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Trong nhitng nam qua, duéi tac dong cia bién doi khi hdu, tan sudt va cudng do ciia thién tai ngay
cang gia tang, gdy ra nhiéu dnh hudng dén doi song con ngudi, sy phdt trién kinh té - xa héi cting nhu
tudi tho ciia cdc cong trinh xdy dung. Pugc su chi dao ctia Bo Xdy dung, Trudng Dai hoc Xdy dung Mién
Tay phoi hgp vdi Truong Dai hoc Xdy dung Ha Noi, Trudong Dai hoc Bach Khoa - PHQG TPHCM, Hji
Bé tong Viét Nam, Hoi Dia chdt cong trinh va Moi trudng Viét Nam, Hoi Két cdu va Cong nghé Xay dung
Viét Nam t0 chiic Hoi thdo khoa hoc qudc té phd bién két qud nghién ciiu KH & CN dé dp dung trong
thuc tién véi chii dé “Phadt trién xdy dung bén viing trong diéu kién bién doi khi hdu khu vic dong
bang séng Ciiu Long”.

Trong qud trinh chudn bi, Ban T6 chiic Hoi thdo da nhan dugc nhiéu bai viét ciia cdc nha khoa hoc
gui dén dang ky tham du. Qua dé, Ban Khoa hoc da to chiic ldy y kién phdn bién va lya chon 77 bai viét
di tiéu chudn dé diang trén cdc dn pham ctia Hoi thdo. Ddy la co hoi dé cdc nha khoa hoc trong va ngodi
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muc tiéu chi dong ving pho véi bién doi khi hau trong tinh hinh mdi.

Thay mdt Ban t6 chiic Hji thdo, chiing téi giii 16i cdm on dén lanh dao B Xdy dung da quan tam, cdm
on cdc don vi dong t0 chiic, cdac dong nghiép, nha khoa hoc da lam viéc rdt nhiét tinh dé Hoi thdo dugc to
chiic theo ké hoach. Ban t6 chiic hy vong cdc dai biéu, cdc nha khoa hoc tiép tuc tham gia va dong gép y
kién dé gop phdn tao nén su thanh cong ciia Hji thdo.

Kinh chiic quy vi manh khée, hanh phiic, chiic Hoi thdo thanh cong tot dep.

Tran trong!

TS. Nguyén Van Xuan
Hiéu truéng Truong Dai hoc Xay dung Mién Tay
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PHAN TICH TINH CHAT PHA HUY CUA DAM BE TONG
NUT MOI SUDUNG NANO - SILICA KHI CHIU UON:
THUC NGHIEM VA MO PHONG

ON THE ANALYSIS FRACTURE PROPERTIES OF NOTCHED CONCRETE BEAMS
INCORPORATING NANO-SILICA IN BENDING TEST:
EXPERIMENTATION AND SIMULATION

Pham Dic Tho, Vit Minh Ngan, Hoang Dinh Phuc, Ngo Van Thiic

ABSTRACT:

Applying nano-silica, as cementitious materials in concrete mixes, is expected to be an improving technique,
from both mechanical properties and durability points of view. This study aims to analyse the characteristics of
fractures in concrete beams incorporating nano - silica in bending tests, such as fracture energy, characteristics
of crack length, and crack propagation. Experimental results found an increasing nano-silica and of fracture
energy 37% with incorporation 0.5% nano - silica. A numerical simulation based on nonlinear fracture mechanics
of the experimental test by using lattice model is carried out in order to determine fracture characteristics and
the crack propagation.

KEYWORDS: Concrete Incorporating Nanosilica, Fracture mechanic, Crack propagation, Lattice model.

TOM TAT:

Ap dung nano - silica, lam vat liéu két dinh trong hon hgp bé tong, dugc ky vong sé 1a mot ky thuat tién
tién nhdm nang cao cac tinh chét co hoc va dé bén. Nghién ctiu nay nhdm muc dich phén tich, xac dinh cac
tinh chat phd huy ctia dam bé tong két hgp nano - silica khi chiu uén nhu nhu nang lugng phd hay va chiéu
dai ddc trung nit. Két qua thi nghiém cho thdy su ting cac tinh chéit pha hay theo ham lugng nano - silica
va sy gia ting nang lugng phd huy 37%. Mot md phong s6 dua trén co hoc pha huy phi tuyén d€ mo6 phong
thuc nghiém bang cach stt dung md hinh luéi dugc thuc hién dé xac dinh ddc di€ém pha hoai va sy lan truyén
vét ntt.

TU KHOA: Bé tong sit dung nano - silica, co hoc phd hily, Lan truyén niit, M6 hinh ludi.
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1. INTRODUCTION

Nanomaterials are materials comprising
particleswith particle sizesbetween 1-100 nm. The
incorporation of nanomaterials into concrete has
significantly improved the mechanical properties
and durability of concrete (Rezania et al., 2019;

Zhang et al., 2021).

Nanometer-sized silica materials in concrete
are considered a new step compared to silica
fume materials (micrometer sizes). For high-
performance concrete (HPC) with nano - silica
(NS) added, the mechanical properties such as
compressive strength, flexural strength, elastic
modulus, and stress - deformation characteristics
are significantly improved (Zhang et al., 2017).
Said et al. (Said et al., 2012) observed that the
compressive strength of concrete blended with
6% of the cement weight of NS was 36% higher
than the control concrete.

Fracture properties are extremely important for
the safety and durability of structures constructed
with concrete composite. The improved pore
structure of concrete composite by incorporating

of the
paste - aggregate transition zone, which in turn

NS particles causes densification
affects the fracture properties. The influence of
NS on the fracture characteristics of concrete was
mentioned (Chithra et al., 2016; Khaloo et al.,
2016; Zhang et al,, 2021), but there were no

specific studies for evaluation.

In the research (Zhang et al., 2021) for the
percentage replacement of NS was greater than
2%, the initial and final crack blow counts of
concrete began to decline; when the substitution
rate of NS was 5%, the number of blows at the first
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crack and at the failure of the concrete were both
reduced to 27%.

Although there have been a large number of
research on the impact resistance of ordinary
concrete, and the mechanical properties and
durability of concretes containing NS, but
research related to fracture properties for
nano - silica for concrete is very limited
in the literature. Therefore, in this study,
the effects of different NS dosages on
the fracture energy and characteristic
length. The fracture energy and characteristic
length will be determined from experimentation
and simulation by using lattice model.

2. MATERIALS AND METHODS

2.1. Experimental method

HPC contains NS is designed with typical
intensity of 70MPa calculated by the ACI
method (ACI201.2R-08,n.d.). HPC's composition
with 0% and 0.5% ratios were used for the
fracture characterization test. The percentage of
superplasticizer is selected according to the
manufacturer's recommendations and is adjusted
in practice to ensure the workability of the
concrete mixture.

The cement used was Ordinary Portland
classified according to ASTM standards. The
aggregate used for concrete experiments is
macadam. The content of Cl- ion in aggregate
must not exceed 0.01% of alkali-silica reaction
ability for large aggregates as specified with
small aggregates. The sand used to manufacture
experimental concrete is raw sand, exploited
on Hong River (Viet Tri mine). The sand is
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analyzed for grain composition according to
ASTM C33. Water for concrete construction
(aggregate washing, and
maintenance) is taken from the tap water of
the domestic water supply system. Quality
assurance of impurities that affect the properties

concrete mixing,

of concrete and no side effects with additives.
NS used is silicon Fusil 200 nano product of
Chinese Fuchang chemical company. The
mixture design is shown in Table 1.

Table 1. Mixture design for concrete
incorporating nano-silica

Composition NS0.0 NS0.5
Ciment (kg) 544.21 541.34
Sand (kg) 674.68 673.68
Aggregate (kg) 1049.75 1049.75
Silica fume (kg) 28.64 28.64
Nano-silica (%) 0% 0.5%
Superplasticizer (1) 5.44 6.53
Water (1) 154.67 154.67

A series of notched beam specimens with size
of 100x100x500 mm were prepared to determine
the fracture properties. The beam specimen was
sawed from the span centre of the lower surface to
produce a pre-cutting crack with depth of 2 mm.
All notches are cut on a surface perpendicular to
the top of the sample during casting. Test beams
after 28 days shall be made the notch on the 21st
day. After that, the samples are cured until the day
of testing. The shape and set up a test of the beam
specimen are provided in Figure 1.

-

Extensometer

Figure 1. Three-point bending test of HPC beam
notched incorporating nano - silica

2.2. Modelling by lattice model

The of the Ilattice
elements and their cross-sectional properties in

spatial arrangement

thelattice model isbased on Delaunayand Voronoi

tessellations (Peter Grassl, 2009; Pham et al,
2020) of the domain shown in Figure 2.

Figure 2. Lattice model for fracture analysis

Each node of mechanical element has three
degrees of freedom that are two translations u
and v and a rotation ¢. The displacement jump at
the centroid C of the element’s mid cross-section
relates to the nodal unknowns as follows:

u_=Bu, (1)

where

3 T
u, —{ulavla(Ppuz’Vz’(Pz}

) (2)
uc:{uc’vc}
-1 0 1 0 -
B €, €, (3)
0 -1 -h,/2 0 1 -h/2

The cross-section is determined by A=lt

where | islength of mid-section, tis the out - plan
3

thickness I = % and is the moment of inertia. The
displacement uc is replaced by deformation

¢ = u/h, with h_is the length of the mechanical
element. The rigid matrix of lattice element in the
local coordinate system is determined by:

K= hﬁBTDeB (4)

[&]

where D, is the elastic stiffness.

The stress-strain relation in the damaged
mechanic framework reads
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c=(l-w)D,e=(-0)5 (5)
where o is the damage variable; 6 =(5,,5,)"
E 0 . T
the stress vector; D, = ;0 =(P;,0) bthe
0 ¢yE

Biot’s coefficient. For the plane stress condition,

E . -173Y yith Eand v are Young’s

v+1

E

1-v’
modulus and Poisson ratio. The variable ®

is a function of a history variable x, which is
determined by the loading function:

f(e,x)=¢,(e)—x (6)

The equivalent strain ¢_ is defined as

Seq(8s98n) :%80(1_0)4_

— )
CAE;

+\/(%80(1 —C) +8n)2 + q2

where s = f/f, c = f/f, f = Ee_ is the tensile
strength, fs is the shear strength, fC is the
compressive strength and ¢ is the model
parameters.

The loading-unloading condition is ensured by

£f<0, k=20, xf=0 (8)

The softening curve is controlled by the
fracture energies of pure compression Gfc and
of pure tension Gft for compressive and tensile
conditions as follows

=) 9)

with i = ¢ (compression) or t (tension); o, =

c,=fe

G,/f; €=|le| is the equivalent crack opening; e is
the crack opening vector defined by

e=h oe (10)

To determinate the fracture energy, the
simulation of the notched beam was carried out. To
analysis, finite element code with object oriented
architecture OOFEM will be used for meshing and
calculating. The geometry, mesh, and boundary
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condition were shown in figure 3.

The depth notched will vary from 10 mm to
60 mm, then fracture energy and characteristic
length will be determined.

200 i 200

500
Figure 3. Geometry, mesh, and boundary condition

Table 2. Parameters for lattice model

Model parameter

Mix
code fe f £ Gf
(MPa) | (MPa) | (GPa)
NS0.0 82 5.4 455 | Dependona
NS0.5 84 5.8 47.6 | Dependona

3. RESULTS AND DISCUSSION

3.1. Fracture energy

Fracture energy Gf, by RILEM (Bazant and
Xiang, 1997; Karihaloo, 1995) may be as the
average of the local fracture energy function
over the initial un-cracked ligament area. The
relationship between all the associated variables
is given by:

G;(a,W)= (11)

. [pda
(W-2a)B

Where is deflexion of beam, B is width of the
specimen, W is the hight of the specimen and a is
depth of notch.

The relationship between the load and
deflection (P-8) of high-performance concrete for
experiment and simulation by lattice model with
additional NS = 0.5% is shown in Figure 4. The
lattice model based on Mazard model reproduce
a good agreement with experimental results.

Figure 5 shows the load - deflection curves for
simulation, it can be observed that the mix with
NSO0.5, the P__increases 14% vs mix without NS.
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Figure 5. Load - Deflection simulation NS 0.0
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Figure 6. Fracture energy vs notch to depth ratio

Figure 6 shows significant improvement
in size dependent fracture energy for the con-
trol mix without and with nano-silica for the
experiment and simulation results. In general,
fracture energy decreases linearly with the notch
depth, and the incorporation 0.5% nano-silica
increases the fracture energy is about 37% for
the mix without NS. The improved fracture

energy can be due to the additional pozzola-
nic reaction of nano-silica which consumes
portlandite present in the hydration product. The
addition C-S-H gel enhances the pore structure
of concrete by bridging the nano level crack.
In this experiment, only one test was carried
out with the notch depth is 25mm, so the notch
to depth ratio is 0.25. It can be noted that the
lattice model is reasonably predicting the
fracture energy.

3.2. Characteristic length

Basing on the characteristic length of the
fracture process zone to evaluate the brittleness
of concrete mixes with the change of NS content.
This parameter was determined based on the
energy parameters of Gf, tensile strength, and
elastic modulus. Characteristic length is follow
((Jan G.M. van Mier, 2013; Karihaloo, 1995)):

_ G,(a,W)E
ch T f2 ( 12)
c
400
+NS0.0
+ Experiment NS0.0
300 » Experiment NS0.5
’a A
E
= 250
Q
s
200
150
100
0 0.2 0.4 0.6 0.8

Notch to depth ratio (-)

Figure 7. Characteristic length vs notch to depth ratio

Figure 7 show that the notch-to-depth ratio
affecting the level of characteristic length for
the experiment and sumulation results, where
the characteristic length decreasesas the notch
to depth ratio increases. It can be noted that the
lattice model is reasonably predicting the
Characteristic length in function of notch to
depth ratio.
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Finally, the crack propagation during the
bending test for experiment and simulation
is shown in figure 8. It can be observed the
crack propagation started at the notch tip and
propagated to the loading point. The crack
propagated as the flexural tensile cracks increases.

Figure 8. Crack propagation:

a) Experiment, b) Simulation

4. CONCLUSIONS

This study presents the experimental approach
and mechanical lattice modeling to determine
the fracture properties of concrete with and
without NS. The following conclusions were drawn:

- The incorporation of nano-silica 0.5% by
cement weight in convention normal strength
concrete exhibits improvement in fracture
properties like fracture energy and characteristic

length about 37%.

- The specific fracture energy Gf and
characteristic length measured using the RILEM
work-of-fracture procedure is found dependent
linearly on the notch to depth ratio.
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