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Abstract. Engineered Cementitious Composite (ECC) is a special class of the new generation of high performance fiber
reinforced cementitious composites (HPFRCC) featuring high ductility with relatively low fiber content. In this research, the
mechanical performance of ECC beams will be investigated with respect to the effect of slag and aggregate size and amount, by
employing nonlinear finite element method. The validity of the models was verified with the experimental results of the ECC
beams under monotonic loading. Based on the numerical analysis method, nonlinear parametric study was then conducted to
evaluate the influence of the ECC aggregate content (AC), ECC compressive strength (fzcc), maximum aggregate size (Dya) and
slag amount (¢) parameters on the flexural stress, deflection, load and strain of ECC beams. The simulation results indicated that
when increase the slag and aggregate size and content no definite trend in flexural strength is observed and the ductility of ECC
is negatively influenced by the increase of slag and aggregate size and content. Also, the ECC beams revealed enhancement in
terms of flexural stress, strain, and midspan deflection when compared with the reference beam (microsilica MSC), where, the
average improvement percentage of the specimens were 61.55%, 725%, and 879%, respectively. These results are quite similar
to that of the experimental results, which provides that the finite element model is in accordance with the desirable flexural
behaviour of the ECC beams. Furthermore, the proposed models can be used to predict the flexural behaviour of ECC beams
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with great accuracy.
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1. Introduction

In recent years, the effort to modify the brittle nature of
ordinary concrete has resulted in modern concepts of high
performance fiber reinforced cementitious composites,
which are characterized by tensile strain-hardening after
first cracking. Depending on its composition, its tensile
strain capacity can be up to several hundred times those of
normal and fiber reinforced concrete (Balaguru and Shah
1992, Lim and Li 1997, Kunieda and Rokugo 2006,
Fraternali et al. 2011, Cho et al. 2012, D’Ambrisi et al.
2012, D’Ambrisi et al. 2013).

Recently, engineered cementitious composites (ECCs)
have been proposed as a new class of concrete materials
which have considerably greater level of ductility.

ECC is a unique kind of cementitious composite having
high ductility and damage tolerance properties under
intense mechanical loadings, including tensile and shear
loadings (Li 1998, Li et al. 2001, Li 2002, Zhang and Li
2002, Lepech and Li 2008, Li 2008, Sahmaran and Li
2009).

The material is optimized as per the principles of
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micromechanics (Li 1993, Maalej and Li 1995, Lin and Li
1997, Li 1998, Zhang et al. 2006, Hawileh 2015) which
increases the tensile strain capacity of material up to 3-5%
where operating uniaxial tensile loading making it
achievable through only 2% polyvinyl alcohol (PVA) or
polyethylene fibre (PE) quantity by volume (Li et al. 1995,
Li 1998, Lin et al. 1999, Maruta et al. 2005). The
characteristic  strain-hardening behavior of ECC s
accompanied by the sequential development of multiple
microcracking. Even at ultimate load, the crack width
remains on the order of 50 to 80 um.

A micromechanics-based material design theory is
employed to enhance the strength and energy ratios of the
mixture proportions of ECC to acquire high composite
ductility (Li 1998, Li et al. 2001, Dhawale and Joshi 2013).
The crack control properties of ECCs with respect to
controlling the width of occurring cracks depend upon the
type, size, and amount of fibre, matrix ingredients and
interface properties of the material. The manufacture of
ECCs is done by employing particular quantities of high-
quality mixtures, which when accompanied by the bristly
material in the paste, helps to enhance the matrix (ECC
without fibre) toughness. As a result, the material attains the
crack control characteristics i.e., delayed crack initiation
and prevention of steady-state flat-crack propagation which
might cause to reduce the tensile ductility of ECC
(Nallathambi et al. 1984, Li et al. 1995, Perdikaris and
Romeo 1995). Moreover, the introduction of aggregates
with a particle size larger than the average fiber spacing
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leads to balling of fibers and results in poor fiber dispersion
uniformity ( Nagi, M. and Hsu 1992, De Koker and Van
Zijl 2004). This proposes that ECC with fine aggregate
must have a standard aggregate/binder ratio (A/B) of 0.36
and a maximum grain size of 250 um (Hind et al. 2016b, c,
d, Li et al. 1995, Fischer and Li 2003).

Due to environmental and economical reasons, there is a
growing trend toward using industrial by-products as
supplementary materials in the production of different types
of concrete mixtures. Among the various supplementary
materials, Slag (S) is the most commonly available mineral
admixture. This by-products from industrial processes is
usually available in large quantities. However, in the past
few years, S has been used as a substitution of cement with
regard to its application in ECC (Kim et al. 2007, Wang and
Li 2007, Zhou et al. 2010). Higher concentration of cement
is obtained when coarse aggregate is absent in ECC.
Furthermore, partial replacement helps to reduce ecological
loadings. As mentioned previously, employing larger
quantities of mineral admixtures, helps decreasing the
strength of matrix while enhancing that of ECC with respect
to tensile ductility (Wang and Li 2007, Yang et al. 2009,
Nematollahi et al. 2015). Moreover, anhydrite mineral
admixtures having small particle size and even spherical
shape are employed as filler particles, providing higher
density of the fibre/matrix interface transition zone resulting
to produce high frictional bonding (Wang and Li 2007, Pan
et al. 2015, Said and Razak 2015, Said et al. 2015). This
enhances long-term stability of the structure by significantly
decreasing the steady-state crack width.

It is hypothesized that the increase in matrix toughness
due to an increased amount and size of aggregates could
potentially be offset by the decrease in toughness when
high-volume mineral admixture is used in the production of
ECC. Recently, Sahmaran et al. (Sahmaran et al. 2009,
Sahmaran et al. 2013) investigated the influence of
aggregate size on the mechanical properties of high-volume
FA-ECC. The test results indicate that aggregates with a
maximum aggregate size of up to 2.38 mm, as long as they
do not interfere with the uniform fiber dispersion, do not
negatively influence the ductility of ECC. In addition to
aggregate size, there is a desire to increase the amount of
aggregates and explore the use of an alternative mineral
admixture type beyond FA. However, far too little attention
has been paid to study the flexural behavior of the ECC
beams numerically. In addition, the influence of using slag
as a deliberate approach has also not studied in terms of
limit the matrix toughness and restore tensile ductility when
higher amounts of aggregates are used. This study intends
to fill this knowledge gap.

The objective of this study is to investigate the influence
of simultaneously increasing the aggregate amount and size
and slag amount on the flexural behavior of the ECC beams
using 3D nonlinear finite element simulation by ANSYS
software. The comparative analysis of these results with
those obtained through experimental study of elements
having similar geometric and mechanical characteristics,
employing them as reference models. A nonlinear
parametric study was conducted to examine the influence of
the ECC aggregate content (AC), ECC compressive strength

(fecc), maximum aggregate size (Dmax) and slag amount (¢)
factors on the flexural stress, deflection, load and strain.

2. Numerical modelling of ECC beams
2.1 ANSYS finite element models

ANSYS program was employed to determine the
malfunctioning of nonlinear finite element model. The
program is able to deal with the particular numerical models
designed to account for the nonlinear course of actions of
concrete and ECC beams operating under invariable
loadings. The ECC beams and Microsilica concrete (MSC)
were modelled by using SOLID 65 elements. Each of these
elements entails eight nodes with three levels of freedom at
each node and transformations in the nodal x-, y- and z-
directions. SOLID 65 elements hold the properties of plastic
deformation, three-dimensional cracking and crushing.
ANSY'S employs linear isotropic and multi-linear isotropic
material attributes for modelling concrete, along with
supplementary concrete material properties, for replicating
actual concrete behaviour (Manual 2014).

The state of cracked surface is indicated through the
shear transfer coefficient $, whose value ranges from 0.0 to
1.0, where 0.0 symbolizes a smooth crack while 1.0
represents a coarse crack (Kwan et al. 1999, Terec et al.
2010). In this study, the value of shear transfer coefficient
of an open crack, f; is 0.2 (Damian et al. 2001) while the
value of shear transfer coefficient of a closed crack, f. is 0.8
(Raongjant and Jing 2008). For ECC beams, £=0.05 and
S.=0.45, were adopted (Wolanski 2004).

The equation E_ = 4700 f, , can be used to calculate the
modulus of elasticity of the MSC while the tensile strength
can be computed from the equation f, =0.62\/f—c'. The

Poisson’s ratio gave the value of 0.2. Furthermore, the
following equations for the multi-linear isotropic stress-
strain curve were used to obtain the compressive uniaxial
stress-strain values for the MSC model (Damian et al. 2001,
Raongjant and Jing 2008)

2le gnd fo—Fof
E. 1+(5/50)

Ec:fel/gell €o =

)

Where fg is the stress at the elastic strain (g) in the
elastic range ( f, =0.30f,), &, is the strain at the ultimate

compressive strength, - fc' is the compressive strength of

the concrete from tests on cylinders and f is the stress at any
strain .

For ECC, typical stress-strain curves obtained from
uniaxial tension and compression tests are shown as dotted
lines in Fig. 1 (Kanda et al. 2000, Leung and Cao 2010,
Zhou et al. 2014, Nematollahi et al. 2015). To simplify
theoretical modeling, the following assumptions which
derived by Yuan et al. (Yuan et al. 2013) were used in this
study. These assumptions provide simple analytic formulas
for the stress-strain relation of pseudo-strain hardening
cementitious composite. The assumption of this approach is
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Fig. 1 Stress-strain relationship of ECC

that fibers are uniformly distributed in the matrix and the
fiber reinforced concrete beams is thus modeled as a
homogeneous material. It assumes that the main two failure
mechanisms are tensile cracking and compressive crushing
of the concrete and it allows the definition of strain
hardening in compression. The influence of the slag
amount, aggregate content, and maximum aggregate size
have been considered through the tensile and compressive
stresses used in the following assumptions.

The following equations were used to obtain the tensile
stress-strain relationship of ECC (Yuan et al. 2013)

O,
o =—C¢ 0<e<é, 2)
Eic
g_gtc
Ot =0y +(Gtu _Gtc{g g J & SE<é&y (3)
tu — “tc

Where o represents the first cracking strength in
tension, & represents the strain at first cracking, oy
represents the ultimate tensile strength, ¢, represents the
tensile strain at oy,.

The compressive stress-strain relationship of ECC can
be expressed as (Yuan et al. 2013)

_p%« <g<l
o, 28cog 0_5<3£C0 4)
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Where o represents the compressive strength, e
represents the strain at peak stress, o, represents the
ultimate compressive stress (in the postpeak branch), &
represents the ultimate compressive strain.

In this study, ¢,=0.50, and &,,=0.5¢,, were adopted.
The maximum size of the concrete elements was taken as
1x1x1 mm.

Solid 185 element (Manual 2014) were used to model
the loading and support plates. The solid element has eight
nodes with three degrees of freedom at each node,
translations in the nodal x, y, and z directions. The steel
plates incorporated into the finite element models were
assumed to be linearly elastic materials with an elastic

modulus of 200 GPa and a poisson’s ratio of 0.3.

2.2 Structural models

In order to study the flexural behaviour of ECC beams,
six ECC beams with dimensions of (360x75x50) mm, have
been modelled and compared with MSC beam model, as
shown in Fig. 2. The beams were designed to be simply
supported over a clear span of 304 mm and subjected to
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Table 1 ECC mixture proportions containing slag by weight

Aggregate/Binder oc HRWR
0-400 0-1000 (kg/m?)

Specimen ID. Cement w/b

um um
S-1.2-0.36-400 1 0.27 0.36 - 1.2 5.8
S-1.2-0.45-400 1 0.27 0.45 - 1.2 5.9
S-1.2-0.55-400 1 0.27 0.55 - 1.2 6.0
S-1.2-0.36-1000 1 0.27 - 0.36 12 49
S-1.2-0.45-1000 1 0.27 - 0.45 12 5.0
S-1.2-0.55-1000 1 027 - 055 12 50
S-2.2-0.36-400 1 027 036 - 22 47
S-2.2-0.45-400 1 027 045 - 22 41
S-2.2-0.55-400 1 0.27 0.55 - 22 43
S-2.2-0.36-1000 1 0.27 - 036 22 35
S-2.2-0.45-1000 1 0.27 - 045 2.2 3.6
S-2.2-0.55-1000 1 0.27 - 055 22 40

Table 2 Mechanical and geometric properties of PVA fibers
Nominal Apparent

Fiber Young StrainSpeFiﬁC
Tvpe Strength Strength (um)  (mm) Modulus %) Weight
YP¢  (mPa) (mpa) (GPa) (kg/m?)
PVA 1620 1092 39 8 428 6.0 1300

DiameterLength

four-point loading. The basic mixture ingredients in ECC
were: two different fine aggregate sizes (400 and 1000) pm,
three aggregate contents (0.36, 0.45, and 0.55 A/B), Slag
(S) mineral admixture type, (1.2 & 2.2 S/C ratio) mineral
admixture replacement rate and a constant water-binder
ratio (w/b) of 0.27 are considered. Details of this factorial
design and designation of mixtures are presented in Table 1.
PVA fiber 8 mm in length and 39um in diameter
extensively used in this study. To account for material
inhomogeneity, a PVA fiber content of 2% by volume has
been typically used in the mixture design. Table 2 illustrates
the mechanic and geometric properties of PVA fibers. All
the used data in this study based on confirmed experimental
results, which have been achieved by (Sahmaran, Yucel et
al. 2012).

3. Verification of numerical

experimental results

modelling  with

3.1 Load-deflection curves

The flexural load-midspan beam deflection curves for
all the ECC beams are shown in Fig. 3. In the flexural load-
deflection curves, the load at the first drop associated with
the first cracking is defined as the first cracking load, the
maximum load is defined as the flexural load, and the
corresponding deflection is defined as the flexural deflectio-
on (midspan beam deflection) capacity. Fig. 3 further shows
that while operating under deflecting load, an ECC beam
having 1.2 replacement rate of slag bends similar to that of
a ductile metal plate due to its property of plastic
deformation. In all ECC beams, the flexural cracks
prevailing at the tension surface are the first cracks to

appear. Following this, the load increases along with
producing multiple cracking, enhancing the inelastic
deformation with an increase in stress. Microcracks
produced from the first cracking point continued to extend
in the midspan of the flexural beam. However, upon
reaching the certain limit of fibre strength of the
microcracks, bending failure in ECC took place, leading to
cause a particular extent of deflection in that part when it
reached its limit of flexural strength.

The average first-crack load of ECC beam varies from
1480 to 1630 N in accordance with slag amount. The
increase in the S/C ratio from 1.2 to 2.2 reduces the first-
crack load by an average of up to 10%. However, aggregate
amount have little or no influence on the magnitude of the
first-crack load of the ECC beams. Also, the stiffness of the
beams does not appear highly sensitive to maximum
aggregate size at a given aggregate content. This result is
consistent with what is stated in the previous researches
(Hind et al. 2016a, A'icin and Mehta 1990, Baalbaki et al.
1991, Cetin and Carrasquillo 1998).

3.2 Flexural strength

The numerical flexural strength data for all ECC beams
have been studied and compared with MSC beam as shown
in Fig. 4. The predicted stress values firstly increase linearly
with corresponding deflection before first cracking stress of
9.3 MPa for 400 pm maximum aggregate size beams and
8.1 MPa for 1000 pm maximum aggregate size beams.
After that, the curve suddenly changed and keeps almost
horizontal until ultimate moment capacity is reached.
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beams
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Fig. 5 Influence of slag amount and aggregate size and
amount on flexural stress

Fig. 5 shows that the averaged ultimate flexural
strengths vary from 11.48 to 12.85 MPa for numerical
results. As in the case of compressive strength results, the
aggregate content and maximum aggregate size also appear
to have a negligible effect on the flexural strength, at least
within the parametric range investigated in experimental
and numerical studies. Also, the results showed that the
increase in the slag amount reduces the ultimate flexural
stress in accordance with the maximum aggregate size
which match the experimental results.

It is evident that the stresses of beam are decreased by
the increase in slag amount and aggregate content and size

as per the contour plots of the simulation results of flexural
stress shown in Fig. 6. The cracks continued to spread over
the top layer of the beam after cracking, without noticeable
crack width. The constant moment region was also
surrounded by various minute cracks with parallel to the
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major one. At the same time, amid the loading process the
division of various minute cracks is also starting from the
centre to both supports of the beams. After initial cracking,
several cracking along the specimens and minor strain
hardening behaviour is quite evident. Following that, the

external moment causes to distort the adhering of fibres and
cementitious matrix reducing their ability to withstand the
tensile stresses. In this stage the load was continues to
decrease gradually once the maximum load is applied. In
the end, the ECC beams failed to sustain the stress, leading
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Fig. 7 Flexural stress enhancement versus aggregate content
of ECC beams

to cause multiple fibre fracture, giving rise to major cracks
in the midspan (Hind et al. 2016a, Pan et al. 2015).

It appears from Fig. 7 that the ECC beams show
enhancement in terms of flexural stress when compared
with  MSC beam. The average percentage strength
improvement of S/C ratio of 1.2 ECC beams as compared to
that of MSC beam was 71.51%. While for S/C ratio of 2.2
ECC beams, the average enhancement percentage in
flexural stress was 65.59%.

3.3 Flexural strain

A numerical flexural stress- strain curve is shown in Fig.
8, which can be parted into two sections:

1. Elastic stage: This occurs along the first cracking

process. The point of first cracking is analogous to the

end of the initial linear section of the stress-strain curve.

The strain at this stage is called first cracking strain.

2. Strain hardening stage: In this stage the flexural load-

carrying ability increases to cause a consequent increase

in strain which is accompanied by multiple cracking.

The strain at this stage is called flexural strain.

The average ultimate strain for slag replacement ratio of
1.2 & 2.2 ECC beams are 800% and 650% higher than that
from MSC beam, respectively.

As seen from Fig. 9, the maximum strain and deflection
decrease with an increase in slag amount and aggregate
content of ECC beams by percentage of 20% and 10%,
respectively. Specifically, high aggregate content and the
presence of coarse aggregates in a paste tend to increase the
matrix (ECC without fiber) toughness, which delays crack
initiation and prevents steady-state flat-crack propagation,
resulting in a loss of tensile ductility of ECC (Nallathambi
et al. 1984, Li et al. 1995, Perdikaris and Romeo 1995).
Furthermore, employing aggregates having a particle size
larger than the average fibre spacing may cause balling of
fibres, leading to provide inadequate fibre dispersion
uniformity (Nagi and Hsu 1992, De Koker and Van Zijl
2004).

3.4 Mid-span beam deflection

The flexural deflection capacity of ECC beams, which
reflects the material ductility, is summarized in Fig. 10. As
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MSC beams
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Fig. 9 Influence of slag amount and aggregate size and
content on the flexural strain and deflection of ECC beams

shown in this figure, the total deflection of the ECC beam
strongly depends on the type and amount of mineral
admixture. Beams of S-ECC showed significantly good
deflection capacity when compared to the MSC beam. The
improvement in the deflection capacity with the use of S
can be attributed to the fact that the addition of S has a
tendency to reduce PVA fiber/matrix interface chemical
bond and matrix (ECC without fiber) toughness while
increasing the interface frictional bond (Li 1993).

The adverse effects of increased size of aggregates on
ductility performances of ECC are shown in Fig. 10. This
figure indicates that the increase in aggregate size and
amount result in a decrease in the ECC ductility. The
negative effects of increasing aggregate size at large
aggregate content on ductility may be attributed to the
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Fig. 10 Influence of slag amount and aggregate size and
amount on deformability of ECC beams in flexure

corresponding poor dispersion of fibers. Required coating
of fibres by the matrix is avoided by the balling of fibres
supported by coarser aggregates at continuous aggregate
content. Therefore, this affects a significant component that
affects ductility i.e., effective fibre content (Nagi and Hsu
1992). In addition, a greater extent of aggregate
interconnection is anticipated for ECCs with larger
aggregate size and volume, giving out a greater matrix
toughness, which results in the decrease in the margin to
develop multiple cracking (Li et al. 1995, Li 1998).

It appears from Fig. 11 that the ECC beams show
enhancement in terms of deflection when compared with
MSC  beam. Theaverage percentage deflection
enhancement of S/C ratio of 1.2 ECC beams whereas that of
MSC beams was 894.79%, while for S/C ratio of 2.2 ECC
beams the average percentage deflection enhancement was
863.5%.

Other than ECC properties, characteristics and kinds of
mineral admixture plus amount of the PVA fibres also
determine the flexural behaviour of the beam specimens.
Nonetheless, appropriate and suitable estimates of
experimental outcomes can be provided by the simulation
outcomes. It is to be noted that the techniques that are used
to examine the flexural behaviour of the ECC are tested
before they are implemented. The suggested numerical
mechanism will be employed to evaluate the impacts of
various parameters on the mechanical behaviour of the ECC
beams.

4. Nonlinear parametric study

A nonlinear parametric study is carried out to evaluate
the influence of parameters on the prediction of the flexural
stress, deflection, load and strain of ECC beams in a 3D FE
simulation, which comprises aggregate content (AC), ECC
compressive strength (fgcc), maximum aggregate size
(Dmax) and slag amount (¢). These parameters have been
obtained using an exponential regression line. The
exponential regression analysis resulted in higher R? values
(0.98) than other types of regression. This type of
regression was used because it yielded a more realistic
prediction of the flexural behavior of ECC beams (Hind et
al. 2016e).
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Fig. 11 Deflection enhancement versus aggregate content of
ECC beams

4.1 Influence of ECC compressive strength

The compressive strength is an important factor in the
stiffness of the ECC beams. Figs. 12 and 13 clarify the
influence of the compressive strength on the likelihood of
flexural stress and load, where, an increase in the
compressive strength increases the flexural stress and load

of ECC beams by 7.13¢%%%"ecc and 5.7x102¢%03fecc

respectively. Furthermore, the flexural deflection for ECC
beams decrease with an increase in compressive strength by

4.692e9005fecc \while the flexural strain increase with an

increase in compressive strength by 0.02e %%fecc  as
shown in Figs. 14 and 15.

4.2 Prediction of new models

It is a well agreed notion that an ideal design of the ECC
mixture having its factors in accordance with the
micromechanical design theory necessarily requires to be an
effective tool able to enhance the mechanical characteristics
of hardened mixtures. However, there still exists the need to
obtain comprehensive and precise information explaining
the mechanical nature of ECC beams as per the provided
conditions. Hence, to analyse the ultimate flexural stress
(FS), deflection (Def), load (L) and strain (ST) statistically,
new models of correspondence have been designed on the
basis of four major factors of ECC i.e., aggregate content
(AC), ECC compressive strength (fgcc), maximum
aggregate size (Dmax) and slag amount (¢). Egs. (7)- (10)
illustrate these relations

_ 6.532AC%0?DS!

f —-0.152 ,0.089 (7)
ECC

FS

7134 ACT0%D 21

8
182y o ?

Def

—-0.106  —0.086
_29AC 106p 0f
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ECC

L x10° (9)
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Fig. 12 Influence of ECC compressive strength on the
flexural stress by comparing numerical, and predicted
results of ECC beams
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Fig. 13 Influence of ECC compressive strength on the
flexural load by comparing numerical, and predicted results
of ECC beams
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Other than ECC properties, characteristics and types of
mineral admixture plus amount of the PVA fibres also
determine the flexural behaviour of the beam specimens.
Nonetheless, appropriate and suitable estimates of
experimental results can be provided by the parametric
study results. The provided models may also be employed
to obtain a precise estimate of the flexural behaviour of
ECC beams.

5. Conclusions

This research aims to analyse the potential effect of
aggregate size and amount upon the mechanical
performances of ECC beams by means of employing
nonlinear finite element model. To test the validity of
models of the ECC beams operating under monotonic
loading, experimental results were obtained. Based on the
numerical analysis method, nonlinear parametric study was
then conducted to evaluate the influence of the aggregate
content (AC), ECC compressive strength (fzcc), maximum
aggregate size (Dmax) and slag amount (¢) on the flexural
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Fig. 14 Influence of ECC compressive strength on the
deformability in flexure by comparing numerical, and
predicted results of ECC beams
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Fig. 15 Influence of ECC compressive strength on the
flexural strain by comparing numerical, and predicted
results of ECC beams

stress, deflection, load and strain of ECC beams. From the

results obtained, the following conclusions can be drawn:
* The simulation results indicate that when increase the
aggregate size and content no definite trend in flexural
strength is observed, at least for the limited aggregate
size range studied. The ductility of ECC is negatively
influenced by the increase of slag and aggregate size and
content.
» The ECC beams showed enhancement in terms of
flexural stress, strain, and midspan deflection when
compared with MSC beam, where, the average
improvement percentage of the specimens were 61.55%,
725%, and 879%, respectively.
« As per the finite element analysis, the flexural stress-
deflection property of the beams was in agreement with
the results obtained from experiments. Nonetheless, the
numerical values for average ultimate strength and
deflection obtained for the beams are 1.6% larger than
those obtained from the experimental results. In addition
to the ECC properties, the flexural behaviour of the
beam can also be identified through properties and
nature of mineral admixture, and quantity of the PVA
fibres. The accuracy of experimental results can only be
obtained through replication of results. Furthermore, the
numerical method to identify the flexural behaviour of
the ECC beams is validated through these results.
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* The nonlinear parametric study demonstrated that the
mid-span beam deflection properties, through which
material ductility, flexural stress, load and strain of ECC
beams are subjected to considerable variations with
respect to changes in AC, Dpax, fecc and ¢ parameters.
The deflection ability and flexural stress of the beams
are in a negative relation with these factors.
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