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Abstract. In the concrete treatments, small cracks are beginning developing inside. As a result of temperature
and stress variations during extraction, the fragments will enlarge and unite to form some noticeable cracks.
Concrete constructions may suddenly shatter as a result of cracks spreading. The study focuses consideration of
the inspiration of additives on the properties of fracture in high-performance concrete with additives (HPCA) as
a foundation for the effective application of building structures. Compared to traditional concrete, HPCA has
better mechanical qualities and durability. The highly responsive nanoparticles significantly improved concrete
performance. Portland cement has been replaced with nanoparticles at different percentages of weight to create
HPCA mixtures. The impact of nano silica (nS) and nano alumina (nA) on the appearance of fracture and crack
extension resistance of HPC during the process of entire fracture will be assessed in this research. Based on the
softening laws and outcomes of the bending test of three-point of concrete material along with grooves, the
resistance of crack extension of HPCA was determined. The crack mouth opening displacement versus load
relationship curves (P-CMOD) represent the ultimate result. Compressive strength and additional mechanical
properties have been determined within the model. Ultimately, the P-CMOD curves are used to analyse and
compute the fracture parameters and features of HPCA utilizing nano particles.
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NCCIEJOBAHUE COIMPOTUBJIIEHUA PACITPOCTPAHEHUIO
TPEIIUH B HAHOMOANPUITUPOBAHHOM BETOHE HA
OCHOBE MEXAHUKMU PA3PYHIEHUSA

Kannew Jlanoscuoxaii Kanaoua ', Canoarcaii icowsu ',
Aoxcaticunx Bazenac ', ITapaz Pamewoxaii Cascanu ’

! Kagenpa rpakqaHCKOro CTPOUTENBCTBA, Yausepeuter P. K., Pamkkor, I'ymxapar, UHAUS
2 daxysbTET rpaskJaHCKOTO CTPOMTENLCTBA, YHUBEpcuTeT gokTopa CyOxama, Jxxynaranx, lymxapar, UHJIUS

AnHorammsi. B mnporiecce 00paboTkn OetoHa B HEM MOIYT TOSIBISITBCS HeOONbIIME TpelMHbL. B pesynsrare
KoJICOaHWI TemIleparypbl W HalpsHKCHUS IPH IMpeKpaiieHny oOpabOTKM MUKpPOTPEIIMHBI YBEJIMYUBAIOTCS 1
00beMHsIOTCS, 00pasysi 3aMeTHbIE TpelMHBL. B pesynbrare pacnpocTpaHeHus! TpelH OSTOHHbBIE KOHCTPYKIMU
MOT'YT BHE3AIHO pa3pylluThesl. JJaHHOE HcclieJoBaHNE MOCBSIIEHO PACCMOTPEHHIO BIMSHMS I00ABOK Ha MapameTphbl
pa3pyieHus BbICOKompodHOoro Oerona ¢ modaBkamu (HPCA) xak ocHOBBI it 3(p(EKTHBHOrO TPUMCHCHUS B
CTPOUTENIBHBIX KOHCTpYKIMsAX. Ilo cpaBHeHmio ¢ TpaguimoHHbIM OetoHomM, HPCA oGmamaer mydimmMu
MEXaHNYECKUMH CBOMCTBAMHU M JIOJITOBEYHOCTHIO. BBICOKOTYBCTBUTEIbHBIE HAHOYACTUIIBI 3HAYUTEIGHO YITyUIIMIIN
xapakTepuctuku oeroHa. s cozmanms cmeceit HPCA moptinanmemMeHT ObI1 3aMEHEH HAHOYACTUIIAMHE B PA3IIITIHBIX
BECOBBIX IIPOIICHTaX. B maHHOM mccienoBaHny OBLIO OLICHEHO BIMSIHHE HAHOKpeMHe3eMa (NS) W HaHOIIMHO3EMa
(nA) Ha TIOSBIICHHE TPEIINH M COMPOTHBICHHE pacKphITHio TpemwH B HPC B mpormecce momHoro paspymerns. Ha
OCHOBE 3aKOHOB PA3yHpPOYHEHHS U PE3yJIBTaTOB MCIIBITAHMS HA TPEXTOUCUHBIN M3rnO OETOHHOTO 00pasiia ¢ BBIPE30M
ObUTO omperieieHO comnpoTuBiIeHne pacmmpennio TpemuH B HPCA. TlomydeHsl KpHBbIe 3aBUCHMOCTH CMEIICHUS
ycThst TpemruHbl oT Harpy3ku (P-CMOD). B pamkax Momenu ObUTH ONpPEIC/ICHBI MPOYHOCTh HA CXKATHE U
JIOTIONTHUTENbHBIE MeXaHnueckue xapakrepuctuku. Kpussle P-CMOD ncmonb3oBaHbl Al aHaIW3a M pacyeTa
apaMeTPOB Pa3pyIICHHS U XapaKTEPUCTUK BHICOKOIIPOYHOT0 HaHoMomuduipoBanHoro 6etona (HPCA).

KaroueBrnle ciioBa: BeTOH, HaHOYaCTHUIBI, pa3pylICHUEC, XapaKTCPHUCTUKH, JOJTOBEYHOCTh, MEXaHHKa
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1. INTRODUCTION

Concrete is the greatest frequently employed
construction substantial and heterogeneous
composite material made of cement, water,
sand, and stones. When concrete i1s moistened
and mixed with various fluids while in use, a lot
of microcracks are created. Microcracks will
continually form, enlarge, and penetrate when
under load. The internal microcracks in concrete
ultimately broaden and seep through, causing
the material to fracture. Three stages can be
observed in the propagation of concrete cracks
under uniaxial compression: unstable crack
growth, stable crack growth, and crack
initiation. The advancement of concrete crack
propagation research has important implications
for damage-warning techniques and safety
evaluations in numerous construction structures.
Inserting nanoparticles to high-performance
concrete greatly enhance the material's
durability and mechanical qualities. Compared
to silica fume materials in micro-meter sizes,
HPC has used silica material in the size of nano-
meter is seen as a novel development. Ultrafine
silica particles have a size of nano-meters aid in
launching reactions of pozzolanic, uneven
Ca(OH)2 elements has been rejected and result
in gel product of pozzolan at the performance
has high. According to (Lam et al. 2020) [8], the
mechanical characterizations like strength of
compression, flexural, modulus of elasticity and
deformation stress of HPC with NS has been
improved. The impression of nano-silica on the
properties of fracture in concrete was
highlighted by recent studies utilizing NS in
HPC (Khaloo et al. 2016; Zhang et al. 2017,
Vivek et al. 2021) [7,20,19], but no particular
experiments were conducted for evaluation.

Most of the structures of concrete was affected
by the areas of fracture mechanics Mindess
(2002) [12]. Concrete that contains silica fume
have better fracture properties than usual ones
(Ricardo and Marta, 2006). A new approach of
measuring the fracture using artificial failure
surfaces of concrete were performed and
analysed by (Mechtcherine and Miiller, 2021)
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[10] The transition of interface zone of quality
between aggregate and mortar is enhanced by
silica fume, which also improves the C-S-H
structure and uniformity. When silica fume is
used, fracture energy, fracture toughness, and
length characteristics all grow more, and the
brittleness of HPC tends to diminish. The
properties of fracture are very crucial for the
endurance and safety structures of HPC
represented by (Zhang et al. 2017) [20]. The
quality of fracture in concrete's are impacted
when pore structures in HPC are improved
through the use of chemical and mineral
admixtures. These results are increasing the
mortar-aggregate density transition zone of
interface. The consistency performance of
mortar will be enhanced by silica ultrafine
particles, which also increase the cohesiveness
between aggregate and cement particles and
greatly improve the concrete's fracture
characteristics.

The microstructure and fracture behaviour of
concrete will both be enhanced by the presence
of ultrafine particles. Because of the high
strength properties of HPC concrete, brittle
fracture occurs more often and often passes
through the coarse aggregate rather than along
the aggregate boundary as it would in regular
concrete. The mechanical properties of normal
concrete have low compared to HPC. The slope
curve's downward (after the apex) steepens for
HPC. This demonstrates that HPC is more prone
than regular concrete to sustain unexpected
deterioration.

The main focus of the essay is centered on
figuring out HPCA's mode [ fracture
characteristics and parameters. To ascertain the
fracture parameters of HPCA, a unique testing
procedure in accordance with RILEM was used,
which  involved regulating the  open
displacement of the crack mouth. In accordance
of IS method as per 10262-2019 for M40 grade
guidelines, the five mixed proportions of HPC
with contents of 0.5%, 1%, 1.5%, 2%, and 2.5
% were computed for the component design to
be used in the experiments. It was determined
how the nA and nS contents affected the HPC's
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fracture properties. The fracture mechanics
approach was applied to assess the experimental
findings and determine the properties of HPCA
beams' resistance to crack extension.

2. RELATED WORKS

Van Mier, Jan GM (2012) [18] asserts that
ultrafine particles will dramatically alter how
concrete behaves during the fracturing process.
The deformation of stress curve illustrates an
improvement in ductility, particularly as the
curves' post-peak slope gradually declines. The
inclusion of ultrafine NS particles helps to
bridge broken surfaces, which explains why the
toughness has improved. The fracture quality
has minimum of normal concrete compared
with silica fume of concrete (Einsfeld et al.
2006) [4]. The administration of silica fume
optimizes the standardization and structure of
C-S-H gels, as well as the functionality of the
ITZ as a of mortar and aggregate. When
utilizing silica fume, the characteristics of
toughness, length, and fracture energy are
increased. HPC brittleness tends to diminish.
Concrete's fracture characteristics are impacted
when the ITZ of mortar and aggregate is made
denser by chemical and mineral admixtures in
HPC (Zhang et al. 2014) [21].

Additionally, some research employing HPC
with ultrafine nano particles asserted, when
hardened the mortar performance and
consistency has been continuously improved.
Increasing the cohesiveness between the
aggregates and cement particles also
considerably increases the fracture toughness
of concrete (Chithra et al. 2016) [3].
Concrete's microstructure and fracturing
behaviour are greatly improved by ultrafine
particles. (Quercia et al. 2013) [13] indicated
that the inclusion of fine material significantly
alters the way that concrete fractures. The
enhanced ductility of the ultrafine concrete
component is indicated by the load-
deformation curve. In comparison to the
concrete without fine particles, slope curve of

post-peak is lower Bianchi (2014) [2].
Bridging surfaces are broken at maximum in
the ultrafine particles’ presence accounts for
an improved toughness. To comprehend the
connection between ultrafine particles and the
behaviour of concrete cracks, some empirical
research has also been carried out. Overall, the
findings indicate that the ultrafine mineral
composition appears to have an impact
property of concrete fracture (Zhang et al.
2017).

(Torabian Isfahani et al. 2016) [17]
investigated the impact of varying nanosilica
dosages on the compressive strength and
durability of concrete with different
water/binder ratios. They evaluated concrete

properties by measuring water sorptivity,
apparent  chloride  diffusion  coefficient,
electrical ~ resistivity, = and  carbonation
coefficient. Results indicated that compressive
strength  improved significantly for a

water/binder ratio of 0.65 with the addition of
nanosilica, while no significant change was
observed for a ratio of 0.5. Water sorptivity
decreased with increased nanosilica only for a
water/binder ratio of 0.55. A 0.5% nanosilica
addition reduced the chloride diffusion
coefficient for water/binder ratios of 0.65 and
0.55, but higher dosages did not yield further
improvements. Electrical resistivity increased
with 0.5% nanosilica across all ratios and with
1.5% only for a water/binder ratio of 0.5.
Carbonation coefficient changes were minimal,
with some adverse effects noted for a ratio of

0.65.  Microstructural  analysis  through
techniques such as X-ray diffraction and
scanning  electron  microscopy  provided

additional insights, showing that nanosilica's
effectiveness was more pronounced in lower
strength mixes.

(Mahender et al. 2017) [9]explored using waste
plastics and rubber as partial replacements in
concrete, with incremental 5% substitutions in
both fine and coarse aggregates. Concrete cubes
and cylinders were tested at 7 and 28 days and
compared with specimens containing 0% waste
materials. The study found that incorporating

94 International Journal for Computational Civil and Structural Engineering



Investigating the Crack Propagation Resistance of Nano Concrete Through Fracture Mechanics

waste plastics and rubber was effective for
constructing rigid pavements, sewers, tennis
courts, and walkways, resulting in a reduction in
the overall pavement thickness.

Despite advancements in concrete technology,
the investigation of crack propagation resistance
in nano concrete using fracture mechanics
remains underexplored. Existing research
primarily focuses on the general mechanical
properties and durability of nano concrete, often
neglecting a detailed analysis of its fracture
behavior. Current studies do not sufficiently
address how nanoscale additives influence crack
initiation, growth, and propagation under
various stress conditions. There is a lack of
comprehensive understanding of the interaction
between nano materials and concrete matrix at
the microstructural level concerning crack
resistance. This gap highlights the need for
targeted research that employs fracture
mechanics  principles to  evaluate the
effectiveness of nano additives in enhancing the
crack propagation resistance of concrete, which
could lead to more resilient and long-lasting
construction materials.

3. MATERIALS AND METHOD

3.1 Materials

The Portland cement contains aggregates of
coarse  basalt with 12.5 mm  Dumax,
superplasticizer, nano-silica, nano-alumina and
fine aggregates with a module 2.7 mm. The
Adnano technologies NS product has a surface
area of 200 + 25 m?/g and diameters of 5-50 nm,
was used for the research. Nano alumina (nA)
and nano silica (nS) particles were utilized as
additives in concrete beams.

3.2 Mix Proportion

An IS method as per 10262-2019 for M40 grade
method is used to design the compressive
strength of HPCA for 49 MPa (Sivasankaran et
al. 2019) [16]. Mixtures with 0.5%, 1%, 1.5%,
2%, and 2.5% nano particles ratios were made
for the experimental test. The ratio has chosen
and modified combinations in accordance with
the recommendations Fédération-internationale-
du-béton (2008) [5]. A mixture of the
percentage of HPC with additives as depicted in
Table 1.

Table 1. Different proportion of additives

(ﬁ"aﬁofse) 0.5% 1% 1.5% 2% 2.5%
Cement (kg) 543.31 540.5 534.8 530.9 525.7
Fine Aggregate (kg) 673.2 672.4 671.6 670.8 669.8
Coarse Aggregate (kg) 1049.75 1049.75 1049.75 1049.75 1049.75
Nano-Alumina 0.5 1 1.5 2 2.5
Nano-silica 0.5 1 1.5 2 2.5
Superplasticizer 5.32 6.42 7.51 8.21 9.25
Water 154.67 154.67 154.67 154.67 154.67
Water/Binder 0.27 0.27 0.27 0.27 0.27

3.3 Preparation of sample

Before mixing, material components including
cement, fine and coarse aggregate, and
superplasticizer are ready for measurement. To
make sure that the additives are distributed
equally throughout the mixture, they are
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specifically combined with half of the water
needed and vigorously agitated. Following
material preparation, the specimen mixing
process is carried out in accordance with the
protocol depicted in Figure 1.
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C+FA+
CA
- Mixture
3 Mins
Water 4 Mins
at 25%
. SP+25%
1 Mins of Water
Additives 2 Mins
+ 50% of
water

Figure 1. HPCA preparation procedure

As seen in Figure 2, the concrete design with
notch has been created. Table 2 represents the
different sizes of beam used for this research
work.

Table 2. Different size of beams

Length | Width | Depth I\;?Zh
Dimensions | (L) (B) (D) (a)

mm mm mm m
Small 151.62 | 57 57 11.4
Medium | 303.24 | 57 114 22.8
Large 60648 | 57 228 45.6

Ratio of a/d 0.2

!
Load Cell

__Co

Figure 2. Specimen used for fracture test

3.4 Experimental Methods
To ascertain the concrete's fracture parameters,
conduct an experiment using notch with

bending beam of 3-point apparatus. A test
procedure has illustrated in Figure 3. The
fracture test uses specimen displacement as
opposed to load control, establishing it separate
from the stronger test and other mechanical
evaluations. The Control experiment machine is

used to perform all three-point bending
experiments in a closed-loop setting. In
Figure 3 represented the linear variable

differential transformer (LVDT) has measured
the outcome of load and beam displacement and
crack mouth open displacement (CMOD) as
determined using extensometer were the
parameters measured during the experiment.

Y Al

Figure 3. 3-Point bending test of HPC.
specimen

According to  FMC's  recommendations
Recommendation, RILEM Draft (1985) [15],
studies must be carried out to ensure that the mid-
span displacement increases at rate of consistent is
0.2 mm/min. Nonetheless, the analysis suggests
that this condition could be modified slightly. An
experimental test was carried out CMOD control
rather than mid-span displacement control.

3.4.1 Test of Determining Fracture Energy

The deflection of beam is monitored using linear
variable differential transformer (LVDT) located
at center of the concrete beam. The maximum
load was attained 30 seconds after the loading
began selection of velocity loading. A rate of
loading chosen is 0.25 mm/min. Next, a curve of
load-deflection (F-0) was drawn, and under the
curve area was represented by the energy symbol
"Wo." The following expression can be used to
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determine the GF (N-m) (AlKhatib et al. 2020;
Rakesh et al. 2021) [1,14].

Gr = Wy +mg =2 (1)
where Wo = load-deflection area curve (N-m)

m = beam of mass between the supports (kg)

g = gravity acceleration

do = beam deflection at final stage (m)

A = beam cross sectional area exclusive notch (m?).

3.4.2 Test for Determining K5ic

The test procedure represented by (Jenq et al.
1985) [6] was utilized to determine KSic, and it
involved a closed-loop testing apparatus with
crack mouth opening displacement (CMOD)
control. The clip gauge was used to monitor the
CMOD. Throughout the test, the applied load and
the CMOD were continually recorded. There were
two loading and unloading steps in the test
protocol. The applied load was manually lowered
(also known as unloading) once the load passed
the maximum load and was roughly 95% of the
peak load. The first process involved loading until
the peak load was attained. Reloading was used
when the applied load was lowered to zero. About
a minute was needed to complete each loading
and unloading cycle. For the test, a single loading-
unloading cycle was needed. The following
formula is used to determine the K5ic.

_ 3SPmax

where Pmax = Load at maximum (N)

S = beam length

b = width of beam

d = depth of beam

ac = crack length at critical effective.

4. RESULTS AND DISCUSSION

4.1 Consequence of additives in HPCA

deflection-load and CMOD-load curves
As seen in Figure 4 represented the variation of
outcome CMOD-P slope equivalent to the
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concrete specimens of beam cured for 28 days
utilizing ratios of 0.5%, 1%, 1.5%, 2%, and 2.5
% of nA and nS. The HPC with additives P-
CMOD curve has a high slope once it reaches
the peak (Pmax). A tiny CMOD causes the force
value to drop off rapidly. The P-CMOD curve
significantly changes when additives are added
to concrete at ratios of 2% and 2.5%,
particularly when 2.5% of additives are added.
The conducted experiment test of beam has
elasticity limit still, the curves often grow in the
same way at first, but as the curve approaches
its peak, a difference begins to become evident.

The P-CMOD curve with a reduced additive
percentage Once concrete reaches its peak
(Pmax), it slopes significantly; at very tiny
CMOD values, the force value rapidly drops.
There is a noticeable shift in the P-CMOD curve
that results from adding chemicals to the
concrete at 2% and 2.5%. Since the stages of
beginning the reached elastic limit of the
concrete. Figure 4 illustrates how the curves
of all the samples tend to develop uniformly.
The top of the curve for concrete containing
additives (2.5%) is higher than that of regular
concrete, and variation of slope in HPCA beam
curve peak is high. These can readily realize
tensile strength of the concrete is higher when
additives are used than when they are ignored.

Small
Medium
—— Large

.0 0.2 OSMOD (m:):; 0.8 1.0
Figure 4. P-CMOD curve of HPCA specimen
thickness

The HPCA (2.5%) curve has a lower slope in
the period of post-peak than slope of HPCA
(0.5%). When comparing similar results in
CMOD, the outcome of the load has decreased
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growth of slower CMOD as represented in
Figure 4. Specimens with additives continued
to have a higher load valuation than specimens
with a lower percentage of additives.

In comparison to control samples (0.5%), beam
samples with 2.5% additives showed an increase
in crack mouth open displacement, or Pmax
(CMQOD), of 107.14%. The displacement of
fractures increased to a maximum of 10% when
the CMOD of beam samples with 2.5%
additives was achieved maximum compared to
sample of control (0.5%). According to the
CMOD results, the hardness of concrete is
considerably increased by the addition of small
amounts of additional particles.

Small
Medium
— Large

T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Deflection (mm)

Figure 5. Load deflection curve of HPCA
specimen

Figure 5 displays that the HPCA specimen slope
of deflection load outcome with different
concentration of additives. The load declines
more slowly, the slope has been lengthens
represented as phase of nonlinear, and slope of
P-§ is thicker for the concrete that uses
additives. Based on Figure 5, it is evident that
the highest length of position (Omax) test of
bending at three points conducted on prepared
specimens increases when samples utilizing NS
are compared from 0.5% to 1.5% of the control
sample (0.5%).

Consider the resulting change in the slope of
deflection and load relationship length of the
center is depicted in Figure 5, which also
demonstrates how the horizontal axis of the
graph and slope of deflection and load under the
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area alter in proportion of additives. An area
under the P-0 curve is computed using the
integral technique. According to the findings,
horizontal axis rose by 7.69%, respectively, at
2.5% additives ratios.

4.2 Influence of additives on the energy of
fracture (GF)

The energy of fracture has observed the
increases, when the concentration of additives
increased from 0.5% to 2.5% is depicted in
Figure 6. The fracture energy (GF) produced
from the test of bending at three-point is
computed  using  deflection-load  slope
relationship. The average of six specimens'
results is used in the computation. Figure 6
illustrates that specimens with a larger
percentage of additives had fracture energy that
increased by 78% when the additives ratio was
2.5%, respectively, when compared to concrete
specimens with varied percentages of additives.
At 28 days old, the fracture toughness was
assessed. Comparing the macro fracture
toughness of the additive-added samples (2.5%)
to that of the control samples (0.5%), it is shown
that the additive-added samples (2.5%) have the
best strengthening effect. Adding 2.5% of
additives greatly increases the macro fracture
toughness. Consequently, it is advised to use
2.5% of additives to enhance fracture
characteristics for significant buildings that are
vulnerable to frost attack at a relatively young
age.

Gg (N.mm/mm?)

Figure 6. Fracture energy of HPCA specimen.
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4.3 Mechanical Properties

After the day of 28, the strength of compression
was observed for different concentration of
additive mixes taken into consideration during
the study's initial phase (Figure 7). The
mixtures' 28-day compressive strengths varied
from 40 to 53 MPa. As was noted, mixture 2.5%
produced the highest compressive strength.
Results for compressive strength were often
much greater than those for concrete strength at
high (i.e., around 53 MPa) or standard concrete
(i.e., around 39 MPa).

To the concrete, additives concentration starts
with 0% to 2.5% by adding of weight of cement.
According to reports, additives enhanced both
the concrete's early age strength and
compressive strength (AlKhatib et. al., 2020). It
was determined that 2.5% of nA and nS
concentration provided the best -crushing
strength (Rakesh et. al., 2021). This study
examined an impact of additives as nS and nA
on different strength of concretes. nA and nS
were substituted in different proportions by
cement weight:0.5,1,1.5,2, and 2.5%. The
prepared concrete with different concentration
of additives (2.5%) has been achieved
maximum strength of compression compared to
control concrete (0.5%), and the concentration
of 0.55 water to cement has been increased by
70%. Compared to lower strength concrete,
greater strength concrete was less affected by nS
and nA (Mendes et al. 2019) [11].

Compressive Strength (MPa)
(=] w - W
3 ES E ES
1 1 1 1

,_.
=)
1

o
o
N

Figure 7. Compressive strength of HPCA
specimen

Volume 20, Issue 4, 2024

It is evident from the data that 0.5% mixtures
were able to reach the minimum compressive
strength of 40 MPa. Additionally, mixture 2.5%
yielded the best compressive strength of 53
MPa. It's interesting to note that the
compressive strength of the combinations

slightly worsened when more additives were
added.

4.5 Splitting Tensile strength

When concretes containing nA and nS were
tested in the first stage of the experiment, the
strength of tensile splitting concrete was 0.5%,
however a greater value was observed for
specimens with a nominal weight percentage of
2.5. For the stronger concrete, the additions
increased the tensile strength by 2.5%, whereas
for the weaker HPCA concrete, the
improvement was only 0.5%. The strength
improvement for concretes containing higher
weight percentages of additives was 2.1% for
0.5wt% and 4.5% for 2.5wt%. 2.1% and 4.5%,
respectively, were the increases in tensile
strength for tougher concrete (2.5%).

o
—

IS
1

57

Splitting Tensile Strength (MPa)
N w
)
x_.
X_'

< Qv“h S
A &é»c:,«
Figure 8. Splitting tensile strength of HPCA
specimen

4.6 Stress Intensity Factor

With a notch beam in a three-point bend test, the
critical stress intensity factor (KSic) was
experimentally calculated using a closed-loop
testing apparatus under the CMOD control.
Plots of load-CMOD curves from testing were
made. Equation (2) was applied to calculate the
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KSc. Tests were conducted on concrete
specimens at 14 and 56 days. The results are
summarized in Figure 8. It demonstrates how
the GF and the related tendency of the
concrete's KSic are comparable.

(S} EN
1 1

o
1

o
o
1

Stress Intensity Factor (MPa.m®)
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£ ]
1 1

I
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o
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X : o
& 5 o
§ 3 $

Figure 9. Stress intensity factor of HPCA
specimen

The K5ic values of HPCA (2.5%) are lower than
those of the reference concrete (0.5%) at a
young age (14 days), but they rise over 0.5%
after 56 days. According to this, the extra
pozzolanic reaction of additives with Ca (OH)2
in concrete is said to become active between the
14 and 56-day mark, increasing the HPCA's
K5ic. Furthermore, it is shown that for different
ages, the concrete with a higher additive level
(2.5%) had a lower KSIC value than the
concrete with a lower additive content (0.5%).
Conversely, concrete that has been mixed with
finer additions may have higher K5ic values.
Figure 9 shows that, for a range of ages, an
increase in the slag's fineness level causes the
K5ic value of concrete to rise. Put otherwise, the
combination containing finer slag (2.5%) has a
higher K5ic value (2.5%) compared to the 0.5%
K5S¢ value for the same additive replacement
ratio (0.5%). Furthermore, for the various ratio
of 0.5%, the K%ic of 2.5% > 2% > 0.5%. The
achievement is attributable to the finer additives
(2.5%) particle's larger surface area, which
promotes a more active pozzolanic process and
elevates strength and fracture toughness.
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5. CONCLUSION

From the experimental setup of bending test of
three point at the different concentration of
additives in concrete, the outcomes revealed that
the parameters of fracture and properties of
HPCA in mode I form were determined.
Through experimentation and analysis, the
fracture parameters and features of HPCA were
established. The outcome of the HPCA has been
represented by CMOD-load, deflection and load
slope, energy of fracture (GF) and strength of
compression. Findings demonstrate that the
substantial impact of different concentration of
nA and nS on HPC parameters of fracture and
features. When it comes to use, the additives
ratio of 2.5% is ideal. The enhanced ductility of
the HPCA is demonstrated by the fracture
energy and distinctive mechanical
characteristics.

When 2.5% of HPCA is used, the crack
resistance will be stronger than when 0.5% of
the control type is used. The mechanical
characteristics of HPCA have been reached at
2.5% and 0.5% of additives, respectively, at 53
MPa and 40 MPa. Because of their better filling
effect, finer additives (2.5%) have a positive
impact on concrete's fracture energy (GF) even
at young ages (14 days). The GF value of
concrete increases or its fracture toughness is
improved with an increase in the fineness level
of the added additives. Similar to the fracture
energy, the stress intensity factor (KSic) critical
of HPCA (2.5%) has a comparable tendency.
Though this study investigates the crack
propagation resistance of nano concrete through
fracture mechanics, offering valuable insights
into its performance. However, several
limitations must be acknowledged. Firstly, the
experimental scope was restricted to a specific
range of nano-materials and concrete
compositions. The influence of varying types
and concentrations of nano-additives on crack
propagation was not exhaustively explored.
Additionally, the study focused on static loading
conditions; dynamic or cyclic loading scenarios
were not considered, which could significantly
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impact crack  behavior in  real-world
applications.

Future research should address these limitations
by expanding the range of nano-materials and
concrete mixtures studied. Investigating the
effects of different loading conditions, including
dynamic and cyclic loads, would provide a more
comprehensive  understanding  of  crack
resistance in practical applications. Additionally,
incorporating long-term durability studies to
assess how environmental factors affect crack
propagation could offer deeper insights into the
long-term performance of nano concrete.
Advanced modeling techniques and larger-scale
experiments could further enhance the reliability
of predictions and guide the development of
more resilient nano concrete formulations. Such
efforts will contribute to optimizing nano
concrete for diverse structural applications and
improving overall construction practices.
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