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Abstract. The flow of Bingham non-Newtonian incompressible fluids like concrete is associated with the
large deformation of materials. The modeling and simulation of these fluids’ flow behavior by using
conventional numerical methods. suffer problem-formulation setbacks due to mesh distortion. In order to
compensate for the mathematical inefficiencies encountered in the process, particle-based methods have
evolved and been applied. Also, the use of some particle-based methods produces a stretch of unreliability
due to the Eulerian algorithmic trail, which visits every particle edge allowing for revisiting vertices during
its operation. This makes the model path cumbersome and time-consuming. Concrete flow is an important
element of sustainable infrastructural development, and its understanding strengthens the efficiency of
concrete handling and placement during construction activities. In this paper, a mesh-free method of modeling
the flowability of self-compacting concrete (SCC) known as the smoothed particle hydrodynamics (SPH) has
been reviewed. It derives its advantage from the Lagrangian algorithmic trail. This explores its merits and
demerits in the concrete construction industry to propose the best practices for the passing ability, filling
ability, and dynamic stability of the flowing fresh concrete (FFC)

1 Introduction The term rheology is employed to explain how matter
deforms and flows in the presence of external loads and
Concrete has been primarily used in the construction of different rates of shear. In 1920, Bingham proposed the
buildings, roads, bridges, pipelines, etc. As sustainable "rheology" term for the first time. The fresh concrete's
concrete projects have proliferated, so have the flowability can be understood more easily by using the
requirements for concrete quality [1, 2]. A concentrated flow curves which are connected to yield stress, plastic
dispersion of solid particles in a viscous fluid called viscosity, and shear rates. This concrete's fresh state
cementitious material concrete [3]. It is thought that features can be evaluated statistically and objectively
cement paste, which is composed of cement granules using rheology parameters. Rheology is related to the
spread in water, is not uniform [2]. Because the flowability, compatibility, and stability of concrete
dimensions of the components of concrete vary from production as well as inter-particle friction, cohesion, and
millimeter to millimeter, the fluid properties of concrete viscosity (bleeding, segregation) [7, 8].
are difficult [4, 5]. That is important to describe the The rheological properties of fresh concrete are
properties of fresh concrete since the casting, complex and diverse. For the building material's quality
consolidation, and forming processes may affect the to be guaranteed, freshly laid concrete must be suitably
hardened concrete's long-term strength. For instance, a useable [1]. Tanigawa [9] published the concept and
number of factors may shorten the lifespan of concrete method for determining the workability of concrete using
structures because of their compactness. These problems numerical flow simulation in 1988. To move and cast
are a result of the structure's internal aggregate fresh concrete into formwork without excessive
segregation and inadequate formwork filling. Therefore, segregation, the concrete should be useable [10]. The
it is essential to create numerical methods for forecasting types of workability include flowability, filling capacity,
the flow, the coarse particle distribution, and the passage capacity, pumpability, segregation resistance,
capabilities of filling and passing to save resources and and others. The two main problems are flowability and
efforts [6]. segregation resistance. Flowability affects productivity

levels, and segregation resistance affects the hardened
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concrete's performance, including static and dynamic
segregation resistance [11]. The standard concrete's
flowability is frequently affected by a wide range of
parameters, such as cement content and fineness, the
coarse-to-fine ratio of particles, the ratio of water to
cement, and the use of chemical admixtures [12].

The most commonly used methods to determine if the
concrete is fresh are the L-box, V-funnel, flow or spread
table, and slump tests [13]. The flow test with the flow
table equipment seems to be another beneficial method for
evaluating mortar quality on a lab scale [14]. That's
because a slight modification in the method of execution
could result in different results. Such experiments were
discovered to be extremely sensitive [15, 16].
Mechanisms must be devised to quantify fresh concrete's
physical characteristics.

In the past, new qualities have also been connected to
parameters using a variety of empirical evidence. To
model the flow of concrete, rheometer testing and several
numerical models were provided. Since they offer
physical quantities linked with the basic flow behavior of
concrete, rheometers are thought to be superior. These
measurements can accurately estimate the fresh concrete's
flowability to be used in different applications, such as
SCC and 3D printing. While concrete modeling yields
more accurate findings after being fully constructed, it is
utilized to predict more correctly the flow characteristics
from its composition [8]. It was discovered that the
models built on the composition utilized in the past had
restrictions due to one or more factors. Due to the
measuring tools' limits, some were discovered to be
loosely connected to the rheological measurements. Some
simply provide one factor, which is insufficient to forecast
how fresh concrete will flow. In certain models, the
impacts of aggregate characteristics, including surface
roughness, size, and form, were not taken into account
[15].

In this research paper, the deployment of the SPH in
the modeling of the flow behavior of fresh SCC has been
reviewed and its superior qualities reported.

2 General Review on Flowability of Self-
Compacting Concrete

Basis of previous studies [17, 18] has demonstrated that
the fineness, content, and type of aggregates have an
impact on concrete's flowability in addition to the use of
superplasticizers. To create highly flowable, however
cohesive cement-based products, Khayat [19] studied
various forms of viscosity-enhancing admixtures.
Additionally, limestone powder (LP)'s physical and
chemical effects can effectively enhance cement-based
composites' new features. In their own research, Cortes et
al. [20] summarized the mechanical and rheological
conduct of variously shaped sand particles and concluded
that using angular-shaped fine aggregates rather than
spherical aggregates of similar grading would result in a
greater amount of paste being needed to achieve the
desired flowability and strength. Waarde et al. [21]
employed the Bingham model in a two-dimensional
model based on the V-funnel test of fresh concrete. They

ignored adjusting the slipping resistance on the borders of
the concrete's flow. The obtained numerical results do not
closely reflect the experimental data. The results showed
that, compared to the concrete mixture with water-to-
cement ratios of 0.43 and 0.45, the concrete mixture with
a water-to-cement ratio of 0.41 caused higher differences
between the experimental and numerical outcomes.

In order to construct concrete, Hwang et al. [22]
substituted fast-cooling spherical steel slag for the natural
aggregates. As the substitution rate increased, the
concrete's workability, flexural strength, and compressive
strength all improved. The impacts of five varieties of
sand on the flowability of mortar were examined by
Estephane et al. [17]. They discovered that regular sand
with a sub-rounded form needs less water to obtain the
desired flowability value. Nazar et al. [8] utilized the
viscosity equations of dense suspensions and flow curves
to conduct a rigorous evaluation of suitable rheological
models. They provided a description of the cementitious
material's flowability as a whole. Following the
significant parameters mentioned in the equation of
theory, their research concentrated on the effects of
temperature, cement hydration, mixing methods and
sequence, air entrainment, vibration, time, and pressure
on rheology. The recycled spherical glass was utilized as
aggregate to improve the flowability of concrete.

When the right carbon nanotubes (CNTs) dispersion
method and mixing process were applied several authors
claimed a modest improvement in the flowability of
modified concrete [23]. Collins et al. [24] investigated
how different w/c levels affected the initial properties of
added carbon nanotubes to cement. The scientific report
claims that increasing the w/c proportion will enhance the
flowability of specimens. As a result, Estephane et al. [17]
investigated the effects of carbon nanotube/cement mortar
at different carbon nanotube loadings, from 0.1 percent to
0.5 percent, at varied water/binder proportions. At 0.4
percent water/binder proportion and 0.1 percent carbon
nanotube loading, the specimen attained 240-millimeter
flowability, which fell to 104 mm at 0.5% carbon
nanotube concentration. Collins et al. and Ha, and Kang
[24, 25] observed a comparable decrease in flowability
with increased CNT concentration. Skripkiunas et al. [26]
observed that adding 0.25 percent doses of carbon
nanotubes to cement, by weight, caused the plastic's
viscosity to rise by about 29.59 percent. The flowability
of cement composites, including carbon nanotubes, is
affected by the w/c proportion, the inclusion of fine fillers
such as micro silica, fly ash (FA), sonication, and
processing of the carbon nanotubes, their quantity, and
their types. Aydin et al. [27] scientific study examined the
effects of 2% weight replacement of cement by nano-
silica (NS) and 40% weight replacement of cement by FA
at a fixed w/c proportion (0.4) and carbon nanotube
content (0.08 percent) The results of the study show that
the addition of nano-silica to a concrete matrix devoid of
carbon nanotubes and FA reduced fluidity by 29.25
percent, most likely as a consequence of the higher water
requirements that the NS caused. The composite's
flowability specimen significantly improved after FA was
added compared to the specimen generated with nano-
silica and carbon nanotubes, even though it was inferior
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to the control specimen’s flow, without FA, carbon
nanotubes, and nano-silica. The literature review indicates
that FA regulates concrete fluidity irrespective of the
presence of nano-silica and Carbon nanotubes, whereas
the addition of these components increases concrete
viscosity. The FA which was mixed with nano-silica and
carbon nanotubes did not significantly increase the
concrete's flowability.

Fresh
Particle

3 Modeling Flowability of
Concrete by Smoothed
Hydrodynamics

3.1 Preamble

Roussel et al. [5] summarized current computer models of
freshly poured concrete. The Bingham model, which is
commonly conceived of as a viscous fluid with yield
strength, has been used to investigate the fresh concrete's
constitutive law in the bulk of flow simulations published
in prior works [5, 6, 28]. According to the Bingham
model, the shear stress (1) is a linear function of the shear
strain rate (t = 1o + npY), where the yield stress (10) and the
plastic viscosity (1) are fixed. The fresh concrete, having
characteristics of both granular and fluid, is a viscous
granular material, as opposed to being merely a viscous
fluid [29]. Without a doubt, the particle interlocking and
inter-particle friction in freshly formed concrete influence
its flow properties and dependence on vertical loads. The
Bingham model can be approximately used with high-
fluidity concrete because it has pretty evident fluid
characteristics, but it is problematic for regular concrete.
To explain the characteristics of fresh concrete, such as
time, nonlinear and pressure-dependent features, the
viscous granular materials (VGM) framework was
suggested [29]. Scientists have developed a unique
numerical approach using the SPH and the VGM model
[30]. This numerical method allowed for an accurate
simulation of the L-box flow [31]. It is found that, at the
minimum level of fluidity in the freshly mixed
cementitious materials, the numerical results obtained
from the VGM model may have higher precision in
comparison to the Bingham model.

The continuum of the fluid is discretized into particles
in the particle-based numerical method, referred to as
smoothed particle hydrodynamics (SPH) [29]. The
particles, a and B presented in the general formulation
framework (Fig. 1), which have material qualities, serve
as interpolating points. It can be roughly estimated by an
integral interpolation for any field function f{x)

fO) = [FEOYW(|x — x|, )dx’ (1)

In which,% is the smoothing length and W is a kernel
function. Three requirements must be met by the kernel
function : the normalization, the compact condition, and
the delta function characteristic. The number of kernel
functions is enormous [32]. Here, the well-known cubic
spine function was employed in this work.

1—§q2+2q3, 0<g<1
W(q,h) = aq i(z—q)3 , 1<q<2 @
0 , q=2

wherein r is the distance between two particles and g =
r/h. [33].

Fig. 1. General formulation framework of the SPH.

3.2 Literature Reviews on SPH SCC Flowability
Modelling

Using the 2-D SPH, Lashkarbolouk et al. [34] proposed a
model of the V-funnel test for SCC. Due to the 2-D SPH
and the homogeneous fluid hypothesis, the results
obtained from numerical analyses were less precise than
the analytical outcomes. Nevertheless, these studies do
not take into account the boundary limitation on the flow
of fresh concrete. Deeb et al. [35]utilized smoothed
particle hydrodynamics (SPH) to model the SCC's flow
without or with steel fibers in the L-box test to assess the
orientation and distribution of steel fibers.

In the research of Dhaheer et al. [36], a wide range of
SCC mixtures with 28-day cube compression strengths
ranging from 30 to 80 megapascals have been arranged in
the science department. The J-ring test time t500J and the
diameter of the flow spread for each mixture have been
documented. The entire research was again repeated,
lasting from the moment the cone was elevated until the
mix stopped pouring. To obtain a combination of the
continuity and Lagrangian momentum equations with the
necessary Bingham-type constitutive model, the
incompressible mesh-less smoothed particle
hydrodynamics method was used to simulate the flow.
The numerical simulation's goal was to examine how well
the smoothed particle hydrodynamics methodology could
forecast the flow of SCC mixtures via reinforcement bar
gaps. The dispersion of huge coarse particles in the
mixtures has been estimated and evaluated in various
sections of the flow sheet to confirm the uniform flow
behavior of the mixture. In a similar behavior in the
experimental J-ring test, all modeled mixtures are found
to satisfy the passage ability condition without blockage
for t500J, aggregate homogeneity and the flow spread.

To model the V-funnel flow of SCC, Alyhya et al. [28]
developed two-dimensional and three-dimensional
smoothed particle hydrodynamics algorithms. They
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verified that the outflow time numerical simulation results
obtained using the 3-dimensional smoothed particle
hydrodynamics approach were remarkably consistent
with the findings. The experimental data was longer than
the outflow time obtained using the two-dimensional
smoothed particle hydrodynamics approach. The 3-
dimensional smoothed particle hydrodynamics and the
Bingham model were utilized by AL-Rubaye et al. [6] to
model the flow characteristics of SCC in the L-box test.
The suggested method is extremely suited for SCC, as
seen by the satisfactory correlation between actual L-box
flow and numerical flow simulation.

In the research conducted by Cao et al. [33], smoothed
particle hydrodynamics was used to investigate the
opening flow behavior of fresh concrete. To handle the
flow's boundary constraint during openings, they
suggested a boundary restraint stress model, which made
it clear that the normal stress acting on freshly laid
concrete's shear plane grows throughout the opening flow.
The model’s parameters were developed by analyzing the
theoretical and experimental results of the V-funnel flow
test. The fresh concrete flow was then simulated using an
L-shaped box made of steel bars. The results of numerical
analyses demonstrated that when the fresh concrete has
higher median particle contact and average particle
friction angle, or the opening is narrow, the restriction of
the opening's boundary significantly influences the flow
behavior.

The impact of coarse particles on SCC was examined
in Tran-Duc et al. study [37] by taking into account its
pipe flow. A two-phase smoothed particle hydrodynamics
model was utilized to model SCC as the suspension of
coarse aggregates in cement mortar. Every coarse
aggregate was characterized by a set of solid smoothed
particle hydrodynamics particles that operate as a rigid
body. As a yield-stress fluid, the cement mortar was
described by fluid-smoothed particle hydrodynamics
particles. According to the simulation study, more coarse
aggregates—up to 24% in the circumstances under
investigation—flow at a greater rate at the same volume
fractions.

Using a 3D meshless smoothed particle
hydrodynamics computational approach, in order to
model the flow, a non-Newtonian Bingham fluid
constitutive model was used for the self-compacting fiber-
reinforced concrete (SCFRC) mixture. This numerical
simulation by Mimoun and Kulasegaram [38] was
designed to test the efficacy of the smoothed particle
hydrodynamics methodology in forecasting the flow and
passing ability of SCFRC mixtures through gaps in
reinforcing bars. The orientation and the distribution of
steel fibers in the mixtures of concrete have been modeled
and checked with findings from laboratory studies to
ensure that the concrete mixtures flow uniformly [39-40].
The simulated flow behavior of the SCFRC was found to
compare favorably with the outcomes of the laboratory
testing.

As stated earlier, the modeling of the studied concrete,
which is a fluid concrete, owes its fluidity to the
plasticizers, superplasticizers, high-range water absorbers
(HRWA), viscosity modifying agents (VMA), etc. [41-
43]. Research has shown that these additives and

admixtures are environmentally responsible materials that
reduce the carbon footprint of concrete [41-46]. It has
been proven that these environmentally responsible
materials improve the rheology of fresh concrete and the
mechanical properties of the hardened concrete [45-46].
Furthermore, Thanha et al. [47] and Yu et al. [48] used
engineered cementitious composite (ECC) and steel fiber
considered environmentally friendly, respectively to
model the flow of SCC using SPH. A few more research
works have also applied environmentally conscious
materials in various numerical applications to model SCC
flow [49-55].

So, the numerical modeling of the concrete (SCC)
produced with these eco-friendly materials takes into
consideration, the influence of the materials on the
stresses and flowability for sustainable engineering design
and construction [42].

4 Conclusions

The superiority of the smoothed particle hydrodynamics
(SPH) in modeling the flow behavior of concrete as an
elastoplastic deformation problem has been extensively
studied based on available literature.

The subject of flowability is a rheological
characteristic of the self-compacting concrete (SCC),
which was developed as a 21st-century concrete material
innovation to overcome the difficulty of concrete
handling, placement, workability, dynamic stability, and
settlement especially in heavily reinforced structural
members.

Over the years, this phenomenon has been studied
using the Orimet flow, L-box flow, V-funnel flow, Cone
flow, etc.

Analytical models have been used to study the physics
behind the flow in SCC with results not too sufficient to
deal with advanced cases.

Numerical models have also been deployed to take of
the lapses of the analytical solutions but due to their
Eulerian solution interface, their ability to deal with large
deformations and mesh distortions is limited.

This review study has been able to explore the many
possibilities of using the SPH in solving all the SCC flow
models with ease and mathematical consistency due to its
particle-based solution interface and its Lagrangian
algorithmic system.
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