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Abstract

In the event of a structure's collapse, the RC
beams that make up the majority of it are the
primary causes. A number of researchers are
looking at RC beams to determine their strengths
and weaknesses as well as ways to make them
better. VVarious beam shapes with various types of
web holes in the lateral directions are being
studied in this research to determine their strength
characteristics. This work makes use of both
theoretical analysis and experimental
examination. Rectangular forms are among the
most common types of beams used. Additionally,
circular web apertures are used. Using locally
accessible materials, this research primarily seeks
to determine the optimal strength for beam
constructions. Each RC beam in this research has
a load ranging from 10 kN to 150 kN. A concrete
mixture's beam strength is determined by
experimental testing.
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Introduction

One of the biggest issues in the building business
nowadays is the degradation of concrete structures. To
add insult to injury, modern standards for building
safety have rendered many ancient buildings in many
regions of the globe physically unsound. Strengthening
has become the accepted method of enhancing the load-
carrying capacity and prolonging the service life of
such inadequate buildings because replacing them
requires a significant investment of public funds and
effort. Research has shown that fibre reinforced
polymer (FRP) reinforcement may be used to replace
steel reinforcement in concrete constructions, thereby
avoiding the issues caused by corrosion [1]. Corrosion
of reinforced concrete (RC) constructions' steel
reinforcement impacts both the metal and the
cement.As the steel bar's cross-sectional area decreases
due to corrosion, the bar's strength decreases as
well.The expansion of the corrosion products weakens
the concrete's integrity, which in turn weakens the steel
reinforcing bars. In the last twenty years, there have
been a number of initiatives all around the globe aimed
at restoring infrastructure. Steel has long been the go-to
for reinforcing concrete structures like bridges and
buildings. Concrete girders with bending or shear

deficiencies have been effectively repaired by
externally applying bonded steel plates or stirrups
[16,9]. On the other hand, steel often needs corrosion
protection and adds dead load to the structure when
used as a reinforcing element.
Reinforcing structures using FRP is a relatively new
phenomenon in the building industry; it is most often
used in conjunction with other materials including
concrete, steel, and wood. The non-corrosiveness, high
fatigue strength, low weight-to-strength ratios, and
simplicity of application are some of the appealing
qualities of FRPs. Multiple studies have examined the
usage of fiber-reinforced plastic (FRP) sheets and
plates attached to concrete beams [14].

Mainresearchproblemsinvolvedinthiswor
k:

1. To find the effect of loading on
different shapes of beam without
and with webopening
forstrengthenofbeam.

2. To find the weak points of RC
Beams and then try to optimize

the weak points
ofBeamsusingFEMmodelingtech
niques.

A.In very less research papers,
Different type of RC beams are used
so in  currentresearch  study
threedifferent type ofbeams are used
which arerectangular , T
shapeandlshapebeams.

B. VerylessresearchareavailableinWe
bstructureinlateraldirectionismadeand

then conductresearch, o)
inpresentstudy some different
typeofweb structure

usmadeforselected RCbeams.
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GeometricalDescriptionofRCBeams

Inpresentstudytwotypeofbeamsare

selectedwhicharerectangularbeam
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andsecondisTshapebeam.Thebea
msaremadewithorwithoutcircular
webopeningsandpresentin

figureltofigure4.

figurel in this beam
circularwebopeningisnotpresent. T
hedimensionofbeamisalsopresenti

nfigurel.

Figure2RCbeamofrectangularshapewithcircularwebopening
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Thecircularwebopeninginrectangu
larbeamispresentinfigure2withpro

perdimensions.
ConcreteMixtureandtesting

In present study the beam mixture

is made to find the structural

UGCCareGrouplJournal
Vol-09Issue-01May2020
strength of beamstructurewhich
help tosimulate theFEM
analysisof beams,so concrete is

mixed
asperlS456:2000mixingrulesandth
emixingofconcreteispresentintable
1.

TablelBeammixingrulesforpresentstudy

_— . Coarsestonesan
Description RiverSand water d Cement
MixProportion(
) 1.7 0.65 35 1
ByWeight)

ExperimentforBlockStrengthTesting

The cubical block of 1feet each
length is made as per beam which
w want to simulateand then
experimentally  measure  the
compression strength of concrete
structure. Thetesting machine and
block image is present in figure3.
After test on machine
themaximumstrengthofconcreteiss

etfor35MPaofmixture.
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(a) Strengthtestingmachine

(b) CubesforStrengthtestingofconcretemixture
Figure3testingobcubeblocksandstrengthmachine

FEMmodelingsteps stepsarepresentin table2.

Stress and deformation analysis of
beams are the main work of this
study which willcomplete by
using FEM modeling software
made by Ansys. In present section
themodeling steps arediscussed
which isused for this

study.Themodeling
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Table2ModelingstepsofFEMsimulation

Descriptio
Steps Image
n
T IOr T 0] ¢
Autodesk
Inventors
I:CAD Load H " )
oad Hammer wareisus
Generat ’—| of
edfor
H 10 mm Bars
ion
L L e 1| caDfile
4 ? generation
(e sase—{ |
1000
Il:
TotalEleme
MeshG
) nt=119451
eneratio
n
I11:Mat o
. Propertiesi
erialSel )
) Concrete,StructuralSteel nfigure7
ection .
andfigure8
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Descriptio
Steps Image
n
IV: Cylindrical
Bounda supportpre
ryCondi sentBearin
tions geffect
V:
) LargeDefor
Analysi ) o
. APDL rulesforstructuralmodeling mationisO
sSettin
N
g
=l|Solution Information
Solution Cukpuk Solver Qutput
Mewton-FLaphson Residuals 0
Update Interval 25s
Display Points all
VI [=l| FE Connection ¥isibility APDL
Activate Wisibility es
Solver Display All FE Connectors Solver
Draw Connections Attached To | All Modes
Line Color Connection Type
Wisible on Resulks Mo
Line Thickness Single
Display Twpe Lines
VII:
PostPro Deformatio
cessing n,Stress
-35.883
-47.834
59,705
-TLTIT
-83.688 Min
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InAnsysFEMsoftwaremeshwillbecheckedbyusingmeshmetriccommandandtheelementquali

tyofmeshispresentinfigure4forrectangularblock.
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MaterialProperties

In FEM simulation proper
material properties required for
better analysis, SO in
thissectionthematerialspropertiesf
orconcreteandstructuralsteelispres
entinfigure5and figure 6. The
materials properties are selected
from literature available in

digitalmediaand researchpapers.
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Property Value Unit
@ Density 2300 kgm*-3
iE [sotropic Secant Coeffident of Thermal Expansion
E Isotropic Elas ticity
Derive from Young's Modu... j
Young's Modulus JE+0 Fa
Poisson's Ratio 0.18
Bulk Modulus 1.5625E+10 Fa
Shear Modulus 1.2712E+10 Pa
E Tensile Yield Strength 0 Pa
E Compressive Yield Strength ] MPa
@ Tensie Ultimate Strength 5 MPa
E Compressive Litimate Strength 41 MPa

Figurebmaterialpropertiesofconcreteused
forFEMsimulation

ResultandDiscussion

In order to determine the impact of stress
and deformation on concrete and steel bar
blocks, this  research  statistically
investigates rectangular beams with and
without circular web holes. For
deformation, the investigation is mostly
conducted.

as well as the standard examination of a
rectangular beam with or without a

UGCCareGrouplJournal
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Property Value Unit
aterial Field Variables =& Table
@ Density 7350 kam”-3
% Isotropic Secant Coefficent of Thermal Expansion
El Isotropic Elastidty
Derive from Young's Modu... j
Young's Modulus 2E+1d Fa
Poisson's Ratio 0.3
Bulk Modulus 1.6667E+11 Pa
Shear Modulus 7.6923E+10 Pa
El Alternating Stress Mean Stress 3 Tabular
8 strain-ife Parameters
T Tensile vield Strength 2,5E+08 Pa
El Compressive Yield Strength 2.5E+03 Pa
T Tensile Ultmate Strength 4.6E+08 Pa
El Compressive Ultimate Strength 0 Fa

Figureématerialpropertiesofstruct
uralsteelusedforFEMsimulation

hollow web. The analysis of these results
is presented and discussed in depth in the
next section.

Table 3 contains the full data, and Figure
7 shows the graphical depiction of normal
stress in force direction. The primary
finding of this research is shown in figure
7, which shows that the beam is affected
by normal stress in both positive and
negative directions.
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Figure7StressandLoadforRectangularBeamwithoutCircularweb

Thestressinnegativedirectionismuchhigherthanstressinpositivedirectionwhich
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indicatethatthebeamis mainlyfacingthecompressionstressinits structure.
Althoughthefigure7isnottheonlyfigurewhichtellsthefailureofbeamsomoredetailedanalysisisalso

requiredforfindingthefailureofbeam.

Defarmation (nm)
=]
-

10 30 50 70 o0 o 130 150
Load (KN}
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Figure8DeformationandLoadforRectangularBeamwithoutCircularweb

Thedeformationofbeamforwithoutcircularwebopeningispresentinfigure8andthedetailedre

sultsarepresentintable4forbothtypeofdesignsofbeam. Theprofileislinear

forthisbeamgeometry.

Table3NormalStresscomparisonamongwithandwithoutcircularring

Load Rect-NS(-) Rect-NS(+) Rect-O-NS(-) Rect-O-NS(+)

kN MPa MPa MPa MPa
10 -5.58 1.59 -5.58 1.58

30 -16.74 4.77 -16.75 4.73

50 -27.90 7.96 -27.92 7.88

70 -39.05 11.14 -39.09 11.03
90 -50.21 14.32 -50.25 14.19
110 -61.37 17.51 -61.42 17.34
130 -72.53 20.69 -72.59 20.49
150 -83.69 23.87 -83.75 23.64

Table4DeformationanalysisforRectangularbeamwithandwithoutcircularwebopening

Load Deformation-Rect Deformation-Rect-O
kN mm mm
10 0.075 0.076
30 0.226 0.228
50 0.376 0.380
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70 0.526 0.533
90 0.677 0.685
110 0.827 0.837
130 0.977 0.989
150 1.128 1.141

In table 3 and table 4 the normal investigation ~ part  ofdifferent

stress and  deformation  of loading. And the results are

rectangular beam is presentfor 10 present in table 5 for normal stress

kN loading to 150 kN loading on in loadingdirection (y-direction).

imapctor of load.The best part of As seen in table there is huge

FEMsimulation is visual analysis change in stress profile by

of beam which actual give proper usingcircularwebopening.

Table 5Normal Stress analysis for Rectangular beam with and without circular

webopening

Load=10kNBeam=RectangularwithoutWebOpening

-0.0019041
-0.79%866
-1.5954
-2.3522
-3.1884
-3.0857
-4.7824
-5.5792 Min

Load=10kNBeam=RectangularwithWebOpening

-0.014826
-0.81037
-1.6059
-2.4015
-3.197
-3.9925
-4.7881
-3.5836 Min
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Load=150kNBeam=RectangularwithoutWebOpening

-0.028562
-11.98
-23.931
-35.883
-47.834
-59,785
-TLT37
-83.688 Min

Load=150kNBeam=RectangularwithWebOpening

-0.22238
-12.1546
-24,089
-36.022
47,933
-59.8848
-TLE21
-83.755 Min

Conclusion

In this study rectangular beam
which has circular web opening is
investigated usingFEMsimulation
softwaremadeby

Ansys.Theloading isset from10
kNto 150
kNforthisbeamstructure.Themainc

onclusionformstudyarefollowing:

A. Normal stress and deformation
analysis for 10 kKN to 150 kN is
performed and theprofile for both
type of parameters are linear till
this loading system. The reason is
thematerials

propertiesselectionwhichcanbethe
mainreason

behindthisprofileofstressanddefor

mation.

B. Byvisualanalysisofstressitiscle
arthatbyprovidingthecircularwebo
peningcan distribute the stress
when compare with simple
rectangular ~ beam,so  proper
webopeningscanincreasethestressr

elievingcapacityofbeam.

20



InternationallournalofGender,ScienceandTechnology

ISSN:2040-0748

References

Abed F et al., FE modeling of concrete
beams and columns reinforced with
FRPcomposites,DefenceUsing Ansys's
finite element modelling (FEM) software,
this research examines a rectangular
beam with a circular web opening. This
beam construction has a loading range of
10 kKN to 150 kN. Here are the key
findings from the study:
A. Up to this loading system, the profiles
for both types of parameters are linear,
and a study of normal stress and
deformation is carried out from 10 kN to
150 kN. This stress-deformation profile
may have its roots in the materials'
chosen characteristics.
B. A visual examination of stress clearly
shows that, in comparison to a plain
rectangular beam, a circular web opening
may better disperse the stress, therefore,
the correct web openings can enhance the
beam’s ability to relieve stress.

[1] ,https://doi.org/10.1016/j.dt.2020.
02.015

[2] Kowalski R., Urbanski M. On the
Redistribution of bending moments in
two-
spanRCbeamsandslabsexposedtofire.J
CivEngArchit2013;7(2):158—
73.DavidPublishingCompany(ISSN1
934-7359;print,1934-
73670nline).DOI:10.17265/1934-
7359/2013.02.006.

[3] Mindeguja C, Hager I, Pimienta
P, Carre H, La Borderie C.
Parametrical
studyoftransientthermalstrainofordina
ryandhighperformanceconcrete.Cem
ConcrRes2013;48:40—
52.https://doi.org/10.1016/j.cemconre

UGCCareGrouplJournal
Vol-09Issue-01May2020
$.2013.02.004.

[4] AnderbergY.Fire-
exposedhyperstaticconcretestructures
anexperimentalandtheoreticalstudy.B
ulletinofDivisionofStructuralMechani
csandConcreteConstruction,Bulletins
5,Lund(Sweden);1976.

[5] Anderberg Y, Thelandersson S.
Stress and deformation characteristics
of
concreteathightemperatures.2.Experi
mentalinvestigationandmaterialbehav
iourmodel.BulletinofDivisionofStruct
uralMechanicsandConcreteConstructi
on,Bulletin 54,Lund(Sweden);1976.

[6] GernayT,FranssenJM.Aformulati
onoftheEurocode2concretemodelatele
vatedtemperaturethatincludesanexplic
ittermfortransientcreep.FireSafj2012;
51:1-
9.https://doi.org/10.1016/j.firesaf.201
2.02.001.

[7] ChudzikP,KowalskiR,Abramowi
czM.StrainsofconcreteinRCstructures

subjectedto f
Fire. ProcediaEng

2017;193:377—-
84.https://doi.org/10.1016/j.proeng.20
17.06.227.

21



