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ABSTRACT

Beam is one of the most important structural element for a building because it can
withstanding primarily load by resisting bending. Thus, ther¢_is a need to have a proper
design so that it ha\}e enough strength to be sustain loading acting on it. Here the study
was conducted é beam with two ci.rcular'_web Qpéning at goilst'ant_'m.oment area with the

~ beam dimension 200 x 400 x 3000 mm. In order to analyse .thé_-se‘bevam, ANSYS software
was been used in these study although -thefe_ ére ‘still many 'éXiSting commercial
engineering software such as STAAleRO, LUSAS, MATLAB and étc, This is because®
- ANSYS isan engine.'ering. stimulation software which offer _sti_niulétion solution set that
a design process requires. Besidés, it ié widely used in induStry lto sfiinulate the response
of a physical system.to structural loéding. By using ANSYS software, it can help to
analyse complex structure without simplify the structure and also help to analyse the
reaction force, deformation, deflection and ax1a1 stress as well as obtain the max1mum
deflection. With this study, the ﬁndlng seem has been fulfil to the objectives where the
results of simulation of Reinforce concrete beams ‘with two web opening such as

maximum deflection, stresses and strains has been analysed with respect to six _fandoni

inmlfs such.ag fn_ro& ﬁm diamaipr linl dinmatos ativmsmo diameates e am- 1ian

. |
L |
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 CHAPTER1

INTRODUCTION

11  GENERAL

Nowadays, th_e'use of web openihg_'dn' beém structures has becorﬁe most popular
in building constructions. No matter it is use in residential building, high rise building, or
low rise offices, it could bring a lot of benefit to all of us. For the exarhple, the use of the
openings can help to accommodate the essential services such as mechanical and
electrical systems like the wiring for air-c_ondition, electricity, telephone or computer
network which are usually vlocated,aroﬁnvd _underri_eath the beam soffit that creating the
dead space of false cgilings. The reason behihdfby_*passing these ducts through openings
is to eliminating these dead spacesr in faiée »ceilir_ig of multifsfory building and it will
results in a compact 'desig'n Besides that, vthé héight of a buildiﬁg can be reduced due to
the reduction of the dead spaces thus the amount of every material item which runs from
floor to floor will be reduced and it indirectly show the significantly reducmg construction
costs. Therefore in the modemn constructlon, the provision of beam with web openings
has become an acceptable engin‘.eering' toﬂ ‘reduce the probability cutting holes in

inappropriate locations. |

However, finite element analysis hasv.widély ﬁse because it can help engineer to -
analysis for the entire structure member whether it is in a building, bridge or model of
transportation. Besides, it can help to solve the problem with certain degree of
complication because of the result is more precise and save cost and time. Generally,
finite element have two type of analysis used in industry either 2D modeling or 3D

modeling. In this study, ANSYS software is used to analyse a 3D modelling of reinforced



concrete beam with fwo we_:b opening. In this study, ANSYS softwar_é_ is used to analysé '

a 3D modelling of reinforced concrete beam with two web opening. Furthermore, ANSYS | |

is the most advanced, comprehensive and reputable finite element and design software
that based on civil or structural engineering projeéts such as to produce simulation code
for the analysis and it is a pufe_ structural simulation of making it a unique and powerful

tool for a wide range of civil engineering projects (Soﬁ'alidis, 2000).

1.2 PROBLEM STATEMENT

Most of the studies are about the effects of web opening on the precast _bearﬁs,
deep beams, and ,T-beams only and there is limited data for thé-norrnal'reinforcemeﬁt '_ vj,
rectangular concr_e'té»beam with web opening. Due to the limited depth 6f the rectangular.
reinforcement concrete beémé thus the web openiﬁg in these beams introducing 1s very -
significant. According to Saksena (2013) the design of openings should not be more than
half of the depth beam because it may effects on the behaviour of beam if the opening is
over than half of the beam depth. Due to unexpected alterations in the sectional 3
configuration or the éhanging in dimension of cross section of beam, the cofﬁer of
opening will subj écted to the high .stress and it lead to the cracking which is unaccept'able_
from aesthetic aﬁd durability. Besides,'many diagonal cracks can also be developed above -

and below openihg in reinforced concrete beam to high stress concentration at corner. : 

On the other hand, :the reducing of stiffness may cause the deflection to rise to .
excessive under service load and these will result 1n a considerable distributing of force
and internal moment (Mansur, 2006). Besides that, Mansur’s (1998) ﬁhding also .
discussed the source of weakness for the présent of opening that will effect to the failure
plane that always passes through the opening unless the opening is closes to the support
and bypass the potential inclined failure plane. Last but not least, the appropriate design |
of the web openings can also be critical to the strength and serviceability and help in
reducing shear, bending, and torsion capacities of the members otherwise provide special

reinforcement to the beam to avoid serious affected (Saksena, 2013).



1.3 RESEACHER OBJECTIVE

The research objectives of this study are:
i.  To analyse reinforced concrete ‘b.eam with two circular web opening by using
ANSYS + CIVILFEM software. - '
ii. To determine the maximum deﬂéction.of reinforcéd concrete beam with two
circular web opening by probabilistic design system (PDS)
iii. ~ To study the response and behaviour of RC beam with opening through a series
of analysis under different load, reinforcement diameter, link diameter, stirrup

diameter and link spacing.

14 SCOPE OF STUDY

The study is about the finite element analyses on beam with two circular web opening at
constant moment and below are the specimen and detail to be analyse by finite element

analysis.

*  Dimension of beam is 200 x 400 x 3000 mm

e Steel grade 500 N/mm?

e Bar using T20, T16 and R8

e Shape of web opening is circular and its diameter is 100mm -
The scope of this research is to analyse the beam with opening by using finite element
software called ANSYS. Besides, it also used to simulate the bending and shear,

behaviour, and effect of reinforcement concrete beams with two circular web opening.

LS  EXPECTED OUTCOME

The expected outcome is to achieve the objective of this research which are able
to analyse reinforced concrete beam with two circular web opening by using ANSYS +
CIVILFEM software, able to determine the maximum deflection of reinforced concrete

beam with two circular web opening by probabilistic design system (PDS) and also able



to study the response and behav1our of RC beam w1th opening through a series: of ana1y51s

under different load relnforcement dlameter hnk diameter, stirrup diameter and hnk '

spacing.

1.6  SIGNIFICANT OF STUDY

It is a need to have a knowledge about the behaviour of the beam with opening under
certain conditions. This is becéhse opening in beam will inﬂuenee the strength of a beam.
due to the improper design of an opening. Hence, the main purpose of the study is to
simulation the behaviour of the beam web opening by using finite element method,

ANSYS. This study may also bea reference for a future study or 1mprovement

1.7 SUMMARY OF CHAPTER

Beam is one of the impertant structural .element for a building because it can -
withstanding primatil_y load by-fesisting behdihg. Nowadays, the use of web opening on
beam structures has beeome most popular in building constructions because it can help
in reducing the height of the building by eliminating the death space. Thus, a proper
design for the beam with opening is very importance to have a safety building. Therefore,
an analysis had been done to determine the behavfour of the beam with opening so that it

is safe for the design by using'AN SYS software for this research.



CHAPTER2
LITERATURE REVIEW

2.1 INTRODUCTION

- . For the modern building, the design of .reinfor.c'ed_ cdricrete_ beam W_ith 2 éir_cular
web opening has been acceptable by the engineeriilg ‘and thisvtypve of sthctlife' has been
desigﬁ to encourage the desigher to reduce the height of the building. The purpose of
designing the beam with opening is because it is a facility which allow the 'utility line to
pass through the structure and at the same time the height of the building will be reducing.
For the designing RC beamv\.Vith opening, it may influence the b_ehaviéui .o.f the beam
such as the strength, stiffness, 'deforr_nation and - cracks patf[ém. This | inﬂueﬁce may
difference to the normal beam which beam without é.ny web opening. Thus, an analysis
of the beam with opening must be carried out to ldet'erni'ine the behaviour of the structure
and the result will be compare with a nonhal bearh so that it can showé which beam are
more suitable in use for a modern structure des1gn F or the analysis part, a nonhnear finite
element analys1s has been use in these study as a method’ for predicting the behav1our of =

reinforced concrete beams w1th two circular web openings.

22 ANSYS AND FINITE ELEMENT ANALYSIS

A software that analyses the structure for these research are unknown as ANSYS
and it is a finite element analysis that has been used widely for the engineer to construct
a model of structure. However, ANSYS is the most advanced, comprehensive and

reputable finite element and design software that based on civil or structural engineering



projects such as to produce sunulatlon code for the a.naly51s and itis a pure structural

simulation of making it'a unique and powerful tgﬂl for a wdg range of civilepginerrina







reduction in the serv1ceab111ty of the ‘beam (Amiri & Hosse1na11byg1e 2004). It should
also.be noted that deflections of beams containing large openings having the same area

are smaller than those of beams contalnmg a few small openings

. Moreover, they also state-that the concept of ser\}iceability is the service load
that induced to the deflection in beam’ and the maximum width of the crack must not be
exceed to the allowable limit. Other than that, the presence of diagonal reinforcement will
controls cracks and increasing the st‘i.ffness in bear'n too. In a short word, the deflection
increased is because of the varlat1on in bendlng and shear stlffness of the beam due to the -
contribution of web opening. According to- Lawson in year 2006, the influence of the
variation of bending stiffness dominates the deflection. F_or r_nore information, there are
several detailed calculation or method to predict the deﬂection' such as the virtual work
method (Ward, 1990), the stiffness method (Bemtez 1998) the typical des1gn table .
method (Fabsec, 2006) and the 51mp1e coefﬁ01ent method (Arcellarm1ttal 2008).
However, virtual work method and simple coefficient method are not usually use because

of the complexity and potentially inaccurate (Chung, 2001). Therefore, the typical design

table method and the simple coefficient method are usually uses to predlct the deflection '

(Panedpo_;aman & Thepehatri, 2013) ThlS predlct1on is dependlng on the geometmcal |

variables of beam and this methods are generally derived based on the emp1r1ca1 study of o

finite element analysis (FEA)

2.3.2 SHEAR BEHAVIOUR

Shear behaviour can be determme when the expenment has been done and it is.
going through by 1nvest1gat1ng the cracks of the beam. According to Amiri &
Hosseinalibygie experiment in year 2004, the beams w1th-opemng before the beam going
through the first crack, it will act in a linear state of the graph of load against strain. But
after the first shear crack in area of opening, the gradual curving of the load deflection
curve is induced and it show a very large strains on there. This happen because the large
strain observed is in the state of failure of the beam due to the crack induced in time.
Besides, the assumption is make for a diameter of the opening is exceeding 1/3 depth of

beam and it will induce the considerable change in ultimate strength of the beam as well






.-.:10_ _

For bending moment and shear force di_st‘ributi_bn are uniquél_y”:-deﬁn'e'd‘by’:static'
because it is a statically determinate structure. However, the distribution of internal force
and moment is in statically indeterminate structure and it depend on the stiffness of each
individual member. The opening on beam also play an important role for effecting the
stiffness of the structure and it will cause a redistribution of internal action due to the
reduction of stiffness. Thus, all of these aspect are heéd to be consider before a proper

design method for the beam opening is done.

2.5 SUMMARY OF CHAPTER

This chapter emphasizes on the analysis of reinforced concrete. beams with two
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CHAPTER 3

METHODOLOGY -

3.1 INTRODUCTION

In this chapter will discuss the mgthbd used for the analysing beam with two web
opening. ANSYS software has been used to analyse and to investigate thé beﬁaviour of
reinforcement concrete beam with web opening. Thus, a basic model in ANSYS software
is developed to determiné whether it is an acceptable for the parametric study or not.
Besides, ANSYS structural offers a comprehensive product solution for structural linear
or non-linear and dynéimics analysis. A ‘é.c.)ﬁlpl‘et'e ..set of element behaviour, material :
models and equation solvers for a wide range of engineering problems. From previous =
experimental result, the' {kériﬁéation sﬁldy ,Shoﬁld be done in order to superimpose in
current study which the paraineter will be changeable. Hence a manual calculation has
been done to compare with the AN SYS softwére to prove that the result can be applied
in ANSYS or not. ' |



32 FLOW CHART OF METHODOLOGY

OBJECTIVES:
i.  To analyse reinforced concrete beam with two circular web operiing:by using
“ANSYS + CIVILFEM software. o
i, Td_determiné the maximum deflection of reinforced concrete beam with twb _
circular web opening by probabilistic design system (PDS) ' |

iii.  To study the response and behaviour of RC beam with opening through a
series of analysis under different load, reinforcement diameter, link diameter,
stirrup diameter and link spacing ‘

\4
COLLECTING DATA

MODELLING AND ANALYSIS

Vv
RESULTS

. v PREPARING FOR
LDISCUSSION AND CONCLUSION > COMPLETE THESIS

REPORT
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3.3 DESIGN PROCESS

ANSYSisa general purpose for finite element modellihg péckage because it can
helps in numerically solving Vériety of mechanfcal ‘problems. Those problem are
including structural analysis, heat transfer, static or dynamic, fluid problems and
electromagnetic problems. Ba51ca11y thls design process can divided into three phases

which are pre-processing phase, s_o_l_u‘uon phase, and post processing phase.
3.3.1 PRE-PROCESSING PHASE

It is define geometry and boundary conditions and matérial properties in this stage which
is defining the problem and the major éte'p‘viﬁ this pha"s'ev.érev :shown' below.
‘& Define key pbints/linés/area/volurhes AR
¢ Define element type and matériéi/géometfic properties -
e Mesh lines/areas/volume as required
The amount of detail required will depend on the dimensionality of the analysis such as

1D, 2D, and axisymmetric or even 3D.
3.3.1.1 SEL.ECTION TITLE
For the title selection, 'select. ‘File’ at utility‘menu bar.a'nd'press the change title

after the file selection. After that, the t1tle can be ed1t and the step has been shown in the

figure below

IV ANSYS Multip hysics Utility Mcnu

fle Select. Ust Plot PlotCtris Worke
iieemd K11

Change Directory ...

T Tt 3

A’owngnpn )
Resume Jobname.db ... §-- - — -
Resums from ...

Save as Jobname.db
Save as ...
Wirke DB log Fis ...

i [/TITLE] Enter new titie lbeam with 2 web opening

L)  (ew=] (=]

Read Input from ...

Switch Output to 4
List * L
FleOpevaﬁqns 8 3

Figure 3.1 : title selection
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3.3.1.2 SET UP AND ACTIVATE CIVILFEM

For the activate CivilFEM, select the CivilFEM at ANSYS main menu and ok for
the CivilFEM to active_lte. Hdwévér, to setting up the CivilFEM, choose the civil Set_up |
and the code for reinforced concrete is eurocode 2 and choose the unit by using SI units.

Figure below shoWs the step of setting up and activate CivilFEM.

Do you want to activate CVIFEM?

e (=1 =7

SN b

ot o] remmgg] o 1] o

‘ ["CODESEL] SelectCodes: -

e FLCivilk EW ScTup Optians, 2
potf ol g o E pe—— 15
[ ot Tuiis (G sorfa, G0 ol . e

! Swelcods KEYSTEEL (O

KEYCONCR

KEYPREST

Seemccode  KEYSEISM

= ] ] o)

UNITS] Define Urd Systam

PPV - rovrvat 1y

Loghuip] Mo
TmeuwkMm - -
Faosuf] - -
PreShescu ] © 7

MaerurdM]  %e.va

[ T [ |

Figure 3.4 : CivilFEM setup for units
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3.3.1.3 DEFINE ELEMENT TYPES AND REAL CONSTANTS

There have more than 100 .differences element type in ANSYS. Each element
types has a unique number and prefix that identiﬁies the element catergory. For this
research, the elémcnt types that been use for link is link 8 and solid 65 for the modelling
concrete. However, it is assumed to be elastic-plastic material and identical in tension and

compression. Besides, it is three-dimensional with ‘t.hree dégree of freedom at each node.

[
ANSYS Msat Mo D
[E] Preferences had

| 8 Preprocessor [ i

1
i
]
1

Defined Element Types:
ES

B Element Type
5
K Switch Elem Type
& add DOF
& Remove DOFs

Type 2 LINKS -

B Elem Tech Control
B Real Constants
B Material Props :
A Sections -

Figure 3.7 : Element type link 8

Element real constants are properties that depending on the element type, such as
Cross-sectional properties of a beam element which mean it is describing the element

reference. To. define element real constants, first go to main menu follow with
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