Vol 45 No. 9
September 2024

Journal of Harbin Engineering University
ISSN: 1006-7043

FEM Analysis of Light Weight RC Beams Made Using Expanded Polystyrene and
Montmorillonite

Surjith Singh Raja R P, J. Saravanan
Research Scholar, Department of Civil and Structural Engineering, Annamalai University, Chidambaram, India
Associate Professor, Department of Civil and Structural Engineering, Annamalai University, Chidambaram,
India
Abstract
Owing to advancements in technology and research on the compressive strength of concrete in recent years,
light weight concrete (LWC) has emerged as the material of choice for applications requiring economy, high
strength, stiffness, and durability. Nonetheless, ductility and strength are typically inversely correlated. Under
severe applied loads, lightweight concrete can suddenly break due to its brittle nature. Lightweight concrete
composed of cement, calcined montmorillonite powder, natural coarse aggregate, expanded polystyrene, sand,
and water was used in this investigation. Investigating the nonlinear flexural behaviour of reinforced lightweight
concrete (RLWC) beams is the goal of this work. The ANSYS software was utilized to create finite element models,
investigating the impact of various factors on the flexure response of RLWC beams. The main steel's impact and
yield strength, as well as the beam's breadth, depth, and shear span, are among the factors taken into account.
The resulting outcomes were compared with the outcomes of the experiment. By utilizing FEA at the same
location as the experimental test of the beam, the load deflection curve was determined.
Keywords: Lightweight concrete, reinforced concrete beam, flexural behaviour, ANSYS, Finite Element.

1. Introduction

The development of lightweight aggregate
concrete (LWC) has received a lot of attention since
it has many superior qualities over regular weight
concrete, such as lower density, improved fire
resistance, higher earthquake resistance, and
more. However, a few flaws with LWCs, like a poor
tension-compression ratio and reduced tensile and
shear strength, have kept them from being widely
utilized in the building sector. We are well aware
that adding fibers to concrete can mitigate these
negative consequences and significantly increase
the ductility and strength of LWCs. Fibres of various
types can be added to concrete, particularly light-
weight combinations, to boost the material's ability
to absorb energy after matrix breaking. Fibres
decrease the crack opening in a material, increasing
its fatigue strength [1]. In cyclically stressed fibre
reinforced concrete, the specimen's maximum
deformation and the width of the matrix rupture
fracture affect the post-cracking zone's elasticity
modulus. This is due to the fact that these two
elements play a part in the matrix's rupture. More
energy is needed in fiber-reinforced concrete to
overcome reinforcing mechanisms after the matrix
breaks than is consumed during matrix breakdown.
Thus, energy absorption capacity is the main

benefit of fibre reinforcement [2]. A further
consequence of the growing demand for living
space in modern architecture is their increased
height, depth, and width [3]. To meet these
demands, new, extremely strong, lightweight
concrete has been developed throughout the last
20 years [4,5].

To improve LWC's tensile and flexural
strength, resilience to quick and dynamic loading,
and ability to withstand explosive impacts, steel
fibers are added. By including steel fibers, LWFC's
ability to support weight is increased to the level of
conventional weight concrete's strength. This
reduces the width of the cracks and regulates how
they spread. Furthermore, by lowering the weight
of the concrete, the potential to deform is reduced,
leading to cost-effective solutions [6,7]. To examine
the flexural characteristics of concrete reinforced
with fibres, many studies, both theoretical and
practical, have been conducted. A theoretical
discussion of steel fiber reinforced concrete was
conducted by Solahuddin [8]. An inquiry into the
application of fiber-reinforced polymer composite
in improving the structural behavior of reinforced
concrete beams was carried out by Solahuddin &
Yahaya [9]. Zhu et al. [10] investigated the
application of ultra-high-performance concrete for
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flexural support of reinforced concrete structures.
Khaleel [11] looked into how steel fibers affected
the flexural strength, crack lengths, and shear
strength of concrete beams under repeated stress.
Steel fiber's effect on flexural toughness in self-
compacting lightweight aggregate concrete was
investigated by Li et al. [12]. In order to disperse
short, thin steel fibers in ultra-high-performance
concrete, Gou et al. [13] created a unique
technique. A study by Mohamed et al. [14]
investigated how steel fiber affected the deep
beams' resistance to deterioration composed of
lightweight reinforced concrete foam. Similar
flexural response to normal weight concrete was
found by Alshannag et al. [15] when they
investigated the application of naturally occurring
lightweight aggregates in the construction of
reinforced concrete beams. In an investigation of
how glass fiber-reinforced polymers behave in
structural buildings, Mohammed et al. [16]
discovered that compared to steel, these
composites had more cracks and a greater ultimate
load capacity. Lightweight concrete beams
strengthened with glass-fiber reinforced polymer
bars were examined for both their serviceability
and flexural behaviour by Mehany et al. [17].

When building a long-span bridge,
lightweight aggregate concrete (LWC) has several
benefits, such as decreased internal force and
expanded beam span. Because of its remarkable
ductility and resilience to cracking, Lightweight
concrete reinforced with steel fiber is gaining
popularity. The researchers had to find less
expensive ways to simulate concrete structures
because experimental tests are costly and time-
consuming. To achieve this, they used a variety of
numerical and analytical modeling techniques.
When compared to experimental research, finite
element (FE) analysis yields precise and expedient
results for structural assessment. Many researchers
attempt to demonstrate the simpler and easier
approach, for as by developing software like ANSYS.
This work employs the finite element method and
ANSYS to investigate the nonlinear flexural
behavior of reinforced lightweight concrete (RLWC)
beams. The outcomes were then compared with
experimental findings.
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2. Literature Survey

Touhami Tahenni et al., [18] examined how steel
fibers affected the deflection behavior and stiffness
of tensioned concrete reinforced with steel. The
study compared experimental deflections with
theoretical values from popular design codes using
four-point bending. A novel model that took into
account the steel fiber orientation, aspect ratio,
and volume percentage was presented. The study
discovered that the stiffness and deflection
behavior of tensioned concrete were greatly
enhanced by the steel fibre addition. It was
discovered that the model could satisfactorily and
reliably estimate the SFRC beam deflection.
Mohammad Alshannag et al., [19] examined how
lightweight, high-strength  concrete  beams
reinforced with reused plastic fibers, steel, and
crimped polypropylene would respond to flexural
loads. Comparing fiber-reinforced beams to control
beams, the results indicate that the former have
higher toughness, ductility, and load carrying
ability. With steel fibres (0.5%) and crimped
polypropylene fibres (0.25%), the reinforced beams
showed the most benefit.

Al-Naimi et al., [20] explored the impact of 3D fibres
on recycled lightweight concrete beams, focusing
on ductility and flexural behavior. Steel fibres were
used to enhance ductility, and stirrups were
partially replaced with fibres. Results show fibre
reinforcement can partially replace stirrups, but
complete removal leads to brittle failure. The study
uses nonlinear finite element analysis to validate a
SFRLC constitutive model.

Zareef et al, [21] examined the flexural
characteristics of GFRP (glass fiber reinforced
polymer) bars, which are utilized to strengthen
LWCBs, or lightweight concrete beams. It evaluates
how well LWCBs perform in comparison to Normal
Concrete Beams (NCBs) when they have different
GFRP bars and Steel Reinforcement (SR) ratios.
Finite element models and beam test results exhibit
a strong correlation, according to the results, with
GFRP-reinforced LWCBs primarily functioning as
elastic deformed elements. This demonstrates the
potential of GFRP and LWC bars in the building
sector.

Ghannoum et al., [22] examined whether finite
element (FE) modelling is a suitable method for
predicting how reinforced concrete beams' shear
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strength will behave with EPS additions. The
experimental load-deflection qualities can be
precisely replicated by both FE techniques,
according to the results. Nonetheless, the
approximate cracked patterns and damaged-zone
distribution during loading stages cannot be
obtained with the deterministic FE technique.
Given the concrete heterogeneity and changed
spatial mechanical properties resulting from EPS
additions, the stochastic technique makes sense.
Alzara et al., [23] examined how fire-exposed
reinforced foam concrete slabs behaved in relation
to concentric and eccentric stresses. Using the
ANSYS software and the finite element approach,
the study examined flat slabs of reinforced concrete
that were 150 mm thick and had a density of 1820
kg/m3. Based on the study, foam concrete slabs'
maximum bearing weight is reduced by 25% due to
fire effect. The study also discovered that the
compressive strength of lightweight structural
concrete made with fibres and additives was 30.0
MPa and its density was 1820 kg/m3. Lightweight
concrete slabs had a low maximum load, a decrease
in cracks, and an increase in crack width.

Ibrahim et al., [24] examined the shear behaviour of
deep beams under single midspan focused loads
utilising polystyrene foam balls in place of some of
the coarse material. According to the findings,
these beams are 30% lighter than NWC deep beams
and exhibit almost the same shear behaviour and
failure cause. Cracking and ultimate shear strength
are strongly influenced by the shear span-to-depth
ratio; bigger values result in lower ultimate shear
strengths. When there are gaps in the shear span,
the ultimate strength decreases, but the ultimate
load decreases as the opening depth increases.
Shear capacity and displacement ductility are
improved when beams surrounding apertures are
internally stiffened, and ultimate shear capacity
and displacement are enhanced when the
proportion of reinforcement made of tensile steel is
raised. The research suggests that the opening
depth should not exceed 20% of the deep beam
depth and internal strengthening is recommended.
Xi Liu et al., [25] examined fourteen light-weight
aggregate concrete beams under a four-point bend
stress that had fiber-reinforced polymer
reinforcement bars. The beams were simple and
strengthened with steel fibres. Lowering the largest
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crack width under light loads was discovered to be
possible with steel fiber-reinforced lightweight
concrete and longer clear spans; lowering the
largest crack width at all loading levels was
demonstrated to be possible with higher
reinforcing ratios. More over 50% of the samples
reinforced with GFRP had non-conservative
fracture lengths, even though all CFRP-reinforced
beams satisfied the 0.7 mm fracture width criteria.
Regarding beams strengthened with GFRP and
CFRP, a logical alternative crack width model was
presented, taking into account the impacts of steel
fibres and lightweight aggregates. The results of the
investigation validate the crack width formulae in
ACI 440.1R and ISIS-M03, however nearly all of the
time GB 50608 provided estimates that were
dangerous.

Chandramouli et al., [26] investigated the use of
lightweight clay aggregate (LECA) in lightweight
concrete (LWC) beams as a complete substitute for
coarse aggregate. The LWC beams' energy
absorption capability, ductility index, and load-
deflection were contrasted with those of
conventional concrete beams. The study
discovered that LECA can be substituted for stone
aggregate in concrete without having an impact on
the material's structural integrity. Welded wire
mesh (WWM) was used as internal reinforcement
to boost load carrying capacity without adding
weight to the beam. The study also discovered that
the increased binder content in LWC concrete can
be offset by using fly ash.

Al Zand et al. [27] evaluated a novel steel-concrete
composite beam system's flexural performance for
flooring applications. System preparation involves
filling a cold-formed steel C-section with concrete
that contains a range of lightweight recycled
aggregates. 14 samples of galvanised steel C-purlin,
both with and without the filler material, were
evaluated for the investigation. The findings
demonstrated that performances in terms of
ductility, bending capacity, and flexural stiffness
were greatly enhanced while varying the
percentage of recycled aggregates filled in the C-
sections. Additionally, stiffening the composite
using screw connectors or steel strips enhanced its
behaviour and raised its bending capacities.
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3. Proposed Materials And Methodologies

A. Materials and mix proportions

In order to create lightweight concrete for the
purposes of this experiment, EPS and
montmorillonite were partially substituted for
traditional granite aggregates and cement. Cement,
montmorillonite, fine and coarse aggregate, EPS,
super plasticizer (SP), and water were the
ingredients in the mixture. The montmorillonite
replacement at 0, 2 and 4 % by the weight of
cement were used. EPS as replacement for coarse
aggregate at 10% was used. The 4 kinds of LWC
mixes were used to create reinforced light weight
concrete beam, they are conventional concrete
(CC) mix, 10E mix (10% EPS), 2M10E mix (2%
montmorillonite & 10% EPS) and 4M10E mix (4%
montmorillonite & 10% EPS).

Reinforced concrete beam details

Four beams in total were built and tested. The
beams were intended to be under-reinforced. Every
beam had the same dimensions: 240 x 120 x 1200
mm. Each beam was reinforced flexurally at the
bottom by two 8mm diameter bars and shearly at
the top by two 6mm diameter bars. The stirrups
were spaced 150 mm c/c.

B. Finite Element Analysis

SolidWorks software generates a solid rectangular
beam model using a parametric feature-based
methodology. The model includes dimensions, bar
diameter and length, stirrups, and holes. The model
is assembled with reinforced bars and stirrups using
SolidWorks' "mate" option. Load and support
positions are marked on the model, allowing for
simple supported ends. The model is stored in IGES
format for easy import into ANSYS. The geometric
beam model is displayed in Figures 1 & 2.

Fig.1. Dimension of beam model
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Fig. 2. Geometrical beam model designed in
SolidWorks
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Static structural

The required model in ANSYS is subjected to a range
of evaluations, encompassing structural studies
that are static, dynamic, fluid flow, and thermal.
While dynamic structural analysis looks at a model
under dynamic pressures that vary with time or
frequency, static structural analysis looks at a fixed
body under a constant load. A liquid or gas passing
through or around an object is simulated in the
study of fluid flow. Similarly, the body was
subjected to thermal examination in order to
ascertain how temperature affected the material's
characteristics. In this experiment, the RLWC beam
acted as a stationary body under static pressures.
For that reason, a static structural analysis was
performed on the developed beam model.
Engineering data

This stage involved importing the properties of the
various LWC mixtures (CC, 10E, 2M10E, and 4M10E)
into the ANSYS program. The Young modulus,
density, and ratio of Poisson's values for the various
LWC mixes are shown in Table 1. The ANSYS
program also included the data for the steel's
density, steel grade, Young’s modulus and Poisson's
ratio.

Table 1: Aspects Of Various Concrete Mixes

Mix ID Density | Elasticity | Poisson’s
(kg/m3) | modulus, | ratio

(GPa)
Concrete 41500 45000 0.15

Reinforced | 7850 200000 0.30
steel

Model

At this point, the different parts of the model have
been given the steel properties and the
experimental features of the various LWC mixes
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(10E, 2M10E, and 4M10E), such as density, Young's
modulus, and Poisson's ratio values. The links
between the different parts of a model have been
observed, and any discrepancies found will be fixed
at this phase. The geometric model is now divided
into several parts using tetrahedron meshing. The
mesh size and type needed for the built model were
fine, medium, and coarse. The RLWC beam was
represented in this work using a fine mesh type. The
tetrahedron meshing of the beam model is shown

in Fig. 3.

L YT A

Fig. 3. Tetrahedron meshing of beam model

Geometry And Loading Conditions

The overall length of a simply supported beam is
1200 mm. The size of beam is 120 x 240 mm. Beam
loaded equally from two locations at one-third of
the span points away from the support. As seen in
figure 3, mesh size was taken into consideration
with an edge length of 10 mm to ensure accuracy of
findings.

Six-millimeter bars are used to construct the
stirrups, while eight and six-millimeter deformed
bars with high vyield strength make up the
longitudinal reinforcement. Two HYSD bars, each
with an 8 mm diameter, make up the tension
reinforcement. As hang-up bars, two mild steel bars
measuring 6 mm are also included.

Setup

The required forces (loads) have been applied to
the generated model, and the required support
conditions have been established for it. In this work,
the ultimate loads derived from experimentation
were applied to the current models in order to
analyse the behaviour of the beam model. The
ANSYS-derived deflections and the experimental
deflections of the LWC mixtures were compared.
This experiment recorded the directional and total
deformations of the beam models. The failure
pattern and cracking behaviour of the
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manufactured models were also observed. The
standard, shear, maximum, minimum, and thermal
stresses were among the stress parameters that
were discovered through the modelling and
analysis of the beam element in the ANSYS
simulation.
C. Theoretical analysis
Strengthened specimens for shear

The shear capacity Vu of the shear-
strengthened material is assessed using the simple
superposition technique to determine the
effectiveness of lightweight concrete beams
reinforced with steel fiber composites.
Uy =V + Vs +Vf (1)
The longitudinal steel reinforcements' shear
resistance (Vc) and the transverse steel
reinforcements' shear capacity (Vs) may be
determined using several design equations for
reinforced concrete buildings or by analysing the
test results of control beams. For the purpose of
creating design standards, it is essential to
accurately forecast the shear contribution Vf of
steel fibre composites.
According to ECP, the steel fibre composites shear
reinforcement's nominal shear strength is provided
by
qfu = Af(Efeef /yf)(sina + cos a)(df /

d)(S+by) (2)
Eep = 0.75¢7,+ < 0.04 (4)
&, = CEep, (5)

The requirement is that the spacing Sf be less than
200 mm or d/4, whichever is less.
According to (ACI, 2017), The shear reinforcement
of steel fibre composites is provided by
v]c=Avafe(sin a+cosa) dry

. (6)

Where

Tensile stress within the reinforcement is
directly correlated with strain in steel fiber
composite shear reinforcement at nominal
strength.

Fy, = &, Ef (8)
In the steel fibre reinforcement, the effective strain
is provided by
g, = min(ky&z, 0.75¢;,,0.004) (9)
in which kv, the bond-reduction coefficient is
determined using
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, = —tale .75 (10a)
119006fu

Two modification factors (k1 and k2), which take
into consideration the concrete strength and
wrapping technique, respectively, are necessary to
calculate the bond-reduction coefficient. These
factors of modification are provided by

1 \?/s
klz(f—c) (10b)
here the compressive strength of LWC s
represented by f ' c, and

k, = dfd—‘L (10¢)
fv

where the majority of the bond stresses are
sustained over the active bond length Le, which is

determined by
e = 0w (10d)

A reinforced element's shear capacity is calculated

in fib-TG9.3 using the EC2 format as follows:

Vra = Vea + Vwa + Vpg (11)

where the steel fibre’s contribution to the shear

capacity Vfd is calculated using

Viq = 0-90¢&r.Efpsby,d(cot + cota) sina

(12a)

Efupy

2/, \%3
7(@7@) sful (12b)

The gfu was calculated using Equations (2-5) (ECP,
2005), the Vf was calculated using Equations (6—10)
(AClI, 2017), and the Vfd was calculated using
Equations 11, 12a, and 12b (FIB, 2001). Using the
design codes, every test beam specimen's failure

2/ \0-56
&re = min [0.65 (M) x 1073, 0-

loads were calculated and compared to values
found during experimentation. Analytical models
will differ from experiment as these programmes
do not have the LWC beam's calibration. All of the
analytical models, to varying degrees,
underestimate the failure load prediction when
compared to their experimental equivalents. The
impact of the steel fibre strips' width on the
analytical outcomes.
Strengthened specimens for flexure

Itis crucial to ascertain the degree of strain
in the steel fibre reinforcement at the cross
section's final moment in ECP, 2005. The strain level
created during concrete crushing, steel fiber
rupture, or steel fiber debonding from the substrate
determines the strain value allowed in steel fiber

Vol 45 No. 9
September 2024

laminates at section failure (efe). This strain's value
is determined by

Efe = Ecy (?) —&pi < kmsfu , (23)
Where

&, = CEep, (14)
Moreover, CE is 0.95.

fre = Er&re [ V¢ (15)

The failure mode regulating the cross section
reinforced with externally bonded steel fiber needs
to be considered when performing the
computation to determine the ultimate flexural
strength. To make sure the conditions for balance
and compatibility are met, such a technique
necessitates a trial-and-error approach. Through
trial and error with particular equations, the stress
and strain values of reinforcing steel are

determined.

d—
E = (gfe + Ebi) * (h_—z) (16)
fs = Es&s < fy /s (17)

In compressed concrete, the rectangular stress
block's depth is established by
— AsfstAfffe
(0.67fcu*b)/vc
The final flexural moment is determined using

M, = Asf, (d=5) + Afre (R =2) (19)
For two-point loading, the ultimate load Pu is

(18)

determined by

R=5" (20)
where X is the length in millimetres between the
loading point and the supports. Based on the strain
distribution found in ACI 440.2R-17, the strain level
in steel fibre composites, denoted as €f, may be
computed for any presumed depth to the neutral

axis ¢ by applying the following formula:

& = Ecy (?) < &y (21)
Assuming elastic nature, the stress level in steel
fiber composites can be ascertained by comparing
the strain level in the steel fiber composites.

fr = Ergf (22)

and the amount of strain in steel under stress €s
may be computed using

& = & (d_c) (23)

h—-c
Furthermore, the strain level for steel under
compression may be computed using

= (1) 2
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Under the assumption of elastic-plastic behavior,
the stress level in steel (fs) is found by contrasting
the strain level in steel.

fs = Eg& (25)
To verify internal force balance, use

_ A5f5+Afff+ASIfSI

T 085fufeb (26)

Thus, for concrete with a 35 MPa compressive
strength, B1 = 0.8. The compatibility of strain and
internal force equilibrium are established by
concurrently meeting Eqns. 21, 24, and 26, which
yields the actual neutral axis depth, c. With steel
fibre composites external reinforcement Mu, the
nominal flexural strength of the section may be
calculated using

My = 4sfs (4 =55) +warfy (h=55) +

Ak (¢ =) (27)

where U is equal to 0.85. For two-point loading, the

ultimate load Pu is determined by
2Mu

B, = x (28)

The most preferred failure mode in FIB, 2001 is
concrete smashing and steel vyielding, which
happens when the concrete is crushed after the
tensile steel reinforcement yields, failing the critical
cross section. Using RC design principles, the
reinforced cross section's design bending moment
is computed. Utilizing strain compatibility and
internal force equilibrium, the neutral axis depth x
is computed to yield the desigh moment. Since the
RC element might not be completely unloaded
when strengthening happens, the analysis should
take into account the extreme tensile fiber's
starting strain, €°. Using the following formula, one

may determine the design bending moment

capability.
1. The neutral axis depth x can be computed as
follows:
0-85Yfraby = AEsesy; = Ay f ya t AfEfu‘gfu

(29)
where Y = 0.8 and

-d
€2 = Ecy (x x 2) (30)
h—

& = €y (Tx) -&° (31)

2. Create the following bending moment capacity:
Mra = Asy fya(d — 86x) + ApErer(h — Sgy) +
ASZESSSZ (‘SGx - dz) (32)

where 0.4 is the value of 6G. For two-point loading,
the ultimate load Pu is determined by
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_ 2MRa

P, =2 (33)
Three analytical models that are produced from
design codes are compared with the experimental
results in this study. Using Equations 13 to 20 (ECP,
2005), Eqns 21 to 28 (ACI, 2017), and 29 to 33 (FIB,
2001), NWC design algorithms were used to

determine and compare the flexural moment and
failure loads of reinforced specimens to actual LWC
values. ACl, 2017 and FIB, 2001 codes are closer to
the outcomes of the experiment, whereas the ECP,
2005 predicts the failure load more accurately but
is more conservative when predicting the ultimate
load.

4. Results And Discussion
A. Flexural behavior of RLWC beams

The flexural behavior of beam models for
the conventional concrete at 50KN are depicted in
Fig.4 (a&b) and the beam's maximum deflection
and stress values is shown in table 2 and table 3.
The mid-span deflection of the CC beam was
observed to be 0.891mm, 1.782 mm, 2.673mm,
3.564mm, 4.455mm at a load of 10-, 20-, 30-, 40-,
and 50-kN, respectively.

Table 2: Cc Beams' Load-Deflection Values

Load (KN) | Max. deflection (mm)
Experimental | Analytical

10 0.927 0.891

20 1.853 1.782

30 2.780 2.673

40 3.707 3.564

50 4,710 4.455

Table 3: Cc Beams' Stress Values

Load (KN) | Maximum Stress (mm)
10 77.93

20 55.86

30 233.78

40 311.71

50 389.64
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Fig. 4 (a): Conventional concrete beam
deformation at 50 kN

Fig. 4 (b): Conventional concrete beam stress of
50 kN

Tables 4 and 5 display the 10E (10% EPS) mix

concrete beam's maximum deflection and stress

values. The beam model's deformation and stress
behavior at 50kN are shown in Figure 5(a&b). The
experimental deflection value of 10E mix is 6.1%,
6.2%, 5%, 6.8% & 4% higher than the analytical
value at 10, 20, 30, 40 & 50 kN load respectively.
The stress value increased from 76.34mm at 10kN
to 381.69mm at 50kN.
Table 4: 10e Mix Concrete Beams' Load-
Deflection Values

Load (KN) | Max. deflection (mm)
Experimental | Analytical

10 0.912 0.859

20 1.826 1.719

30 2.712 2.579

40 3.675 3.438

50 4.469 4.297

Table 5: The 10e Mix Concrete Beams' Stress
Values

Load (KN) | Maximum Stress (mm)

10 76.34
20 152.68
30 229.01
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40 305.35

50 381.69

g

Fig. 5 (a). Deformation of a concrete beam with a
10E mix at 50 kN

000 20000 400,00 (mem)
— — )
10000 0000

o

Fig. 5 (b). Stress of 10E mix concrete beam at 50
kN
The highest stress and deflection values for the
2M10E (2% MMT & 10% EPS) mix concrete beam
are presented in Tables 6 and 7. The beam model's

(1) 20000 400,00 ¢men)
— T — )
100,00 0000

deformation and stress behaviour at 50kN are
shown in figure 6 (a&b). A minor variation between
the experimental and analytical values may be seen
in table 6. The experimental and analytical values
varied by 0.06 mm at 10 kN, 0.081 mm at 20 kN,
0.09 mm at 30 kN, 0.142 mm at 40 kN, and 0.349
mm at 50 kN. The stress value is also increased from
70.78mm to 353.94 mm.

Table 6: 2m10e-Mix Concrete Beams' Load-
Deflection Values

Load Max. deflection (mm)
(KN) | Experimental | Analytical
10 0.815 0.755
20 1.592 1.511
30 2.357 2.266
40 3.163 3.021
50 4.125 3.776
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TABLE 7: The 2M10E Mix Concrete Beams' Stress
Values

Load (KN) | Maximum Stress (mm)
10 70.78

20 141.58

30 212.36

40 283.15

50 353.94

m
Time: 10

37765 Max
33569
207
wn
20901
16784
12588
o0&
041961

4

Fig. 6 (a). Concrete beam with 2M10E mix
deformation at 50 kN

0w 500 50000 (mm)

125,00 31500

Fig. 6 (b). Stress of 2M10E mix concrete beam at
50 kN

Tables 8 and 9 show the stress value and
maximum deflection value for the 4M10E (4% MMT
& 10% EPS) mix concrete beam. Figure 7 (a&b)
illustrates the deformation and stress behaviour of
the beam model at 50kN. Compare to all other
mixes 4M10E mix shows minimum deflection value
and minimum stress value in both experimental and
analytical. The ratio of experimental to analytical in
4AM10E mix beams is 1.04:0.96 at 10kN, 1.08:0.92 at
20kN, 1.06:0.94 at 30kN, 1.09:0.92 at 40kN, and
1.07:0.93 at 50kN.

Table 8: 4m10e Mix Concrete Beams' Load-
Deflection Values

Load (KN) | Max. deflection (mm)

Experimental | Analytical

10 0.702 0.675

20 1.465 1.351
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30 2.148 2.027
40 2.951 2.703
50 3.623 3.378

TABLE 9: THE 4M10E MIX CONCRETE BEAMS'
STRESS VALUES

Load Maximum Stress
(KN) (mm)

10 66.23

20 132.46

30 198.7

40 264.93

50 331.16

o

Fig. 7 (a). Deformation of concrete beam made of
4M10E mix at 50 kN

00 2000 500,00 ()
125,00 750

Unte MPa
Time: 10
33116 Max.

12500 EE

Fig. 7 (b). Stress of 4M10E mix concrete beam at
50 kN

According to the ANSYS beam model
study, the mixes of CC, 10E, 2M10E, and 4M10E
exhibited deflections of 4.455mm, 4.297mm,
3.776mm, and 3.378mm and stress of 389.64mm,
381.69mm, 353.94mm, and 331.16mm,
respectively, for ultimate loads of 10 kN, 20 kN, 30
kN, 40 kN, and 50 kN. When EPS and MMT are
added to concrete beams, the deflection and stress
rate are decreased compared to standard concrete
beams.
B. Load vs Deflection graph of beams

This section compares the findings from
the experimental and analytical research of beams.
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Based on analytical and experimental data, a load
vs. deflection graph for the beams was created and

presented in Figs. 8 through 11.

—+— Experimental —=— Analytical

Load (KN)
= N W b U0 O
O O O O o o o

0 051 15 2 25 3 35 4 455
Deflection (mm)

Fig. 8. Load vs Deflection graph of Control Beam
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- 30 A0
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Fig. 9. Load vs Deflection graph of 10E mix
composite Beam
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Fig. 10. Load vs Deflection graph of 2M10E mix
composite Beam
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Fig. 11. Load vs Deflection graph of 4M10E mix
composite Beam

Compared to the beam that has been
empirically studied, the finite element model is
stiffer due to the bond behaviour and composite
action between different material components.
Nonetheless, the composite action and binding
behaviour between the two materials are thought
to be imperfect since there is a possibility of
slippage between the concrete and steel in an
experimental beam. The application of stress and
the development of fractures can potentially affect
the bonding between concrete and steel material.
However, the examined mid-span deflection values
of LWC mixes were more in line with the findings
from the analytical results because to the enhanced
bonding capacity and interlocking of binder
matrices with aggregate and steel reinforcement in
beam specimens.

During the specimen analysis using ANSYS,
fracture patterns and the most affected region
were evaluated in order to assess the flexural
failure of the RLWC beams. The most affected area
(the orange area in Figures 5 to 7) was clearly visible
between two-point loads, according to the
examination of RLWC beam models. It is clear from
doing flexural analysis on each beam model that the
bigger fractures mostly occurred between the
affected region (i.e., between two-point stresses).
However, the flexural study of RLWC beams clearly
demonstrated that the replacement of EPS as
coarse aggregate and MMT as cement minimized
the formation of cracks and their widths.

5. CONCLUSION

The ANSYS program was utilized to conduct a
numerical analysis of the nonlinear behavior of

307



(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Journal of Harbin Engineering University
ISSN: 1006-7043

lightweight reinforced steel fiber beams under
flexure. The outcomes are contrasted with those
from the experiment. The load bearing capacity and
load deflection characteristics of the analytical
result were found to be lower than those of the
experimental result. The results thus demonstrate
that the mid-span deflection values of the LWC
mixtures under investigation were more consistent
with the conclusions of the ANSYS-based analytical
beam models. Consequently, it can be said that
there is an acceptable level of uniformity between
the study's conclusions and the finite element
analysis's findings.
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