullout�resistance�of�the�fibers�in�matrices,�
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as�illustrated�in�Fig.�1.�A�fiber�was�fixed�in�molds�with�an�embedded�length�of�5�mm�before�
casting.�After�the�casting�process,�all�specimens�were�covered�with�plastic�sheets�and�stored�
at�room�temperature�for�48�hours.�Following�demolding,�the�samples�underwent�water�curing�
at�90�±�2�°C�for�3�days.�The�specimens�were�tested�after�28�days�in�dry�conditions.�

Table�1.�Composition�of�matrices�

Matrix� Cement� CCNPs� Silica�
sand�

Silica�
fume�

Silica�
powder� Superplasticizer� W/C�

U00� 1.00� -� 1.1� 0.25� 0.3� 0.07� 0.21�

U10� 0.99� 0.01� 1.1� 0.25� 0.3� 0.07� 0.21�

U20� 0.98� 0.02� 1.1� 0.25� 0.3� 0.07� 0.21�

U30� 0.97� 0.03� 1.1� 0.25� 0.3� 0.07� 0.21�

U40� 0.96� 0.04� 1.1� 0.25� 0.3� 0.07� 0.21�

Table�2.�Characteristics�of�smooth�steel�fibers�(V.P.�Dang�&�Kim,�2023)�

Diameter�
(mm)�

Length�
(mm)�

Density�
(g/cm3)�

Tensile�strength�
(MPa)�

Elastic�modulus�
(GPa)�

0.3� 30� 7.9� 2447� 200�

Figure�1.�Pullout�specimen�geometry�(unit:�mm)�(Dang�&�Kim,�2023)�

2.2. Testing setup and procedure 

The�workability�of�mixtures�was�tested�using�a�cone-shaped�device�with�a�height�of�60�
mm,�a�large�base�diameter�of�100�mm,�and�a�small�base�diameter�of�70�mm.�The�workability�
testing� steps� followed� the� procedure� outlined� in� reference� (EFNARC,� 2002).� Figure� 2�
presents�the�universal�testing�machine�(UTM)�with�a�constant�rate�of�1.0�mm/min�that�was�
used� to� determine� the� compressive� strength� of� matrices.� Besides,� Figure� 3� displays� the�
pullout�test�machine�with�a�5�kN�capacity,�used�for�obtaining�the�bond�strength�of�matrices.�
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(a) UTM (b) Specimen�under�compressive�load

Figure�2.�UTM�system�and�Specimen�after�compression�

Figure�3.�Pullout�test�machine�

3. RESULTS�AND�DISCUSSION
3.1. Influence of CCNPs content on the workability of UHPFRC

Figure� 4� presents� the� flow� spread� results� for� the�UHPFRC�mixtures.�The� findings�
indicate� that� the� flowability� of� the� mixtures� containing� CCNPs� was� lower� (186� mm)�
compared�to�the�control�sample�(212�mm).�Furthermore,�an�increase�in�CCNPs�content�from�
1.0%�to�4.0%�led�to�a�reduction�in�flowability.�The�flow�values�for�the�samples�in�mixtures�
U10,�U20,�U30,�and�U40�were�186�±�13,�182�±�11,�167�±�7,�and�163�±�5�mm,�respectively.�
The�decrease� in� flow� in� the�mixtures�as� the�CCNPs�content� rose�can�be�attributed� to� the�
increased� surface� area� of� the� mixture� components� caused� by� CCNPs,� which� requires�
additional�water� to� fill� the�voids�and�coat� the�surfaces�of� the�aggregate�particles� (Taylor,�
1997;�Wu�et�al.,�2016).�However,�in�this�study,�the�water�and�superplasticizer�content�were�
kept�constant�in�all�matrices�(Table�1),�which�resulted�in�a�decrease�in�flow�as�the�CCNPs�
content�increased.�An�increase�in�the�CCNPs�content�in�UHPFRC�led�to�a�decrease�in�its�
workability,�which�aligns�with�the�findings�reported�in�the�literature� (Ghafari�et�al.,�2014;�
Wu�et�al.,�2018).�
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Figure�4.�Workability�of�matrices�containing�different�CCNPs�contents�

3.2. Influence of CCNPs on the compressive strength of UHPFRC 

Figure�5�demonstrates�the�substantial�influence�of�CCNPs�contents�incorporation�on�
the�compressive�strength�of�UHPFRC.�The�inclusion�of�CCNPs�at�levels�from�1.0%�to�4.0%�
enhanced�the�compressive�strength�of�UHPFRC�by�1.55%�to�9.96%,�compared�to�the�control�
sample.�The�corresponding�compressive�strengths�were�193.50�±�3.15�MPa�for�1.0%,�195.77�
±�3.95�MPa�for�2.0%,�204.40�±�4.26�MPa�for�3.0%,�and�188.76�±�2.92�MPa�for�4.0%�CCNPs�
(Fig.�5).�The�observed�compressive�strength�in�this�study�were�slightly�higher�than�those�in�
reference� (Phi�&�Thuong,� 2024),� even�with� identical�mix� compositions,�which� could� be�
attributed�to�variations�in�casting�and�experimental�conditions.�In�addition,�all�matrices�using�
CCNPs� exhibited� higher� compressive� strength� in� comparison� to� the� control� sample�U00�
(185.88�±�2.88�MPa)�without�CCNPs�(Fig.5).�The�improvement�of�compressive�strength�in�
UHPFRC� is� attributed� to� the� unique� characteristics� of� CCNPs,� which� enhance� the�
microstructure� and� increase� the� proportion� of� C-S-H� in� the� cement� hydration� products,�
ultimately�leading�to�improved�strength�performance�(Dang�&�Kim,�2023).�

Figure�5.�Compressive�strength�of�matrices�with�varying�CCNPs�contents�

3.3. Influence of CCNPs on bond strength of UHPFRC 

Figure�6�presents�the�correlation�between�average�loads�and�steel�fiber�displacement�
during�the�pullout�process.�UHPFRC�samples�containing�CCNPs�demonstrated�greater�bond�
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strength�compared�to�the�control�sample.�The�peak�load�for�samples�of�U10,�U20,�U30,�and�
U40�matrices�were�51.22,�58.22,�67.87,�and�54.40,�respectively,�while�the�control�sample�
M00�exhibited�a�value�of�48.07�N�(Fig.�6).�

The�bond�strengths�of�steel�fibers�in�matrices�are�calculated�using�equations�(1)�and�
(2) (Park,�et�al.,�2019):

τeq�=�
2PE

π�df�Lem2
,� ��(1)�

τpeak�=�
PPeak

π�df�Lem
,� (2)�

where�PE�represents�the�pullout�energy,�PPeak�is�the�peak�pullout�load,�df�is�the�diameter�
of�the�straight�steel�fiber,�and�Lem�is�the�embedded�length�of�the�steel�fiber�in�matrices.�

Figure�6.�Load�versus�slip�curves�of�matrices�under�pullout�tests�

Table�3.�Mechanical�behavior�of�steel�fiber�under�pullout�load�

Matrix�
PPeak�
(N)�

PE�
(Nmm)�

τpeak�
(MPa)�

τeq�
(MPa)�

U00� 48.07� 111.07� 10.58� 10.15�

U10� 51.22� 116.29� 11.27� 10.62�

U20� 58.22� 132.29� 12.82� 12.08�

U30� 67.87� 163.38� 14.52� 14.09�

U40� 54.40� 125.69� 11.98� 11.48�

Furthermore,� among� the�CCNPs�contents� tested� (0.0–4.0%)� in� this� study,� the�3.0%�
CCNPs�content�resulted�in�the�highest�values�of�τpeak�(14.25�MPa)�and�τeq�(14.09�MPa)�in�
matrices�(Table�3).�This�trend�is�similar�to�the�compression�results�presented�in�Section�3.2.�
The�incorporation�of�CCNPs�into�UHPFRC�resulted�in�improved�bond�strength,�likely�due�
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to�enhanced�densification�in�the�transition�zone�around�the�steel�fiber�surface�and�UHPFRC�
(Dang�&�Kim,�2023).�Besides,�the�improvements�in�the�fiber�pullout�resistance�of�UHPFRC�
containing�CCNPs�were�in�close�agreement�with�the�results�presented�by�Dang�et�al.�(Dang�
&� Kim,� 2023).� The� highest� enhancement� in� the� pullout� resistances� of� U30� (UHPFRC�
containing� 3.0%� CCNPs)� can� be� attributed� to� the� incorporation� of� optimal� amounts� of�
CCNPs�in�matrices.�Wu�et�al.�(Wu�et�al.,�2018)�also�found�that�the�bond�strength�of�UHPFRC�
was�significantly�enhanced�with�the�use�of�optimal�dosages�of�CCNPs�(1.6–4.8%).��

4. CONCLUSION

This�study�examined�the�influence�of�CCNPs�contents�ranging�from�0.0%�to�4.0%�on�
mechanical� properties� of� UHPFRC,� particularly� the� pullout� behavior� of� steel� fibers� in�
UHPFRC,�which�was�explored�through�experimental�findings.�The�conclusions�drawn�from�
the�study�are�as�follows:��

 The� workability� of� UHPFRC� reduces� with� the� addition� of� CCNPs� in� the
mixtures.� The� followability� values� for� mixtures� containing� CCNPs� are� consistently�
lower�than�186�mm,�while�the�flow�of�the�control�sample�is�212�mm.�As�the�CCNPs�
content�increases�from�1.0%�to�4.0%,�the�flow�of�UHPC�decreases�from�186�±�13�mm�
to�163�±�5�mm.�

 The� compressive� strength� of� matrices� enhances� as� the� CCNPs� content
increases�from�1.0%�to�3.0%,�with�the�highest�value�of�204.40�±�4.26�MPa�observed�at�
3.0%�CCNPs.�On�the�other�hand,�as�the�CCNPs�content�increases�from�3.0%�to�4.0%,�
the�compressive�strength�decreases.��

 The� UHPFRC� containing� CCNPs� content� exhibited� higher� fiber� pullout
resistance� than� the� control� matrix.� The� addition� of� CCNPs� to� UHPFRC� led� to� an�
improvement�in�bond�strength,�which�can�be�attributed�to�the�enhanced�densification�in�
the�transition�zone�surrounding�the�steel�fiber�surface�and�UHPFRC.�Among�the�CCNPs�
dosages�used�(0.0%�to�4.0%),�UHPFRC�with�3.0%�CCNPs�achieved�the�highest�bond�
strength,�with�τpeak�and�τeq�values�of�14.25�MPa�and�14.09�MPa,�respectively.�
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