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Abstract

This study presents numerical investigation into the behaviour obncretefilled
aluminium columns with differentcrosssections The parametric investigations used 34
specimens divided into four groups that present the influence of different parameters on the
behaviour of aoncretefilled with short aluminium columns, whidmavedifferent crosssection
shapes, different aluminium proof stress, different concrete cylinder strength, and different wall

thicknesgsof aluminium tube.

The first group analyses the cresection behaviour, which is presented by six different
crosssections with equivalent section area, length and volume of the circular referencescolumn
This group indicates that circular cressctions always outperformed the remaining geometric
shapes. The columns having rectangular esessions exhibited the lowest efficienafyall cross
sectionshapd columns, displaying reductiomsultimate loadanged fromlL2%to 14%compared
with their circular reference equilemts. The shapes rangeih strength from the weakest to the
strongest in the following sequenfrectangular, hexagonal, octagonal, elliptical, round ended,

circulan.

The second group investigated the effects of different aluminium proof stresses, which are
267 and 183 Pa. This group uses circular and rectangular sections. To understand the impact of
proof stress of aluminium on the behaviour of these sections. The columns with circular cross
section columns having aluminium proof stress equal to 267 MPa displayedeaser ultimate
loadranged froml4%to 20% when compared to columns that had aluminium proof stress equal

to 185 MPa. The columns with rectangulassgsection columns having aluminium proof stress



equal to 267 MPa displayed an increase in ultimatermagied froml2%to 18% when compared

to columns that had aluminium proof stress equal to 185 MPa

The third group investigated the effects of different strengths of the cylindrical concrete,
which are 44 and 7MPa. This group uses circular and rectangular sections. To understand the
impact of proof stress of aluminium on the behaviour of these sections. The columns with circular
crosssection columns having a concrete compressive strength equal to 70MPa displayed an
increase in ultimate loadnged from25%to 33% when compared to columns that had concrete
compressive strength equal to MPa. The colmns with rectangular crosection columns
having concrete compressive strength equal to 70MPa displayed an increase in ultimate load
ranged fron26%to 36%, respectively, when compared to columns that had concrete compressive

strength equal to 40MPa.

The fourth group analyses the effect of different aluminium wall thicknesses, which are
(1.9, 3, and 5 mm). This group uses circular and rectangular sections. To understand the impact of
proof stress of aluminium on the behaviour of these sections. Foomgact section columns
that had an aluminium wall thickness of 3 mm, the ultimate load increased about 22% for circular
sections and 19% for rectangular sections, compared with slendeseoties columns having a
wall thickness of 1.9 mm. Also, compaabsssection columns having a 5 mm wall thickness
exhibited improvements of 58% and 56% for circular and rectangular sections, respectively,

compared to the same slender section.
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Chapter One Introduction

Chapter One: Introduction

1.1General

Columns are structur al components which suppo
typically support bending moments andcresmpres
sectCwowlnsimave attheagthtl ateral di mgrndgi on ratio o
I n a composite column, the action occurs when
structurally so that they can work together |
composite part is harderuadm®d stronger than th
RecentVgrious composite materi al syst ems h a\
manufacturing of concrete columns to 1 mprove
ductility, with many of these compostig.e Mwdh mr
experiment al and analytical i nvestigation has
composite columns since 1960. The negative as
over time in construenitory esskewnitliadailng®. flindi |
whi ch means replacements f @rceossttd e/l ,anduodh fds cu
column demands. Therefore, all oys made of al
applications in industry, can be mixed with p.
al I[ @y

The preliminary usage of aluminium alloys in
to multiple uses in structures. The growing p
related to their greatemce ttree ncgarhr,o dioowm ,desnismp
mai ntenance needs, high recycling ability, an
than aluminium alloy by approximately three t
Al umi ni ubme @ad W g sqgf their excellent corrosion |
or coating to avoid rust and dberostcygn|ihbgepe
aluminium alloys requires only 5% energy of t
environment al and economic benefits. Mor eover
virgin metal. Fumappemamanee e ade@snti metwimc al | oy
architectur al andespiutet ahalseapplof oanhidoms.vabt
el asticity, wel ding complexity and | ow mel tin
of aluminium all oy structures. The structur al
can be bwywpfolvedng concef[ed]e in the holl ow spac
The st iaflfunneisnsat oafd d towyr al members is relatively

structur al meYmhuengs dsadufe sa lou nhiormi u mAlad d ,oyd uma ttea i le
ulti mate strength and higher yield stress for
the capacity for bearing | oad of aluminium co

1
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col umnacaumsdmegt e core i s a common technique for
capacity for bearing | oad. The col ummakeompo:
exceusenof the high stiffness and strength su
Youpéplresented t hesefirlelsaud ta&l dmirnicuomm crreecdteang ul
section short col[weppxami Zddut meadsiouhgcol umns
sections-fofl | eadnaar atmé ni um

1.2 Aluminium

The chemical symbol (Al') refers to the metall
and silica compounds in the crust of the Eart
contributes eighty per cesntt hoef niohset {pdfitleavlia | neansts
Pure aluminium is inappropriate for building
make aluminium efficient as a structural metal
met al , the production of pl bpesbcddie@yed owad,
exhi bivtairnngpnusanced mechanical and physical c h:
influenced by the exact purpose. The cwrrent
and Si, exhibit the mbat @ommeni ted omeailldyna
of I t s, cotnrf d ugetnit e, corrosion resistance, and
aluminium was suitab]l 2] for building applicat:i
Al umi ni um, relatively, is a very recenas mater
aluminium alloys started to be used in strucHt
family of materials and its brief historical
century that aluminiume[a&rifd its alloys became

80

7 g 653 671 °2°

63.4 642 63.7

| s5.5 599
5 546
492
50 1 463
] 38.1 %00 375

40

299
30 '262 l

20 4

Production (million metric tons)

a
N4
>

Figurel.1 Aluminium Alloys Produced Globally From 20Q2@ 2022[9].
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During the | ast years (from 2002 to 2022), th
in fixed steps,las. il hu2022ted@dround&i@gd8re mill.i
all oys were produced globally, which is great
considered the | argest aluminium all oy manuf

appirmxtely 60% of gl obal] production in that vye

1.2.1Advantagesand Disadvantages

The

1
2

4
5
6

The
1

advantages [of@fd umi nium all oys

.Llowdensity, about a third of that of steel
.Durabilitsyramdgtihi glharacteristics, also at
3.

El ements formed by them are simply extruda
section.

.Good workability.
.High corrosion resikbapwaeace due to a tough o
Al umi nium all oys can be totally recycled v
or chemical characteristics.

all oys of aluminium present sever al i mper
The main issue is the elevated cost of al/l
The cost gap across alloys of aluminium an

absence of the requirement for regulianr p a
decreased mai ptldhance expenses

.The additional problem is that aluminium e
could be enhancedpasdihveheest st asati wnt bft
materials @§d.1fiescribed in

.The foll owing issue is that the alloys mad

compared to stepl.l]] nearly three times

.Connections with different met al s may caus

procedures are not applied. This could be
al I [oW]s
.Corrosion of aluminium in concrete stems f

the highly alkaling3pdrefrsomutement( phy dr2at
protectivdg l1@axAdkadaiyer coating, such as bi
i sol at es aluminium from the al kal i ne el e
evolwution
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1.2.2The Main Characteristics of Aluminium Alloys Different from Those of

Steel[13]
1.A Ilarge range of strength can be offered wi
Therefore, it appears that aluminium all oy

the concept of a fourth di mensitiddn U)harbudt &«
the other hand, for structural "@95p2p0 iMRa)i.on
A c-wbdking procedure could be applied to |
increase by thi'=p00cbdPaprewhodegrneatse( i n
happen (-upnth ®omhethe initial val ue) . A
material's strength is to combine al uminiu
According to this method, bavengtual Ochidght | e
High strength may be attained with the uti
appro®@che2ss50 MPa for Al Si Mg alloys and may
(R = 3600 MPa) forofal Alby¥s @mmhdEeRo@WwearMgSi all oy
and Feg3i6sOh oswneeilnst hai sFggadbk Tihe all oys of &
exhi bi t-har detnri anign area without a horizont a

obvi ougnoyelhaamsgati on than aluminium all oy,
(R®d. 2) ratio is smaller compared to steel
l inear elastic performance up until the el

operation of the constructionel @aBeycabehdwv"

J (MPa) i
Ji (360)
400 S -
=" [ (320)
J02280 4 L~ T

-

LT or (240)

200 -

Steel
fr (360)

Aluminum
(AINIgSi)

20 %

™M

Figurel.2 ComparatiorBetween AMgS Aluminium Alloy and Fe360
SteelBehaviourin StressStrain Graph13].
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Al uminium is more | ightweight than steel,

meaning it's a third of that of steel

Al uminium alloys have three times | ess Yol
def ormati on and i nstability probl ems appe
structures, buckling is more probable to h
all oys undehawloang r ¥osusngog'ns, modul us val ue.

Al uminium has a ther mal expansion coeffici
means that the structure is more sensitiyv
def ormati on when it i's not constr a&irmad. Wh
deformati on, residual stress wil/ be about
since they are proEdrtiUohaket stebk, pabdmtt
fragile fractur et hyuasl U miwn ituermpiesf oW e r ggrsysougi etna
applications. As the temperature goes down
steadily i mprove.

.By usisnhg egladsed processes, arc welding can b
as readily as steel. The speed of the weld
t he -anfefaetct ed zone (HAZ), softening ayts wel ds
tend to experience a serious | ocal drop ir
technique to create a structural joint in
Al umi niunirpeecttuoed by the extrusioni prmeceb
more flexible compared to the rolling proc
.Componendlsunirtn@gmudn t o f ai | by fatigue compa
steel

Al umi nium | g emsdatsuraanitl yanrdudtrequentl y does n
its strongest all oys may experience cCcoOrr os
taking preventative measures is essential

1.2.3Aluminium Application

The

foll owing part defines the different uses

construct[ilmln] i ndustry

1

2
3
4
5
6
7
8

Al uminium all oy 1 ightweight decks for bri
rebuilding of damaged bridge decks.
.storage facilities, interim structures, an
.anchor i lngmicmretsesd ti mber shear wall s
.roofing panels, building roofing, and the
.bridges

.Strengthening of reinforced concrete beams
.Silos, domes, and tanks in wastewater trea
.t ower s.
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9.0f f shore buildings and helidecks

The extrude property for alloys from aluminiu
applicatiyohms caapnatbetlhiete y t o producseecomphak ahd
therefore, for constructions that could not b
were an appropr i[alt4el ama sFhiogvidl ei no uti | i se

"% .7
; \‘iﬁ.“

L RN
. . Sl ¥ &Y

.’*

S
.y
o eSS

. . ( bQor r uglau midnli luory
(aAl umi ali uony support (2010)

(dAl umi nlweunt russ pe
(2021)
Figurel.3 Typical Aluminium Alloy Structureg14].

(cAl umi ali uony curt ai

1.3 Column

According to] BAX]la GCoodeunmnl 8 s any metmbeastwiltat er
di mension equal to or exceeding three and use
support total wvertical | oads from the beams,

axi al compressive |l oads are supported by <colu
stresses that may be produced, columns are col
the compression forces or stress control thei
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hort column’ l Slender column

Figurel1.4 Classification of ColumnfL].

Depending upon several conditions, there are
shape, type of reinforaamdernst eandert cwe uann sl cad
of the a[blolve types

1.3.1 Section Shape of Column

I n most buildings, square or rectangul ar col ur
of the flexibility of shuttering and re-snforc
effective and easy to construct.

For aesthetic rseeacstoinosn tculrecsularre caooommonl y empl
el evations. According to their elevated defl e
bridge pillars.

It is common for two wall s tocbes < rolsspas dtora
or at the building's corners. Specially shap:¢
all owing for mor ¢ 1lL.ees@wb¢de ifoltayart i spacepacity,
di ssipating energy capacity of the specially

7
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Structural safety and an affordable construct
accomplish this, a specially shaped col umn op:
overall stf L&) gleskh odwess itghne s peci.ally shaped co
A,
Column Column Column -
O = > Pt < T —
h - T, P e M - ~"’ ,-,.d" —
Infilled | Infilled _ "] Infilled
—— —— —~a—
A wall A, wall — wall

Figurel.5L- Shape, T- Shapd, and CrossShape Columns[18].

I n addition to the previous shapes of col umns
Y-s hapel umns.

1.3.2 Failure Mode of Columns

Columns may f ail i n onglO1fad hsthidguudr leiorwi ng me c h
1.Crushing: This is the most common failure
is |l oaded with a compresarvegi hgrcapabiaty.e)>
buckl e or crush.

2.Buckling: Buckling happens when @anc oa xuinanl, ¢
causing it to bend or deform |l aterally. Th
3.Combination of buckling and crushing: Col v
di fferent |l oading conditions, such as axi
simultaneousl! vy, |l eading to complex failure
4 . Shear Failure: Shear failure can occur in
forces that exceed their shear capacity, (o
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buckling .
i compression
failure failure shear failure
2 -"4",7{ [“:_.‘44.-
] ;
) .

Figurel.6 Mode Failure ofColumns[19].

1.4 Aluminium -Concrete Composite Structures

I n the pasteiafeecedrpbl pmer tubes have been

as a confinement material. But there are a nl
mat erials. This includes dthtei ffgasc,t itrhcaltu dsitnege | s
well as the high -rpagiircfeorf oad ppoldwmemyg (FfRBR)e. Al
used in construction and ae$2B¢tics for a wid

The aluminium tubes could be f iclolneed ewiet hc oen@ o

col umns . Tchoen cfrieltlei nngnsofde al umi nium tubes has
| oad capaailteynnpsl'usabil ity to resist fire. Usin
structures and economies far more efficient.
acquire more useful area, which is ad, i mpket a

par ki ngahdcoff xelssXJompl e

These are two additional benefits of employin
i .a.uminium tubes become per manent moul ds t h
Furthecomposjte columns consisting of concret ¢
ductility when compared to an aluminium tube
material, in additi o[nl.k]d otrh e oanfpfoesd tt eo fc od awmtnisn
the transfer of str-absmihrippr@ns omt actth.a nTdghoenrcer, ¢
concrete awoer keismsge nttagadtlhyer t o give thg2a!l umn

Al umi nium tubes can possess <circular, squar e,
i n Rihgel7 e
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Aluminium Aluminium
alloy tube alloy tube
Aluminium
alloy tube
Concrete Concrete Concrete

Figurel.7 Square, Rectangular and Circu@olumn[11]

Circulasameccross provide superior confinement
demonstrate reduced effectiveness. Square or r
because stress can build uptherthandof &a&é¢ smo C

The effect of cqonlflilnement depends on

1 generalised outer diametirthickness ratio (as the ratio increases, the confining effect is
less effective)

T Concrete strength (as concrete strlesangth i
effective.

T the -seotsison type (the confi ni nsgecetfifoenc tt hiasn
rectangsleati omgss

General ly, many design and construction adval
concret g:i2such as

l1.Composite columnbkBeafifeg @eapaghey tbad stan
columns of identical si ze. Consequentl vy, t
within buildings.

2. The tube serves as a permanent moul d for t

process. This | eads to significant reduct.
3.The external tube protects the <concrete
environment, such as carbonation and chl or
4 A wdibtributed reinforcement is provided b
secondary bending moments due to its most

5. The concrete prevents the tube from | ocal

6. The confinement provided by the tube induc
and ductility.

10
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1.5 Nonlinearity

Il n many nonlinear issues, multthheecbaocaocsesfobt

simul ati obosu:n dnaatyer iaanld, geAmeéexpkanNnlé@di bebowty

1. The materi al nonlinearity can be apparent
i nstance, at small strain values, the stre
because of yielding material, reheéerebatrion

this stage, the response turns permanent .

0]
Linear
Non-linear
E
€

Figurel.8 Material nonlinearityf1].

2.Boundary nonlinearity happens i fptbeebouad:
Analyse the canti |[Fevgel9aebe amcibk kaursdT heee rdtde adnar
motion displays a |inear relationship with

contact with the stopping point.

11
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N

NN

Figurel1.9 CantileverBeam Hitting a Stp[23].

3.Geometric nonlinearity is the final reason
geometry of the numeri cal mod el which pro
throughout the investigation. Tdrat r cwtaat ihoary
snamrough phenomena, and early stresses or
ABAQUS has two strategies of s o;ltuntei ofni rtsot torne
(Standard Analysis), and the other is (Explic

1.6 Aims of Research

The primary objective of this research wil/l b
ul ti mat e-dli sgd ,acethreehd s tciudrivdey mo chel:exf, f ai |l ur e
1.Study numerically the stfutctedabl omhavumurt

havi ng cv assescotuiso n s

2.Study the effect of different aluminium pr
filled aluminium col umns.

3.Study the effect of di fferent concrete co
concirieltleed al umi ni um col umns.

4 .Study the effect of di fferent aluminium t
concfrieltleed al umi nium col umns.

1.7 Thesis Layouts

The present thesis content is divided into fi

l1.Chapter one (Tlhntsr cdhuwupttiean)pir esents an overy
al umi-maruar et e composite structures and nonl

12
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2.Chapter Two (Litprasaemtee dRea i ¢ wter atur e re

theoretical studies of confined col umns.

3.Chapter three (FiniPre<£fdrtment heMomail hi hg¢us
which was finite el ement modelling, and th
properties, boundary conditions and meshin
4 . Chapter four ( Numer i caTlhiAsnadlyasptseranidl | Riesstur
el ement analyses and their discussions. I n
i nvestigate the | mpaoth dfhevartiraucsg up at a npeetr

col umns

5.Chapter five (Conclusi ohsclandle sRetclbpemmeodal
recommendati ons.

13
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Chapter Two: Literature Review

2.1 Introduction

Columns are actually the most essenti al part
into the foundations. Therefore, any weakness
failure at that point aanmnmdamdy recdwaseda scomElt alt
structur e.

This chapter presents a historical background
col umns, relatively related to the considere
concfrieltleed al uminium tube colmmosmm&€oimpodepko
the construction industry for a | ong time. Th

mostly due to the notable advantages they p
techniques.

I n recent decades, there has been a growing t
steel tubes, aluminium and FRP, for confining¢
research has been conduct ewh,ens pRancrhidndgh i fert cana éals
experiment al and theoretical studi es, to rec

parameters and confining methods and have gen
properties of col umns

2.2 Researchon Aluminium Members.

Zhand Yoonn3j@®Gpncerned experimental study on c|
tubes with and without t,asn swerwvsgeRlveeT ii ngp apge
studies 29 specimens divided into fosectesh g
shapes tested against pure axi al -TlI6o ad;dl 560 6&8d d
all oys of alumini um evecrier cewlta ru dheadl It cow fsaebatiicoan e
demand is betwelem. 3M&@8mmr aad $HEfl e@ctheyd eind dihegn ,h
and gl obal buckling are the failure mechanism

The study represents a comparison between t he
program and the designed valwue by the Ameri
specifications for aluminium stroecohseesvatilThe
nowel ded col umns, but for welded columnAs are
wel ded tubes. The design strengths expected
compared to those expecteadwbedahandmeracadar dad

14
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circular holl ow section columns having transyv
strength of welidé®# otibebeattl tiwrealtdee5dd ttruebnegst.h o

Al Vo Z L L 7

| = ™~ /" = =
[ - ]_, Rigid bearing l o |_,l
f plates \

Bolt

End plates Welded material
e T | Az
Non-welded ~ Column specimens — Non-welded
material ‘,/ material
\ Special bearing Transverse welds

Horizontal bolt %‘/
— — Vertical bolt — —

7 7 T £ 7 T o 7 E

Figure2.1 lllustration Drawings of The Column Test Settifiep].

Zhoand Yommung)®®r esented experimentally the pe

columns filled with concrete. This investigat
various parametesectwbncbkhape bDhecoftames, con
andl uminium thickness, on the structural per
columns confined with aRiugkiZne Tuhme talblesy, afs ali wn
T6 kHeaesetated was extruded to f abrghcaavtien gt hdei ftf el
compressive strengths (40, 70, and 100 MPa) ¢
sections have a ratio of depth to wall t hick
buckling of col umns, t hteh acto Ituhnen choel iugrnt hweai sg hste |
atcanstant value of 3. The test wultimate | oad
strength determined by Australian/ New Zeal and

nd alumcbhuwvesstiThe compari son shows that t h
di sagree with the results of the design stand
due to the splitting of the al umi miudm ,t ubhee clu

Q

of aluminium are not completely wutilised. The
t hat of holl ow sections. On the other hand,
i mpr ovhed holl.ow sections

15
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/Aluminum tube

Concrete

o Y B0

Figure2.2 Detailsof Rectangular and Square Sections of Composite

Columnsgl[5].
Zhoaund Yamurd @iPr esent ed an expersientetnitoanl tsutbued yf iol
aconcrete cor e Wn@CHS) axnda It eesothngpd essi on | oad. Tl
investigating the structur al behaviour of cor
di fferent geometr TG dilheorys ioofn sal uTnhieni6uOnd lwas e
ciraculhol |l ow section tube and filling concret e
100 MPa). The ratio of diameter to aluminium I
avoid the global buckling of ocolhuanin st,h et hceo | cuomn
depth ratcdan ssttaanyts val ue of 3. The study focus:e
di spl acement relation, |l oad axial strain, and
obviously shown in the column havMBg sc agrhomweat e
i i g3 e The test ultimate | oad of col umns was
determined by Australian/ New Zealand standard

al umi ni um Tster urcd uu letss shown t hat t hZee aAmerdi c a
specifications are gener al I-fyi Icloends earlvuaniiinvieu na nsdt

Fr ofm gad4,e it was observed that samples filled
compared with hollow aluminium tubes, and inc
a decrease.in the ductility

16
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Figure2.3 FailureMode of Column Specimdg].

2500
—— CHS7CO0
| = ==+ CHS7C40
2000 r —-—-- CHS7C70
= CHS7C100
1500 f e
Z - e
< 4 h
g f- “.‘\_
) n PR B N L
S0t [ REREN
". —'J -‘
'fr p’
1’
500 - £.
0 1 1 1 1 1 1
0 2 4 6 8 10 12 14

A (mm)

Figure2.4 Load Axial Displacement Relation Curvis.

Zhoand YourRd 2Bhtroduce numer isceaclt | ®inie ldwu biden ci r
concrete core (CHS). The model devel oped by t
with experimental data. The par amestercitci oinn vsehsatp

17
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aluminium proof stress, and concrete compress
The study includes two aluminium alloys, whic
model the tubes. The finitehelvamemwmtusmaodenprEeses

(40, 70, 100 MPa). The ratio of diameter to al
The comparison between htehpemiumemnt &lal has riengt m
10%. The test wmhsi waseclompareid ¢ol at he design

by Australian/ New Zealand standards and Amer.
str ucTthuer ersesul ts shown that the American and
generally conservat ifvd |aendd arl eulmi enb luem fsdaru bc acrmod ru
Nassear 3@ esented both experimental and theor

of aluminium concrete composite columns with
parameters that were studi-etlhi okhkss papep ane
ratio on the | oad strength of 24 specimen col
di fferent ratio of dimignetmerl 1lt ®|,svalhblZ2toliocfk nceosl s
height to diameter f-a@Gga&lsl 6y oomf 3alt omile®i umhwa § (
the circular hollow section tube and filling
study aims to investigate the strength, | oad
The eexegd strength of composite columns. was t

350
300 —
~ 250
Z
<= 200
E L/D=3)
= 150 L/D=4
Z L/D=6
100 L/D=8
50 L/D=10
| Empty /
0 L

0 1 2 3 4 5 6 7 8

Axial shortening (mm)

Figure2.5 LoadVersus Axial Displacement Relation of Specim§ti.

18
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The average val utee wge dthed explewue mearttiad of t he wu

|l eads to considering empirical equations very
of aluminium concrete composite columns. The

vhue for composite columns when compared with
versus axial displRicegzbeen€Colremmasd i wint tua velsemaer
3 indicate that the composite column's streng
ondefifmeodn 1. 405 to 1.751. On t®Becorhesplhaddng
t bhad umi nibsmrtrels@ondi ng strain ratio is greate

Nassaear ZMR2184nt roduced experimentadnlhedcacompet at

filling aluminium tubes having circul ar secti
The study was introduced to understand the ir
di amtet er c kngasnsd rsateinobder ness rati o, on the | oac
This research is wusing specimens havingga dif
from 23;a3l,sttwead4 7 08 of c oil ament dhrei goange oo fdFOE M 3 t
all oy of aluminium was extrudedubef ialdldmwi ¢ &t e

concrete having diffedtdRa) podnpe Rislsiiived a& zemmglt d
inference system to predict the ultimate stre
the computational investigation. W th an aver.
predicted ratio of e¥X.ihfgk,z hveh ind e rlensces wtye ft teom e
for predicting tahael uunitniinuam et ashben eanogrtfédi midmrge . As
L/ d= 3, the wultimate strength capacity of the
sections ranged .Thriosm eln.h5a9n6c etme n® . He4 ause of 1

Encasing the concrete with aluminium tubes | e
sl ender columns. Shear mode o8&l dnmagdiuame twars roat:
range from 3 to 4. The global buckling failure

al entg#l hameter ratio rangikigg2freom 6 to 10, as s

Figure2.6 Failure Modes of Specimefia8].
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Resian ZZXR19r esented an experiment al and theore
filling in aluminium tube columns. The study
i Ri g&7tcene style uses the aluminium wall just f
uses the aluminium wall to confine the concre
divided into four series depehdimnghoweitdhprt | ©
Columns with composite action intdakamienit hett ol

strength ratidei & mgue at. &r ttoh a&n 1ddne whi l e col um
decreased from 1.3 to 1.86. This indicates th
enhances the ultimate strength of composite <c

8cm 7.6cm

Steel loading
lates

a .Cross section

Different loading
- styles —
L.

—
0.5¢m

D Aluminum i
tubes &

] Light weight : -
a[[——-_concrete —|7.. T F S
Composite Confining
action b .Longitudinal action

section

Figure2.7 The Configuration of The Tested Coluni@s].

Resam 2[03l08]r esented an experiment al anal ysi s
aluminium tubes -eehahoededi pbl gmérb¢(ERP) shee
di spl &yg@é& ien Li ght wedbhty agpaergate (LECA) is u

Il i ght weight concrete. The effect of external
l i ght weight concrete on the composite col umn
i nteractiootnh bneattweereinalbs | ed to the energy di ssi
columns. Analysis indicateal timenicompbsesbéestpoeé
greater than one by 1.83. while mndhptthcompiosiit e
The ductility of the columns increased signif

ratUB&) (vary between (1.67 and 2.12) as the
transverse mode. AlatskReougihthh€FRPr ¢émayteh si mamd e
dropped as CFRP jacket | ayers double in speci

20
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/

CFRP jacket

Aluminum tube

Light weight concrete
T | |
Transverse fibers Inclined fibers
orientation (o =0") orientation (a0 =45°)
a -Top view b -Side view
Figure28ColumnSpeci mens 6 Details and Fibre

[30].

Nayak, etnfa2ZpPidposed an expecomepatalngtuodnpcoet
aluminium tube columns. This papdeerptihncrlautd eos aan
d e pttehl u mi-tnhiuatk ness rati o on t helr6c amamd osyi tod cad luu
was extruded to fabricat eatddeh#nlcevintcerueltaer hhaovli
di fferent compRéedsMPa) stimbegshudy includes 4
di fferent al umiTnhied entdieb evedilsamatewmanes from 3

all failure modes, and the ratian3d3. 3d.e pAsh at or et
the aluminium wall provides great confinement
of ul ti mate strength <capacity. The analysis
aluminium tube strengtamgn atgi d riosn dr. el&t dro t2h @n
with slenderness of 3, 4, and 6 display a shi
slenderness of 8 and 10 display buckling.

Al shi mmerJi@2ghvesti gated the structur al behavi ¢
col umns, which were experimentally investigat
capacity, and ductility. The study includes
ada uminium wal l thickness using specimens with

height of 450mm, and di fefgeOr,en2, ald ,umd ni Amm)w,a | t
col umn hesipgehctswmwesnh ngl umi ni um t hi ctkneas ;fIvB&mME mm

durability of composswi eéhcalumhsiumi h9i speesBme
was 45Mmm ,rtéhseulal umini um wal |l tdhi biEmppersesyv eidn c |
compression | oad caphlreeifteyr einrcues icnog auPmsio h h we k h e
an incte®wmaa@siohg 5mm t limcnkcreeetads4 ed The (700 mm)
height and (5 mm) wall tbhtioknédes (AéQuaomendd byl @]
the same wal l thickness. Thwalsmoaal olfudkaliilug,e
l ong davlasmmgl| obal buckil g#i9get Asrehownnoncl ear d

the column exposed to air and the column subm
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450

400

~p

350

300

=§==C5 {=5mm, 450mm

Load, (kN)

ll=C6 {=5mm, 450mm

APRECCV\IE SOLLUTLON
IR Eoo Y Eo oo ToTy

0 2 4 6 8 10 12 14 16 18 20

Deformation, A (mm)

Figure2.9 The Ultimate LoadAxial Deformation Curves fof he Durability
Study[32].

AlMa ziamid Chk mewi(eB®]i esented an experiment al a
rectangul ssrecarndns gwanrceg et e al uminium composite
three parameters to examine 24 speci mdRag: Cc 0 mj
slenderness ratio of columns ranging from 3 t
25 to 62.5. Test results didpplaay yanedtfheecantcr en

of composite columns. The i nlcerde atsoi nag roefd utchtei orn
|l oad capacity, andseéec¢ction moolumh®acoimmassead awie
in the ratio of slenderness wuntil L/d =7, and
capagastyglear | yFigiggel ayhed i because col umns
failure with a slenderness ratio of more than

raising the modulus of elasticity gives the
ANSYS2 .(0) progrsamnonktrdedamershoeal finite el eme
to introduce numeri cal i nvestigation. The (F
experi ment al data, which displayed high appro

22
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ultimat load kN

L/D

Figure2.10 Effect of L/D Ratioon Ultimate Load[33].

l dam ZZ®@BfIresented a nonlinear study that empl o
finite el ement model. The mattececomatr preopeort e s
aluminium tube confining iIimpact on the concre
capacity, mode of failure, and | oad axial di srg
model compared wirebButhe ewpeerméngt alhe model

specimen columns to study the effect of high
120 MPa) on the performance of composite col
highrtehngconcrete on composite -tedlaumern eperrfadrim
uni form in al/l specimens. The st udw nonrdd asait reg
the concrete compressive strength to 120 MPa
concrete core reached the wultimate <capacity
speci mens with | ow tchoempcesseveoseredngphagf gr «
yielding of the al umini unhetsubietss buelftoirmea tteh es tcroe

Wang ,eti I2PpLO8sented an FE model t os adtsicsurs st u bhe

f ielavii achoncr et e core (CHS) and examined it agai:-r
of the aluminium tube and concrete core, and
the model. The strength capaceltgti onmdeunoves arn
the finite el ement mo del compared with the ¢
parametric study empldoyiadyv & shtei gvaetriion eadn mohdes | g
and primary materials, which are the ratio of

and al vamiwmmiunm und erfatnieod asB ctt h®ncraoesaa of ot he al
nor maby zteldlsecto®® area of( at=hAeoTdHAEN G Metree acser @ nA
of aluminium and concrete | eading raises the
showhi ghlrle because of raising the ratio of alwu
the columns are also raised becauseedotbhyehe i

alumi ni um Loﬂy)lbstraiTttneat( ul ti mate stappmagdds enas
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equation to determine t he -ssetcrtaiomf actioneEldteidahea tme n

tube codhemmesul toshCwWAT hat(lllpbc acno |l aianneif 4 thelt y

mi ni mum ductility required to achieve the ul't
12000
a=0.20
10000
~ 8000+
Zz @011
-~ /-
= 60004 //
3 e =
S 40009 fFr=~u_ T @003
2000 A
0 . . : .
0 10000 20000 30000 40000

Strain £(x10°°)
Figure2.11 Impactof Different Ratios of Aluminiunj34.

Jinlongief 28kK2d FEM to examine aluminium conc
cresestshhanpsed square and circul ar. The mode of
sguare and <circular compésigeE2z2cohemmsesdevasf df a
circular composite ¢ oHuinknes" ddiesfpolranyaetdi odiuy c tiinlde

the middle height, where the outer diameter
buckling indicati opnd.aglkaddl emdskiIcl ngewda® dihe |
pl ates and in the middle height of the squar
circular sections provide higher confinement
Rai sing @arowminisuimess |l ed to improving the du
sections of composite columns. Unlike raising
ultimate strength while reductihneg atlhuemidnuicutm [pirto
or decreasing the concrete strength is not ef
enhancing the ductility. The increase in the

capacity of bsoot ha fsfeeccttiso ntsh e utshpilarddc eprreanst e caufr viecse
changing the sl ope of this stage from negatiyv
ductility.
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S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+2.346e+02
+2.1602+02
+1,974e402
+1.786e+02
+1.602e+02

= +1.416e+02
+1.230e+02
+1.044e+02
+8.5842+01
+6.724e+01
+4.865e+01
+3.005e+01
+1.146e+01

Figure2.12 Model of Failurefor Square and Circular Composite Columns

[35].

Patel, datn[&]@P0ceammuenedr i cal -stwudpwgbh bogbrete f
stub al umiTrieurna ftiuebde smo d e | can correctlaynd dent
l oad strain relati@admusnhinp uecnurcvenp ocfiteomrcod eatmea s
Fi gar3di splays an increase in the aluminium pr
ulti mate | oad ofFicgoiptdiss pleaycsol ame® mpari son L

aluminium composite columns and concrete steel
and ultimate stresdgter| capampiatlyeittet lceodmiconlee re t h
concaleam nium composite columns, due to the el
el astic modulus of alumini um.

16000

12000 F

8000

Axial load P (KN)

4000

0

0 0.01 002 003 004 005
Axial strain &

Figure2.13 Axial Load-Strain Relationship Affected by Proof Stress of
Aluminium [36].
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30000 FA—Xs
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= = = CFST column

Axial load P (kN

© 10000 = CFAT column

0

0 001 002 003 004 005
Axial stram ¢

Figure2.14 Load Strain Relationship Curves &FSTANnd CFAT Columns
[36].

Georgant,ziian[ 2ipRalsent ed an experiment al study

concrete composdaresesc vosh hoamsesd hsaguanrge and rect an;
conditions of the tested -t®!lalmnsy wefr ealpu minreidu n
to fabricate the circular hollow section tube
MPa) . Itti gast iimguecsomposite columns with a deman
sections. The tensile coupomprppeceéederse ofvad hes
material. The gl obal buckl i ngl,sveasmlisihmavini o m d fh
and global buckling was shown in a small numb
the experimental and EC4 standard design str e
demand between 0.99 amdl I[loaw 8s e dteisa Mg wa g edagtt et
objectives. As a result, an effective method

of dwldol umns is filling them with concrete, v

Zh
co

ang, etna?88P2ducted experi ment al a Rsdt rneunnget rhi ¢
ncrete filling in Il ong aluminium tube <col ur
study is divided into 9 series to undéerssand
The 7A04 alloy is a third of the steel met al

yield proof stress ot od®Bo .dMEE anod ¢lhieg ¥\ BrAeQUiSs t
program to simulate thetedpieq@i@nilaed ewod @amno
experi ment al to pred&Det edhal tomame tomdreased
section in the longitudinal direction once sul
t he ellasttiicc phase, the compression turns from
makerne ot hetrendsiiliéeet eonentric compression on a

stiffness, |l eading to slight deflection defor
compression on one side and ¢ ewmtsiifofnn e@sns tared olt
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reduced as eccentricity got higher, while duc
columns reduces with a rise in aspect ratio a
frampec.t TThaed iroesult shows that the eccentric
elastic critical poi nt more quickly than the

equation to estimate-sthenlgéaricoqaccapeseddyngbdifc
7A04 aluminium aildrhmwlyaetquhanpiod Tans Ffeference f
design.

T
)

N
S e
=

L

)
ety

~ Sy
L
=

Figure2.15 Numerical and Experimental Failure MofBs].

Bu et ianl[ 3@M3vestigated both experimental and
response of al umi ni um concrendedc osmgpootsiidanes cand &
l oading. This paper studied t he eeftfieont aafd tthee
rati o ofsetche oor mnns t he behaviour of composi t
ABAQUS program was used to test ptahtea sndt g e s stk
strain rteHewmtbdonehisps di spl acement relationshi

As a result of |l ocal bulging in the aluminium
on the other hand, a complete f @idlucreedd dcdue ff o
ductility, and i mprovement coefficient of bea
di splays reduced initial stiffness of the col
thegcommend the ideaft oabemimi urheamiBhagb%.beT hve
| ateral strain of columns was enhanced more qt
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in coluammspecdfth?2 pt i As iFli lg@¥ @dr da tdehdy pierd i nt er nal

of concrete and oblique shear bulging of the
axial compression bearing capacity of the col
of the aluminiumalt by dgthraen dbtyh i mfcrtelasiconcr et

DAMAGLC
(Avg: 75%)

PELEQ
SNLEG, {fraction = -1.0)
(Avg 75%)
0.061
0.056
0.051
— 0.016
— 0.041

0.036 / Oblique shear drum
!E e * curved ring

Figure2.16 Comparisorof Failure Modeg39].

2.3 Summary

A brief presentation of the main ssd Tidh2dde r el a
Based on the pTaebldiewebhse mavnewoands studied by

in the foll:owing summary
1. The circul ar CFAT column has slightly | owel
CFST column because of the | ow elastic mod

2. The aluminium concrete composite column st
greater than one.
3.Raising the proof strength of aluminium | e

4 Raising concrete compressive strength | ed
composit.e col umns
5.Concrete with high strength, extremeal vy en

aluminium composite and decreasing the duc
6. A higher aluminium ratio enhanced the ductd.i
better than decreasing concrete compressi Vv
7.Raising the ratio of dbgmatsemgt awwnalf ommnidu
di fferent aluminiumlwalkFl ythedkoeds,t het uwa
ductility of concrete aluminium composite
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8.Raising the ratio of column heiglwhebhotbdept
column-tdeipgint r at,i ointdsscaeads edr i nfluence o
capacity for composite columns and holl ow

9.A concrete core fitlplredsetnite tahleu minntieum atluhb eex
alumini.wum tubes
10Sheanrd | ocamodackf iemah $ @arveedv i n aloelndgrdinhs h a\
di ameter rati® Taegglfobam dDuca&l ing fail ure
sl ender est alod nigainhsa nheatveirngr at i o ranging fron
l1lt.he wel ded coill6®isfer d ®ecshedtivbhdeld o0bl tmesn
Table2.1 Previous studies on CFAT columns.
Refer . Crosl Hei gh D/ T Tes
numb ¢ Explail Al T oy 't sect col un Rang| No. paramet
N Wel di ng
. 300 O|16.66 . ’
[ 25]| Experi men 606r6, -6 CHS 3000 531 . 29 sect_l on
al umi ni un
RHS Col umn 1| e
[ 5] Experi men 6 0 6T16 "'Stub <c¢| 8 .&3. 11| rati o, ar
SHS
strengit
Col umn 1| e
[ 6] Experi men 6 0 6T16 CHS |Stub ¢ 9.-39.] 10| ratio, ar
strengt
Col umn 1| e
. rati o, G
[ 26]] Numeri ca 6066, T| CHS |Stub ¢ 10160 8
strengt h,
strengt
[27] experime 60 6716 CHS [3 O L/|1120.| 4 |COlumn e
t heoreti ratio
experime . Col umn | e
[ 28]] comput at 606716 CHS |3 O L/|23:43% . 4 .
rati o
study
An exper
[29]| and theo : CHS 4.25| 40 4 | Cconcrete
|l oadi ng
study
concrete
[30] experi men . CHS 3.75| 40 9 extern
confine
effecti
[31]| Experi men 60 6T CHS |3 O L/| 1233.| 4 D/Trartaitc')
. . Col umn |
[ 32]| Experi men 6 0 6rl6 CHS 4 7Y 2 &b 7 D/ T rat
D/'T rat
Experi me| SHS, N sl endern
[33] Anal ytic 606% RHS 38 O L/ 282, 5 and con
strengt
Col umn | e
[ 3] Numeri ca - CHS |[Stub ¢ 9.7 2 3 rati o, af
strengt
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Column 1| e
[ 34]] Analytic 6 06rs6 CHS |[Stub ¢ 9.-39., 10| ratio, ar
strengt

707G, -66 al umini u

[ 35]] Numerica|508T3%, and CHS, - - - stress,
T6 SHS conc.re.t(
al uminiu

D/ T rati

stress

_ Shor al umi ni

[ 36]| numeri cal CHS 4000 4 concrete

col um

and comp
bet ween (

CFAT
[37]|Experimend  608% RS FoNe ] 139 10 D/ T rat
[ 38] Experime| 7 A0 4 CHS Long 33 3 9 L/ D rati
Anal ytic col um eccentr
section ¢
[39] €xperime ) REHS| 3-8 O 24 4 and al un
Numer i ca 5 content
sectio

2.4 Current Study Coverage

Previ oufsewdanmvaise s gat es eddatfifoerr esnitapeasosasnd t heir i
behaviour of short composite columns; they wer
secti omprtol¥ies gap i n previous studies, this r
ructur al per ffoirlmaendc ea loufmi cnd nuonr ettueb e-s e ©tl iuanm s

ometries, specifically those thats ltowg ag eui
the circular refipreonsisbbumh.t Wohebfasshegr
t, 1 rodcy gsgesc t) i. o Cse r wsaedc tiinmenlsude t hree section
ected (circul-eamrdec) .Icimadesc @dimtnha nsdh arropu ncdor ner
ee section shapes that were selected (rect
uctur al behaviTher setontdegeospciinoeesti gat e
minium pomobhoettr w€FEL® are 267The amdr d8Hr ¢
estigated the effects of doffehentwlSiFde narte
8 andThe®.R22Mpat h group analyses the effect

shortwlCiFAR ar e (Th.e9 ,seXx,onadnd@rSounpm)i.nvestigat ¢
uminium proof stresses, whliggmda.Bpe26hi ® dagd
vestigated the effects of di fferent strengil
2Mpa reported [BBYyh&bogt tanpd amailngses t he ef"
umi nium wal | thicknesse®, swhitioanld, at @i stp9 and
es the mosdéssounmamd in buildings, which are
ctions

—+

nw Cc o9 NTOQO O T OO TN OO TTQ O
O W —TO >SS TS MAS T DO D® O D
. < c == —o0
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Chapter Three Finite ElementModelling

Chapter Three: Finite Element Modelling

3.1 Introduction

The finite el ement method (FEM) quickly evolyv

for technicians and applied mathematicians be
met h[o4dG]l ts key benefit is that it may be wused
FEM is a typical met hod for turning governi.
equations into a matrix equation @elygtiemndt hRin
el ement analysis (FEAf) neseenteiwd htoelr msu suesce dwh ean
subject of research, for example, stress meas
[ 4.1]

Engineering education has changed substanti al

today's worl d, everything but the simplest p
speeds up computations and dlalnacws §fda@rp htitces pr e
This technique involves splitting the entire
el ements are organised in a specific pattern
expressed by a collection ofl analtahteah tti cc ad s tfioma

t hat are unknown.

Many academics recognise the significance of
advanced structur al engineering design. Numer
el ement met hod, are essenti ale famd @i sIeno e wimn g
structures are.

There are sever al types of FE simulation sof't
DI ANA, OpenSees, VECTORZ2, etc. Abaqus is one
el ement[ 483RhThyissi schapter pmwoeddeadntss ualynaomlei peairf ofF
al uminium concr et e ¢ oncproessest eui sa mnsgu MB AvQ WtSH CdAIEf/ f2

3.2 ABAQUS Description

Abaqus software is one of the successful fini
has been used since then for numerical simula
civil and especial#g] structur al engineering

ABAQUS (FEA) wutilises the finite el ement met h
t hat control the behaviour of i ntricate syste
el ement s, making it easier tg apphexmamacal t me
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each. Wi th Abaqus, users can develop detailed
materials by considering factors | ike geomet
| oadi ng [cham]di ti ons

After creating a model, ABAQUS enables users
the equations obtained from the finite el eme
understanding of different mebcuhtainoinc,ald epfhoernnoantei

transfer, fluid flow, and 4$Htjructur al reacti on
ABAQUS has a diverse set of anal ytical feat ul
dynamic analysis, ther mal analysis, coupled f

vast arypaycefsspogt t ool s ftoirngvissiumauliastiinogn arneds uil
users gain a better undefr4TJanding of the syst

Il n general, ABAQUS Finite El ement Analysis al
analyse intricate systems accurately and effi
choices, improve per[fd8rflmance, and reduce ri sk

3.3 ABAQUSModelling Procedure

ABAQUS has become one of the most commonly en

includes an extensive selection of input <choi
types, materi al characteristics,acesl,veaut oommatt
meshing, boundari @g,0cierstse mgc tcioomn,r odrsd post
1)The modelling processes of the ABAQUS syst ¢
i I I ustFr gtk e wihn:ch ar e
T StagModlel | i ng of geometry and material s.
T Stagheow2z2ndary conditions and contact 1inte
T Stagfena3dl ysi s output.
T Stagresdul t profcepsdtng.
Stagendl udes model |l ing the section in the p
assembling the pieces and meshing each part I
(alh)he concrete col umn, aluminium col umn, CFF
model | ed.
(bhhe materi al property cont astnrsaibnotdr alpihnse a
materi al, acting as input for the el ements

(c) The different parts are meshed employing different kinds of elements, and a member mesh
number is selected.
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St agked®i:ng surface interactions, constraints,
This stage also defines the border and condi't

St agPBPi Scusses the ABAQUS analysis procedure a
al umi-mdmuor ete column, such as the ultimate str
ti me period and | oad case are ithethnpussaogée d
analysis.

St aglen 4t hi s stage, the results are presented
validati on
i Part
— Property
_ Geometry and | |
Material Modeling
— Assembly

_— Mesh

— Contact Interaction

$—

Cc Boundary and o
'U | Constraint Conditions | Boundary Condition
S — Constraint
"‘--...‘__-“
7P| — Step Feild
-4 —  Load Field
aa) —  Output Analysis ——  Field Output

- History Output

— Job

Result Analysis
| Results Post-
processing

Figures and Tables

Figure3.1 ABAQUSE Finite Element Procedure
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3.3.1 Geometry and MaterialModelling

Mat erial and geometry modelling in ABAQUS i s
engineering structures. :Here's an overview of
3.3.1.1 PartModelling

Part model |l ing in ABAQUS involves creating or
individual components or parts that make wup tF
of the part modelling process in ABAQUS

l1)Geometry Creation:
A ABAQUS provides tools within its graphical

geometric models directly. Users can defin
curves, surfaces, and volumes to construct
A Geometric operations |ike dxtgaonsbenysesweeq:

compl ex shapes and features within the par

2)I mporGe et ry:

A Alternatively, users can i mport part g e o mge
formats such as | GES, STEP, or Parasolid.
CAD models into the ABAQUS environment for

Al mported geometry can wundergo further edi
prepare it for . finite element anal ysi s

3)Geometry Editing:

A ABAQUS offers a range of editing tools to n

Users can perform operations such as fill ef
the part geometry for analysis.

A Geometry editing capabilities in ABAQUS en
to the part model to accurately represent

3.3.1.2 Material Property

Material modelling is important in ABAQUS bec
materials behave when they are under differen
program attempts to offer acwideneangandf niosad
responses. Here are some i mportant properties

1-Concrete

When working with ABAQUS, creating a concret
characteristics and choosing appropriate mode
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| oads. Key concrete propermoes!| ws uaf |Pgoli assstome is
rati o, mass density, compression resistance,
depending on factors |li ke the specific mix us

ABAQUS provides a variety of material model s 1
These models range from simple | inear el astic
consider concrete responsei ke staeksngndndtdar
these models, the damaged concrete plasticity
di fferent | oading scenari os.

Concrete behaves in a nonlinear manner becau:
ABAQUS materi al model-stcannreplifaséeonswi pl. s NoO:
the modelling of the intricatde tmwe rbfod rhmamocneo t oof
cyclic loading. This materi al I's susceptible
exposed to excessive |l oads or unfavourable co

With the ABAQUS materi al model s, engineers c
failure by including criteria for crack initi:
concrete properties and choosSingngheereirghtama:
alyse, design, and optimise concrete struct

o]
=]

Hene mcé ruent e composite col umns, aluminium v
ete during the first elastic period; the
on's ratio of the two subss$tanbkbesl|l afTédeako!
ete rises, reaching a st abgeesoweer e8 0t% eo fc
fined strenc¢tlgB2asPaisltl| uisntvreastteidg aitn ons h
nement afforded by the aluminium tube n
ete in CFAT col umns. | nv e sctoingca teit cen sc oinmp |
mn, the alusmi hhemcwmplesmpvevetrength cap
i nement effect, and concrete reducdes t he

O 000 CcCc o Yo —
O O OO0 > O o o >
- — 5 = N = —

Confined concrete

—— —-Unconfined concrete

Stress [MPa]

Strain [mm/mm]

Figure3.2 ConfinemenE&ffect on The Concrete StreS¢rain Curvg 4.9 |
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l. El astic Property of Concrete

The elastic properties of concrete refer to it
the | inear elastic range. Il n ABAQUS, these pr
two main paraméEdBisor apasadmevinr i st udy

Table3.1 ElasticProperties of Concrete

T o Density Young Mo Poisson'
yp (t oy mm ( MPa)
| sotrop 2.49810 31458 0. 2

Il 1. Concrete Damage Plasticity (CDP)

The CDP simulation tool ABAQUS offers an ent.i
brittle materials throughout many structur al
mod el uses the principles lbastisoittry,pittodetntsar

damage elasticity, to express the inelastic b
concrete tested dynamically with or without
CDP model of ie$ atst o g iratsysdcacm abghemadrd enuil ng pl ast i ci
the irreversible harm produced throughout the
Addi tionally, CDP enables operator modi ficat
cyclical | oad reversals and [ 5.0 Jclhna rAsBcAtQaUrSi, s eCcb nl

Damage Plasticity (CDP) depends on a | ot of 1t
Some of the main parameters that are often us

AThdrength hypothesis and its parameters

Dr uéRreager theory is one of the many commonl
i1l ustFri gB&dE 1 n

) s Triaxial

Compression Tl

) &

o
Drucker-Prager Morh-Coulomb
Yield Surface Yield Surface e
03 G- I'miaxial

(a) ’ (b) Extension (C)

Figure3.3 DruckerPragemBoundary Surfacgb1].
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Failure is deitlatmamnieadndly ®tomain power, and th
takes the form of a cone. The benefit of adop
which in turn reduces pr[obh2]lelnmse icno nncur neetrei cdaal macg
concept wutilised by the ABAQUS IRPrraggera ns tirse nag trmh
criterion.

a) Dil atq)on angl e (

The sl ope angle of the failure surface respecHt
Whi | a@i Ité&htei on angle is minimal, the concrete |
i ncreases, I ts performance approachespdunctil i
| oaded bedrhdei nat iceam caeglranged from 20 to 45 d
additional studies reported di[l4azl]ilonn tahneg | AeB ArQa
program, the standard GQiestkmgwmnsas86thdhandgl ¢ at

of concrete. UQQueal 1256M0A ompdmbtengdepending o
strenge hcontnetxhth soifs ,t tehe wiaBdé|l degteen angl e

b) Eccemnmtricity (

A plastic potenti al eccentricity is a tiny po
potential hyperbola approaches its asymptote.
the vertex of the hyperhgpar amlda ' 'tsh ea s ynnipetrosteec
Eccentricity can al soompr edhdienpd rastieide nagst ha rlant
Concrete Damage Plastit®st@®. 1 CD®) comchehb.ylar ead
Additionall vy, in the meridional pl angs ©O0he st
foll owing the strefgtalgerypotnhe hijis @fHhleBwass k@s ev

cYw@Par ameter

The pafQd@®eteepr esents the strength ratio of <cor
strength under &qnu atliipario va adrepsr easns iuonm.er st andi ng
performs under difbfebheogestgpes obrdeoempomdi ng

t h@/'@r ati o according to the experiment al resul
Q 3.1
0 B
Il n ABAQUS, t his rati o IS commonly used to d
compression. The default value provi@ed i n th
1.16, indicating that the concrete's strength
than its strength under FumgB4xi al compressi on,
Il n ABAQUS, Wf®i ssraseate tod 1. 16, which is |likely
This value iIis a trusted default for simulatin
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have the option to tweak this parameter to be

data for more [pHde]ci se simulations

uniaxial tension
{q 3up+ [.’-cr2 G ~ \ -

\

biaxial
tension

—(@-3up+Bo,) =0y

Tl @-30p)-
biaxial compression T-ot

Figure3.4 Concrete Subjected to Biaxial Stress According to Concrete
Damage Plasticity Simulatidb3].

dodParameter

Kc is a parameter that can be defined as the
the compression meridian. A tensionFiagibeexis
il lustrates how it deter maeetsi wvfhaatofs htalpe ft &iel

takbSluggests that the Kc rEagnugaeBdeoam i be @t bmi 9
determiini ng Kc

: Ly Q P 3.2

v o @ v Q L& V ¢ Qe 8
When Kc is greater than 0.5, it indicates tha
axis than the tension meri di ans e cAtsi oKnc baepcpor noeasc
circul ar, resembTRrnagg etrh es ticrhearsgstshc whiDgpuoe ktelmhe f ai |

circle.
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Experi ment al results indicate that for a mean
tends to increase slightly with decreasing me
(CDP) model recommends assuming Kc = 2/3 as a
The shape described by Kc = 2/3 is like the s
which consists of a combination of three mutu
experi ment al approach basged pnovirdexial repres
failure surface undlegd4]vari ous stress conditio

Ke=1

(T_M.)

(C.M)
7-S,

Figure3.5 DeviatoricFailure Surface in The Concrete Damage Plasticity
Model [54].

e) Viscosity Parameter (£

It can be referred to in the form of relaxing
deterioration and strain decreasing, which «csa
solving this challenge isl afhe wegueé arhsesi nhanogé
substance tur npserpioosd tsitveepsf.or short

I n general, the value of the viscoplastic regil
|l oad values. Using small values generally hel|
regi me of the model, wi t hadwtr dc smeg rt a migs ifnogr rtel
ABAQUS program is (0); t hus, n o[ 5.0 ]sTcoo eil napsrt a vc
convergence and stabil i tzy,r oi tvailsuuend oes g direy vti &
usually a small one; a value of A&=0.00002 was
reliabilityYhefolwhieouwusesadtyant ages of the concr ¢
from its basis on variables with a clear phys

The particul ar function of the mentioned par
defining the progressbostonédss hepdboe dare salrdmic
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user reference. The further features that def
axi al stresses. I n the ABAQUS progr am, t he de
performance under compb3ked stress are shown i

Table3.2 DefaultParameter o€EDP Model Under Compound Stress

Par amet er Standard Utilised in
! 0.1 0.1
q 36 31
"Qol"Q 1.16 1.16
0 @ 0.667 0.667
£ 0 0.00002

B) ConcreteBEbmpi essi ve

When concrete afsbeuinndge rs goureeeszseudr ei n one directi

stages of reaction. First, it bends without p
easily wuntil it reaches a | i mit. Afitcarabtlheat ,wii
the resistance increasing quickly as it gets
resist being squished, It starts to show sign
increasing, t he coakrapar twi d d mpelveetnea luya,l | wh ibcrhe
crushed, breaking into pieces, or splitting a
After a failure occurs, the materi al mi ght st
drop in strength because of <cracks spreading

comprehend these stages ¢ a&f egguyar@amt eendrhet e o
subjected to different types eaftrlaoadcs.urilks ¢
against plastic strain is assumed. This proc:i
provided stre8S§ssagaimsi nfionembasboing as detail e

The concsétreaisatresation can be precisely desc
terms of equivalent uni ayxi al dsantcreaitrh e( Elrvaip han &
vari abl es mugturiem 8@GBPortmhe i nelastic strains ;
elastic part must be deducted (according to th
for the totafromgEgtBanhd3dnstrains

3.3
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v

Figure3.6 InelasticCompressive Definition of Straing [50].

C) Concr eBehaeineuid e

When concrete is stretched in one direction, i
elastically in a straight Iine, following Hook
hol d t lite0 ,stwhissh i s whemttitoyforackithin the n
i ki g@fehe relationship between stress and str
stiffness and strength as the cracks spread.

=i i

Eo

Aa-a,

fer—————————1 2
g g 3

Figure3.7 Responsef Concrete to Uniaxial Loading in Tensi{s8].

This weakening response causes | ocalised stra
compl ete breakdown. Understanding this proces
cracks and then to weakeningncrinetesstemuactalr ¢ ®
being stretchedraiUmi axiaés scamsise transfor med
stress. (This automati c conveeterdseifonneids spterrefsosr nv
Ai nel asticodo strain).

41



Chapter Three

Concrete properties of

compressive and tension

behavi our ,FiagsB&aank wgnBioi en

% Edit Material
MName: concrete

Description:

Material Behaviors

Density

Finite ElementModelling

el astic
behavi

Concrete Damaged Plasticity

-
General | Mechanical Thermal Electrical/Magnetic  Other 4
Elastic ——— , .

Plasticity > Hyperelastic
Type: | Isol Damage for Ductile Metals > Hyperfoam tions
O Use ter Damage for Traction Separation Laws > Low Density Foam

Damage for Fiber-Reinforced Composites » Hypoelastic
Number o

Damage for Elastomers
Moduli tin Deformation Plasticity

(ONocor Damping
) No ten Expansion
Brittle Cracking
Data
Eos
¥ Viscosity
1 Super Elasticity

Porous Elastic

Viscoelastic

Figure3.8 Elastic Property Details

2> Edit Material

Name: concrete

Description:

Material Behaviors

Density
Elastic

Concrete Damaged Plasticity

General | Mechanical Thermal Electrical/Magnetic
Elasticity

>
Concrete | .
Plasticity >

Plasticity Damage for Ductile Metals >
(O Usete Damage for Traction Separation Laws >
Damage for Fiber-Reinforced Composites »
Number
Damage for Elastomers >
Data Deformation Plasticity
Damping
Expansion
1 Brittle Cracking
Eos
Viscosity
Super Elasticity

Qther L4

Plastic

Cap Plasticity
Cast Iron Plasticity
Clay Plasticity

Concrete Smeared Cracking
Crushable Foam

Drucker Prager

Mohr Coulomb Plasticity
Porous Metal Plasticity

Soft Rock Plasticity

and
our

Concrete Damaged Plasticity

Creep

concrete

can

be

Figure3.9 Utilisation of The Concrete Damage Plasticity Model to Identify
The Plasticity Features of Concrete

42

ent



Chapter Three Finite ElementModelling

2-Al umi Promerties

I n Abaqus, the aluminium tube was modell ed as
i nner part. For clarifying the fpudmddmentnoldedt
adopted. I't is accepted thhdt calaumicrtieurm sdii xpEl. a
given as (tonne/mmj), which is the same as th
The elastic properties were set up with a mod
with the watlwreasl falrumitmi um in validation and p
nonlinear materi al behaviour, pl asttriaiint yc uwrawse .
first, t he @rngianeaerciumrg es twaes sepahl atdaeeimd®edoad pe
model , along with the prescribed values and f

for charact esrtirsaiinng rtehleats tornesshs p of al umini um
secf{b6hThe basic struct uryeq wdt3b)d3Es M d ed8r d s( des

- - m8ine ,(foxk @A < 35
=—+( s ——) —— + gbr< a < 36
Wh e:r e
'08:8—_ 3.7
g =—+0.002 3.8
where & indicditredi datee sttrtees sstamaDn2ef abhlUmmhini

stress, the al umi ni ym sudttthrieaman eatstd.ex% ,al umi ni u
al umi ni um Yo Dg g#® kteanmogdeunltu smodul us at 0. 2% al umi

first strain hardening, m is the second strai
i 8.3
Most ductile materials yield at stress points

indicates the right measurements of stress an
engineering values werned tlroagnasrfiadrhne dc Eqpiidacs toimcu es

(39an3U1P that are in accordance with the Iinput
model |l ing

) = (1+ ) 3.9

=In (1+ )-— 3.10
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Whefye and are the true and nominal stresses of
and are the nominal and | og plastic strains, r

The trypé astiesstrain curve thus produced was
the aluminium shell's inelastic response. Su
el ement studies that andl yaleudbihnei upne rdro r srtaenele
all ows foThd het dcr be el winouri were tenvbel uat ed empl
elastic modulus determined by the3ZIouploen ve@rstl
yield criteramdhemingiwerte oppprel hed to handl e tt

yield criterion indicates the yielding | imit f
constant of deviatoric stresgaatnsamidedicr dadalil
certain point is reached. The requirement in

Equatlp(nvon Mises, 1913)

b 311

flfa ahdi ndi cat e t h dsilustratedio Figura3.10, this forenglaspeoduces a

cylinder yield surf & emeunhthevhydogfaticaaxifi(af@i @8)sl nof a
metallic parts, isotropic hardening is indic
evenly expanding about[ 4the hydrostatic axis

2/
a
a

Figure3.10 TheYielding Criteriaof Von Mises[4].
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3CFRP Properties

FRP composites are strong and | ightweight ma
i mprove the strength and stiffness of existing
embedded withi p9ph Beseli ymer spescifhying the char :

concrete, which are the principal components
Fi bre Reinforced Polymer (CFRP) were also i mp
enhanchiengend performance of the composite <col
wrapping at the ends of the columns is to pos
which is often referred to as fHehieplhaona mpgroeod s
stresses and the resulting i[mgtfihbi theyAbaquéde
property modul e, t he CFRP definition was de
contribution, as the confinement role of CFRP

its-ypedtd behavi ourRP Twhaes dseéntsattoymmw3 el ue t hat
with the commonly used carbon fibre composit

providing an isotropic |Iinear elastic behavioa
Poi ssomds Or 8t3i. 0o Al't hough the material I s gener
was affirmed as the direction of the maxi mum
accurately indicated by the choseen metdairliuasl o
i sotropic allowed the Abaqus model to be compl
the confinement effect of CFRP at the col umn

numeri cal studi es whmeuleattihneg etnhpeh agsli ssb ana sc oonnf i <
composites rather than t.heir complete anisotr
4-St eel Properties

The steel plates employed at the ends of each
as a support plate to give a stable base and
conditions, while the uppto pbaveywbhkeappbi
uni formly t o-steltda ioonl.umrmecmpdsags es were not 1incl
system under i nvestigati on, and thus, the as
constant el arsttilce rerstpiornes eamaleysi s, whi ch was ¢
model |l i ng. The aforementioned assumption 1is

boundary or | oading plates solely act als | oad
nonlinear response of the tested el ement. Stecé
el astic definition. Mat er9(atlo ndemas3)t yewast alred a&r
for structur al carbon steel. The elastic beh
Poi ssonds rati o, specified as 200, 000 MPa at
parameters were assigeprtd sontkethempciveor abtt
resulted in providing a realistic yet comput a
conditions, thus ensuring an accurate simul at
numeri ¢alt ystaalbli si mplicity in the finite el eme
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3.3.1.3 Assembly oModelling

When working in ABAQUS, assembling models req
complex structures. To start, parts need to b
tools or by importing designs sfpecan fGAcD esloef nhewal
assembly and may vary in materi alisg,B8rdéeh Af et er

creating the part geometries, they are then ar
t he final assembly. ABAQUS offers a range of

process, enabling userts oths ,adocureatfelcye ss p eacnidf v
parts. These can involve tie constraints, eq

interactions. between the parts

Figure3.11 Assembly ofModelling Parts

3.3.1.4 Element Mesh and Type

Meshing in ABAQUS is a key step in finite elei
representing complex geometries and predictin
mesh generation process thamubakesanp| aoantrof i
options to divide the geometry into finite e
generation to ensure that el ements meet spec
refinement may be enlesedteod ifnoprr ocvoempsl oel xu tmoodn ac c u
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visualisation tools for users to examine and
achieve accurate and reliable analysis result
understanding and effectively use meshing tec
f
a

nite el ement mo

ndings from the i
n equal mesh siz

For exact fi
l'y chosen to have

speci fical

n o de58 ]

The main difference among various el ements ir
adopts. The starting character or characters
is a shell element, while €8D8B8Yy 06 mnodest whtuh
is typically prowiadca bmi dk seltemdret. iThekreowrmta
node shell el ement I's known as S4R. The degr

cal cul ated durri ngg dthree sam/adiyspglsaceFnoent si mul at
the translations and the rotations at each nc
adding t R ¢ htaheacdleement title. The mésbung of
312

e s v

g o -
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(717111
o
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orrrrrrr L NI T DR R L L L
N - - -

Figure3.12 The Meshing of The Whole Model

47



Chapter Three Finite ElementModelling

A.SolEH ém®ascription

Thrdckiemensi onal solid el ements are volumetric
substance or could be made up of multiple |e&
plasticity and contact behavi oulhrdadeane ne g o h aln
(3D) solid el ement can be considered to be t
all the field variables are dependent on x,
general solid element2ZDthel itd uasrsd Dlrealm, ollam
to be speci al cases of the 3D el ement. Each

degrees of freedom. The el ement can thus def
have mddesato their cooder$&§yriskchuase I heedr I
direction and are of t eonr dcearl |eEldegnidrdatededirg terl ee me 1

315l lustratgc tohier etsaindo Isu rare | | oadi;ag @inght urg
node -dtihmeenesi on al el ement (FKi388rE Earmgpr olye nigd € n
di spl acement approxi mati on, decreased integl
moving degrees of freedom were chosen. Stres
can be defined at ewdary imtegmpatiiadmopoiehte.me
hexahedr a, i ndicate possible stiffness with
eliminate the risk of mesh lock i f empl oyi ng
seconder el emented afffédri Rdacpgpdr el ement s have
to modify the simulation for interfaces and

|l oading and supporstngqgs @lliad ee Imordem nh sfriteld leend K @
aluminium columns do not penetrate the steel

C3D 8 R

face 2
face 5
8 7
: ya
face 6 14
g TS 3
- f face 4
5 = 6 Reduce Integration
/ A
/ ]
2 Number of Nods
v 8
- node element
Three- Dimensional
Y
X

Continuum (Stress / Displacement)

Figure3.13 C3D8RElement Descriptiofb2].
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=‘y Element Type

Element Library Family

Standard O Bplicit
Acoustic |
Geometric Order Cohesive

Cohesive Pore Pressure

© Linear () Quadratic

Hex Wedge Tet

() Hybrid formulation @ Reduced integration (] Incompatible modes

O Improved surface stress visualization
Element Controls

Unsienlars cbibfnnne

C3D8R: An 8-node linear brick, reduced integration, hourglass control.

Note: To select an element shape for meshing,
select "Mesh->Controls” from the main menu bar.

oK Defaults

Figure3.14 lllustration ofChosen Elements for The Plate Model

4% Element Type

Element Library Family
Acoustic I
Geometric Order Cohesive

O Linear O Quadratic Cohesive Pore Pressure

Hex Wedge Tet
[J) Hybrid formulation @ Reduced integration [_) Incompatible modes
(] Improved surface stress visualization

Element Controls

Hourglass stiffness: € f I

Viscosity: © Use default O Specify
Kinematic split: © Average strain (O Orthogonal (O Centroid

C3D8R: An 8-node linear brick, reduced integration, hourglass control.

Note: To select an element shape for meshing,
select "Mesh->Controls” from the main menu bar.

oK Defaults Cancel

Figure3.15 Illustrationof Chosen Elements for The Concrete Model

B.Shell El ement s

Shell components have a thickness that is f
t hischke | | FE analysis can be performed on sh
describes thin -BMlhetdlsn twwheboey Reegshatres t he
To preciselywami edtehahactdearninsti cs of the a
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|l ayers, the outer aluminium tube and CFRP wr

particul ar, S4R was the el ement type for th
Fi gwnlné The S4R mo echeolde | uadrfiowan er al shell
stress/ displacement f or mdIanetideognr,a thioounr.g | Tahsiss c
is specifically suitalléetlomemher si mihatrend
formul ati on helps shear and membrane | ocki ng
control techni quael iesntsiucr erse ssutlatbsl ebyaned irnei nat i
def or mat ilbsni nngo dSe4sR i nst-r@adle o$ h eSI8IR g leda mertt s)
made considering both physical amnmrdd ero mpludmdn
such as$s g88Rgime the | ocal curvature effects

increase the computational cost and-scampl ex
nonlinear anal yses

¢ Element Type

Element Library Family

© Standard O Explicit Acoustic
Coupled Temperature-Displacement
Geometric Order Gasket
O Linear O Quadratic Heat Transfer

Quad Tri
@ Reduced integration
Element Controls
Membrane strains: © Finite O Small
Membrane hourglass stiffness:
Bending hourglass stiffness:

Drilling hourglass scaling factor: @ Use default O Specify

S4R: A 4-node doubly curved thin or thick shell, reduced integration,
hourglass control, finite membrane strains.

Note: To select an element shape for meshing,
select "Mesh->Controls" from the main menu bar.

OK Defaults Cancel

Figure3.16 lllustration of Chosen Elements for The Shell Model for The
Aluminium Tube andCFRPWrapping

3.3.2Contact Interaction and Boundary Conditions

Foll owing the assembly of every component I nt
applied to indicate the relati dnghliirfeniicgwrse t |
318 Boundary conditions specify how | oads or
reflecting actual |l oading situations. I n the
essential feature. Physicaltpribhe eciduclesdad ei ® St
of boundaries and surface relationships throu
could negatively influence the modelling exp:¢
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presence of several components in the simulat
CFRP shell and steel pl ate. The ABAQUS progr a
connections, such as tie taenface,[dbeg@drciond D
structuruensdeemaymebefinite or smal.l movement, S L
bet ween the aluminium shell and concrete colu

3.3.2.1Boundary and Loading Conditions

Boundary conditions are essential characteris
its outside setting. They contain instruction:
addition to other physi caali omd rsa nheotredresr sa poprl iseudr
apply these circumstances to model actual | o
influences from the environment, to accurate
Boundary condittaindnsf oar eesitmpmart i ng the simul at
i mportant knowledge into the structure, heat.
|l oading and boundary conditions employed in t

surfauappofrt pl atFa giddredhies pul papyeerd siunr f ace of | oac
i Fi gBr%@nd the | oad is applied on theFitgpyr esur i
318 Axi al compression | oad mu s t be evenly d
components, which are the aluminium tube and
top and bottom of the composite cxeddmagai Mhte
( X, Y, Z) whdiitlrre®c tuipopresr, st eel pl ate i s Afxiixaded ac
di spl acsenaepnptl i ed on the top surface of the | oa
gradual rai si ng tumatti Ic aiuts eadt ttahien sc otl huemnl odaedf or ma

a
4

Edit Boundary Condition
Name: BC-1
Type:  Displacement/Rotation
Step:  Initial

Region: Set-4 [y

& Boundary Condition Manager

CSVS: (Global) [y A

Name Initial Step-1 Edit...
v BC-1 Propagated
v BC-2 Created
v BC-3 Created Propagated Move Right

Boundary condition type: Displacement/Rotation
Boundary condition status: Created in this step

Create... Copy... Rename... Delete... Dismiss

Note: The displacement value will be
maintained in subsequent steps.

OK Cancel

Figure3.17 lllustration of BoundaryConditions at The Lower Surface of
The Supporting Plate
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& Edit Boundary Condition
Name: BC-2

Type:  Displacement/Rotation
Step: Step-1 (Static, General)
Region: Load point [

¢ Boundary Condition Manager

CSYS: (Global) [y A
Name Initial Step-1 Edit...

istribution: if
v BC-1 Created Propagated Distribution: | Uniform

Move Left

v ez ; {1

v BC-3 Created Propagated ) 1 s - au

Ouz:
(J UR1:
(O UR2:

Step procedure: Static, General
Boundary condition type: Displacement/Rotation '
Boundary condition status: Created in this step " S ! (O UR3:

Create... Copy... Rename... Dismiss & 8 Amplitude: | (Ramp)

Note: The displacement value will be
maintained in subsequent steps.

oK Cancel

4% Edit Boundary Condition
Name: BC-3

Type:  Displacement/Rotation

Step:  Initial
Region: Set-7 [

v

& poundary Cond A
s Boundary Condition Manager
CSYS: (Global) [3 L

Name Initial Step-1 Edit... 8u
v BC-1 Created Propagated
v BC-2 Created Ou

au

[Jur1
D ur2
(JurR3

v BC-3 Propagated Move Right

Boundary condition type: Displacement/Rotation
Boundary condition status: Created in this step

Create... Copy... Rename... Delete... Dismiss

Note: The displacement value will be
maintained in subsequent steps.

oK Cancel

Figure3.19 lllustration of Boundary Conditions at thépperSurface of the
LoadingPlate.
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3.3.2.2Constraint and Interaction Conditions

Il n ABAQUS, constraints and interactions are ¢
inside FE model s. Constraints control t he mot
certain | ocations or connecti mag eelnemnerstsartyoda
expressilmnd eactomaslt rai nts, such as rigid suppor
the reliability and accuracy of the investigat
to model frnctoonadbBeparoatamong surfaces, whi

guarantee consistency of displ Ricged2e@mrks gaumoen g

321 a tie constraint was adopted between the c
used between aluminium tube FeEdRE@®: aheée pbanect
bet ween the aluminium wall and -teerftacerebat ac
relationship. The concrete core having the sm
surface, and the adugeéemimomdutiube bdfavehgstihei iy
surface. Bet ween interaction surfaces, contac
penalty function with a 0.4 fraisctsihddrivg®&daf fi ci
antdard contact in thekRin@beal hdi ceataoh Ccseupsked
t
c

he separation of surfaces under the i mpact

oefficient of friction was uncertain because
col umn. Thuwes, weast daomel yosn t he model s, and it
mod el obtained an excell eRt g8z edn o q uaagtriecenmecnc
was adopted to |lin&astbebwphpldaeve d hl o he ok dmenup|)
el ememt g82B which ensures equal pressure is d

sur face

& s Constr t
& Edit Constraint

Name: Constraint-1
Type: Tie

' Master surface: plate to column [

s

P Slavesurface: concreteto plate [

Discretization method: | Surface to surface
45 Constraint Manager -
4 (L) Exclude shell element thickness
Name Type L b ' Position Tolerance
v 3 © Use computed defautt
+/ Constraint-2 Tie 1 ~ Specify di
+/ Constraint-3 Equation p O Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

Adjust slave surface initial position

@ Tie rotational DOFs if applicable

Create... Edit... Copy... Rename... Delete... Dismiss

Figure3.20 Tie Constraint Connectinthe Concrete Column Surfaces and
The Steel Plate Surfaces
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# Edit Constraint

Name: Constraint-2

Type: Tie

J Master surface: plate edge [

pf

!Slavesurface; aluminum edges [3

. " Discretization method: | Analysis default
& Constraint Manager X ! by

(7] Exclude shell element thickness

Name Type
v/ Constraint-1 Tie

i) © Use computed default
’ :

& . ® ' B -
v Constraint-3 Equation [ (O Specify distance:

Position Tolerance

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

@ Adjust slave surface initial position

@ Tie rotational DOFs if applicable

Create... Copy... Rename... Delete... Dismiss

r n
0
) , \
|l=||I i
] N i
S i
T
0 (0 ThH
'lll\l WNyg
D T
N Ny
L I
.||}|| \ W]
.‘Ill | 8 114 NN HH |
al)o a oint 0a area
L d [ bL d

Figure3.22 lllustratethe Load Point and_oad Area Elements' Positions

54



Chapter Three Finite ElementModelling

¢ Edit Constraint

Name: Constraint-3

Type: Equation

s ] Enter one row of data for each term in the equation 301
Constraint-1 Ti

o ”!" f& Click mouse button 3 for table options.

v/ Constraint-2 Tie

Coefficient Set Name DOF CSYS ID
1 1 Load area 2 (global)
2 -1 Load point 2 (global)

v
Create... Copy... Rename... Delete... Dismiss

Cancel

Figure3.23 Usingthe Equation Constraint Between The Load Point and The

Load Area

&> Edit Contact Property

Name: IntProp-1
Contact Property Options

Tangential Behavior

Normal Behavior

Mechanical Thermal Electrical
& Interaction Property Manager X | Tangential Behavior
Name Type H 1 i Friction formulation: | Penalty

IntProp-1 Contact | i 8 Friction ~ Shear Stress Elastic Slip
—

Directionality: @ Isotropic (O Anisotropic (Standard only)
(7] Use slip-rate-dependent data

[T) Use contact-pressure-dependent data

Create... Edit... Copy... Rename..  Delete... Dismiss
|_J Use temperature-dependent data
Number of field variables: 0%
Friction
Coeff
04

Figure3.24 Input of Contact Properties Interaction of Tangential Behaviour
Betweenthe Outside Surface of Concrete and The Inside Surface of Aluminium

55



Chapter Three Finite ElementModelling

4% Edit Contact Property

Name: IntProp-1
Contact Property Options

Tangential Behavior

Normal Behavior

Mechanical hermal  Electrica
& Interaction Property Manager X Normal Behavior
C perty r r H

Name Type 3 | ‘s Pressure-Overclosure: "Hard" Contact
oibropt Eontad ' i Constraint enforcement method: 'Default

@ Allow separation after contact

Create... it... Copy... Rename... Delete... Dismiss

Figure3.25 Input of Contact Properties Interaction of Normal Behaviour
Betweenthe Outside Surface of Concrete and The Inside Surface of Aluminium

Sinteraction | Modek: [ Model-1-C40-CFRP V| step: |2 initial 2 oo %
e g2

Name: Int-1
Type: Surface-to-surface contact (Standard)
Step: Initial
| Master surface: aluminum to concrete [

p-f

Sliding formulation: @ Finite sliding O Small sliding

f Slavesurface:  concrete to aluminum %3

Initi Step-1 Discretization method: | Surface to surface
Propagated () Exclude shell/membrane element thickness

0.2
Move Right

Contact tracking: © Two configurations (path) O Single configuration (state)
Slave Adjustment  Surface Smoothing Clearance Bonding

© No adjustment

Interaction type:  Surface-to-surface contact (Standard)
Interaction status: Created in this step

O Adjust only to remove overclosure

O Specify tolerance for adjustment zone: |0
Create... Copy... Rename... Dismiss

O Adjust slave nodes in set:

Contact interaction property: | IntProp-1 v B

Options:
ill out the Edit Interaction dialog (Default) tL

Figure3.26 SurfaceTo-Surface Contact Among External Surface of
Concrete and The Inside Surface of Aluminium

3.3.3 Output Analysis

When using ABAQUS, analysing output invol ves

finite el ement simul ati ons. This i ncludes
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and stresses, and processing the informati on
readérl d data or theoretical solutions hel ps ¢
shows how the system reactad tod ohidmpauds ainml yar
is to gain insights into the behaviour of co
i mprovements. in engineering

3.3.3.1 Step Field

Il n ABAQUS, a step represents a unigue phase
corresponds to a particular |l oading condition
applied to the model dur i ngr dehre asndnudan iiomv 0 IS
actions |ike applying | oads, displacements, t
Usual ly, a simulation consists of sever al st
response ofr ma&teer iFaolr p enrsft carnnaee in a structur
involve an initial phase for setting boundar.y
forces or displacements are gradually wlpgplied
indicate various | evels of mater i al def or mat
eventual failure. The Step module in ABAQUS o

each step of the simulatieonfproaéysi sUseers obvar

specify |l oadings, and adjust other parameters
simulation of complex behaviours and | oading
t he system'Bsotrhe ssptoantsiec and | arge def ormati ons

what kind of sol uRiig3®78 o use, as shown in

k-

w Step Manager
Name Procedure Nigeom Time
(Yl nitial (Initial) N/A N/A
v’ Step-1 Static, General OFF 1
Create... Nigeom... Dismiss

Figure3.27 Determinethe Solution Type Static

3.3.3.20utput Field and History

The output field and history are connected pa
for extracting and analysing simulation resul
includes tools for visuddtasipgodexedaduwiingg i
can view different quantities | i ke deformati ol

57



Chapter Three Finite ElementModelling

the simulated systepmdicedeihprnyi matrhoWs | hupess ce
examine specific parts of the simulation rest
changing values of certaie, puagearnsetmay waretr tto
stress or displacement changes at nodes or el
features to specify and keep track of such hi

set intervalpoiomt s.peBy fmer giimg the output fie
efficiently study the evolution of different
all ows for a deeper understanding of tempor
devepment of deformation and stress patterns.
wi t h real data or anal ytical forecast s, whi c
out comes. Il n general, the outpQ@USsaceiessanti

examining and wunderstanding finite el ement S
insights and understand the behaviour of comp

3.3.3.3 Job Field

For solving any FE problem, a suitable job an
analysi s, the information has to be validate
di spl ayed

T Model Setup: Users define the geometry, ma
and other parameters necessary for t he si
involves creating or importing thetypaite
(e.g., static, dynamic, thermal, etc.).

T Job Submission: Once the model setup is ¢

ABAQUS then performs the calculations base
Users can submit multiple jobs simutctaseou:

T Job Monitoring: During the analysi s, users
its status, computational progress, and an
to intervene i f necessary and uelnastuiroens. t he

1T Resul tPy oR®estsi ng: After the jJjob has finishe
the simulation results within the job envi

extracting relevant data, and apsernfeoerdneidn.g f
T Job Management: The job field also include
as organising them into projects or folde

completed jobs for future reference.
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3.3.4 Results PosProcessing

Resul tpyr ogestsi ng involves two main aspects: r

fi

gures.and tabl es

1T Results Analysis: This aspect entails exam
to gain insights into the behaviour of the
data from the simulation resulrtesac tsiuocnh faosr
etc. Users can analyse this data to under st
or materi al under various | oading conditic
guantities, comparing rtesudlatrsdsagadidresatt i desin
or failure modes, and drawing conclusi ons
Figures and Tables: ABAQUS provides tool s
figures and tabl es. Figures can display gr
pl ots-stsaressurves, displacementatpilomonss, healng
users to intuitively understand the distri
the model . Tables present numer i cal dat a |

anal ysis and compari son

Figuredi gBe@é&nFi g8832 il | ust rsae et itohne schraopsess o f
speci mens.

Figure3.28 Circular CrossSection Composite Column
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Figure3.29 Elliptical CrossSection Composite Column

Figure3.30 RoundEnded Cross$Section Composite Column
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Figure3.32 OctagonalCrossSection Composite Column
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LI

Figure3.33 RectangulaCrossSection Composite Column
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Chapter Four: Resultsand Discussions

4.1 Introduction

I n this chapter, the experimental rgsdllted ol
aluminium short col umnscrodgsesx hvwiomechtea nogourhpaar each
theoretical results obtained from the finite

2019 softwdarheo-ashi alersntsr @afn rel ationship and ul
parameters that may affect the behaviour of s
study conductedltomdeéeéet mane H1lbad defl ecti on
patterns.

|t is necessary to provide detailed descript
simulations (those carried out with the usage
ensur e taheek artihtey eand rigour. Mor eover, for t
worthwhile to highlight any shortcomings or u

4.2 Procedureof the Study

Using existing [eGmpethihesntsdluddatsa muy ates the s
di fferesrtctconaoass forconce eabumiompwmi te short cCo
composite columns with different parameters a

The first groupeananbgmpsbshaneoer oswhich-is pr e
sections with equivalent section area, | ength
group consists of twarbssssntcih@emst ¢ gseescv)a. b @arr weodi r
cr esestiincnlsude three section shapes t-énrad e dvier e
Pol ygroessesc twiotshhear ped cornered include three se
(rectangul anaglc theegceamgeoln)a.l , To understand the str

The second group investigated the effects of
and 185. 9Mp & 63 re[gp205 ]tTehd sbyr oup al socruessestt bas m
used in buildings, which are circular and rec
stress of aluminium on the behaviour of these

The third group investigated the effects of di
44.8 and 70.2Mpa repoéjt dddi bygZbop asdsd&dvtmeg m
sectuisoends in buildings, which are circular and
of compressive concrete strength on the behayv

63



Chapter Four Results and Discussions

The fourth group analyses the effect of diffe
and 5 mm). Thi s groupcalkssesctusoends t hebmobdi ogsy
circular and rectangul ar sections. To under st e
on the behaviour of these sections

4.3Modelling Verification

Model |l ing verification is a <cruci al step in
ensuring that the numeri cal model accurately
structur al engineering, wbhHhece shmubebhBonsuar e
components wunder various | oading conditions,
equations correctly, free from numerical =erro
Verification differs from validation in that
experi ment al data but rather on confirming t|
simulation. This involves iésbinsg Bhehmadebki mi
scenarios or analytical benchmar ks, where the
bet ween the numerical results and theoretical
mesh sens-st epegprimgr €, mer i ncorrect i mplementat.
I n this study, the process of modelling verif
such as mesh independence, time step converg
parameters wil/l be systematsi caarlel yr oabdujsuts taendd tion
numeri cal artefacts. This wverification proces
before it can be used for more complex si mul
results. Throagh riegdgomementestihegverified mod:
predictions in structural analysis

4.3.1Summery of Experimental Data

The experi ment alédqa@dive rer adeomptteedl hy verify the
models used in this analysis are identical i n
conditions.

This study employed the -eaperéementampsesudy woi
rectangslezt i omo ¢ $anfdiiies vwayl i date the finite el
was c.aTeuantdeedr st and t he s pveecriinfermc dl éaibsenilti nwgi 1ol f btel
bel ow

T The first four | etters indicate the shape
CHS is the <circul ar holl ow section. The fo
series
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T The

designations
repree@ends2i@MPa),

4.3.1.1 Circular Sections

(C70)
and(ag40 B MPapr esent

Results and Discussions

and

(C40) refer

To achieve this objectioMere tavbopgtigd.ul Blre spmprcd p e
and di mensions for the almddle nddadd2emErRpenr mept
were conduct-feidl loend ctonlceset@er oduce-sdt vemg-Te&ktoé a1l
heateated aluminium all oy.
To reduce overall column buckling, for all
empl oyed by selecting the Il engths (L) of each
strengths of concrete coreoyeqgudlo ttes40 Mha aroc
The concrete strength is marked by the |l etter
compr essi vtehctnrce regteh.cofr e i n MPa
Table4.1 Summarize of Th€HS ColumnTest[6].
Sampl Leng{Thick|Di ame L/ Dl D/t AluminicolegCr
P L (m{ T (miD (m t utfe(, MP ¢ F
( MP a
CHS70 450 2.53 150. 3 59. 267.9 4 4 . 8
CHS7Q0 451 2.54 150. 3 59. 267. 9 70. 2
Table4.2 Aluminium Property ofCHS Column Tes{6].
Testgroup Section Dxt (mm) Qg (MPa) "Q (MPa) O (GPa) - (%)
CHS7 150%2.5 267.9 282.9 64.9 10.1

4.3.1.2Rectangular Sections

To achieve this objecti{y BVertewoa droed teadn gtuH leeer
materi al and hceisme & spengeisee g &4i3a nTa bdde Experi ment
were conduct-feidl loend ctonlceset@r oduce-sdt vemg-Te&ktoé a1l
heateated aluminium all oy.

I n order to avoid gl obatlhdéurc&tliiogofofc aloummprosh i
t hcer essesct i onal i neguial ortro WBal ulTehe structur al
columns was analysed using two concrete stren
i s mar ked by t hbkgerloeautpt drab"e@"”, wihtihcihn i s fionl | owe
MP a
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Table4.3 Summarize of Th&HS ColumnTest[5].

WidtThickLengDept ConcrAIumin
Sampl B T (mlL (m D L/ 0 D/t "Qe t ube,

(. mm ( mm ( MP a ( MPa)
RHS1C| 44. 1.57 300|] 100 3 63.] 36. 1 263
RHS1C| 44. 1.57 300] 100 3 63. 74. 4 263

Table4.4 Aluminium Property ofRHS Column Tes{5].

Testgroup | Section DBxt (mm) | , g (MPa) . (MPa) O (GPa) | - (%)
RSH1 100x45x%1.5 263 284 68.1 9.0

4.3.2The Comparison Between Numerical Simulations and Laboratory Testing

To verify the proposed finite element model s
| o-adi al strain are two measurements which ar
mod el with experiment al studi esemAnal yeisngnans

the main aim of this compari son.

Tabehows a comparison betweencerghh e npdr e cdiecttedtF

| ni t Tabd4l5ec,l early il lustrates the good agr eeme
ulti mate | oad capacity and the results obtain
t hneu mer i cal a nadn ael xypseerst mensa@leci mens i ndicated
1 0.

Table4.5 Verification of Finite Element Mod€5], [6].

Speci|D/|Pexgp kN - Pred KN - Pexhhd®en | - I-
CHS7C59 1111/0. 607 1228.0. 50§ 0.9 1.1
CHS7(C59 1496/0. 51( 1643.0. 497 0.91 1
RHS1(G63 182|0.51¢ 193.§0.40 0. 914 1.2
RHS1(G63 296 |1 0.52] 296.50. 414 0. 99 1.1

Four coinlchred e al umi ni um tube speci mens were
experi ment al esat traa,i na nbde htahve ioru rl oweasist raalisno reevlaaltuia

comparing the experimental Fndgapreoposed FE mo
The provided current model format presents a
the present mo d el effectively shows the rel a

il lustrated how the FE currentghmoeledstcioarana
phases.
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It can be seen that the test curve is slightl

speci men. Such a phehameryo r eiass blhiak e lbyh etr @ song g u
di fference between coupon test data and actu
geometrical measurements of the coupons, espe
can ocausg sint ot aRgdcsteoessal area. Therefore, the

coul éaanbemaat freml t mechani cal response. The o©
mat hemati cal peol deente nitn toon ea, fwihreirtee t he number of
The finite element analysis solution is i mpacHt
nodes per el ement, el ement shape functions, [

el ement s. Except for these, experi ment al | oa

devel oped. FE model s

CHS7C40
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Figure4.1 ExperimentaMersus CurrenEE Model for Columns

4.4 Parametric Study

Experi ment al testing is constrained by high
experienced staff me mber s ; however,-efFfactev &l
alternative for conducting egnhiehiscaret paum@met r
After the FE models were validated, an extens
i mpact of various factors, including geometr.i
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aluminium thickness, omett herlmdmcodt.ad gl WBmMn §sC AsFtT

were modelled in this study.

The investigations are divided into four grou
on the betanefoi@lt!| eodf wa t h short haweif hieowmntolul
section shapes, different aluminium proof str
wall teéofc kalesmisni um tube

4.4.1 Specimens Labelling

The column for test specimens i s maed&ktidomosikap

aluminium tube wall thickness, and the stren

l abelling is explained bel ow:

T T6 indi ché e ¢-htibrPdbnlgt h ntarteeatiead ) a lhvemitni um al
indi cailTés (@8 Br@ahgt h rateartieal )alluemdatni um al |l o
T Second | etters are i densteicftyiionng sthhaep ea | uwmitnhi
the circular holl ow section.

T The second number specifies thesarmmmvali lum
thickness.

1T The designations (C70) and (C40) refer t
repree@ends2iMPa), and(@@@408B MPapr esent

4.42 Specimens Details

The parametric study psreecsteinotne dg rboyu pssi xwidti hf feeq uei
|l ength and volumsecti ohereiecehae cobssmns. 34
parametric 1 nvestheg dteicd s ettd cwmd esfh&GEpaEn)d @ otl uenn
performdheg consi st-s e¢ taito meshféfwagrdd. net T wecor oosfs t hem
circular and rectangular, which are two of the
The r emaisneicntgi ocnrso sasr ee ned d d ,pthiecxaagomadlunadnd oct a
det ai |l s ar e tadod febsbdife & d b4i9w; tthlreer ef ore, the di me
units, the alumniaoam( MPadpof astdr éde CRphpriessi v
( MPa) . Di mensi onasb | £esé46e dmlbdd9en e dvhieme D and B
di mensions of the aluminium tubes, L i.s col um
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Results and Discussions

Tabled6Speci menso6 Details of Parametr
. . L t B D A O val . .
Section Specimen (mm) | (mm) | (mm) | (mm) | mm2) | 3 T Q Qe
T6C2C40 | 215 | 2 - 6 6 | 3421.2| 33 | 13.03| 267.9] 44.8
Circular | T6C3C40| 440 | 3 - 1 3 514313.9] 45 | 13.03]| 267.9] 44.8
T6C4C40 | 765 | 4 - | 23543373.7/58.7| 13.02| 267.9] 44.8
T6R2C40 | 215 | 2 | 47.7 | 71.6 | 3421.5| 35.8] 15.58] 267.9] 44.8
Rectangulal T6R3C40 | 440 | 3 | 97.7 | 146.5| 14317.9] 48.8| 15.58| 267.9| 44.8
T6R4C40 | 765 | 4 | 170 | 255 | 43373.4] 63.7] 15.58] 267.9] 44.8
T6E2C40 | 215 | 2 | 46.6 | 93.3 | 3420.5| 46.6] 18.42| 267.9] 44.8
Elliptical | T6E3C40 | 440 | 3 | 95.4 | 190.9] 14313.6] 63.6| 18.42| 267.9] 44.8
T6E4C40 | 765 | 4 | 166.1] 332.3] 43373.6| 83.1] 18.41| 267.9] 44.8
Round | TBRE2C40| 215 | 2 | 437 875 3418.9|43.7] 18.03| 267.9| 44.8
Endeq | TORE3C40| 440 | 3 | 89.5[179.1]14311.1] 59.6] 18.03| 267.9| 44.8
T6RE4C40| 765 | 4 |155.8]311.7] 43371.5/ 77.9] 18.02| 267.9] 44.8
T6H2C40 | 215 | 2 | 36.2 | 62.8 | 3421.5[31.4| 12.97] 267.9] 44.8
Hexagonal| T6H3C40 | 440 | 3 | 74.2 | 128.5] 14313.9| 42.8] 12.97| 267.9| 44.8
T6H4C40 | 765 | 4 [129.2] 223.7| 43375.4 55.9] 12.97] 267.9] 44.8
T602C40 | 215 | 2 | 26.6 | 64.2 | 3421.5[32.1]| 17.68] 267.9] 44.8
Octagonal | T603C40 | 440 | 3 | 54.4 | 131.4| 14313.6 43.8] 17.69] 267.9] 44.8
T604C40 | 765 | 4 | 94.7 | 220.8] 43374.7| 55.2| 17.68] 267.9] 44.8
Tabled7Speci mensod6 Details of Parametr
Section | Specimen L t B D A 9 b ) Qe
(mm) | (mm) | (mm) | (mm) | (MmM2) | ¢ |
T5C2C40| 215 | 2 - 6 6 | 3421.2| 33 | 13.03| 185.9] 44.8
T5C3C40| 440 | 3 - | 131514313.9] 45 | 13.03] 185.9] 44.8
Circular | T2CAC40| 765 | 4 - | 23543373.7/58.7| 13.02] 185.9] 44.8
T6C2C40] 25 | 2 - 6 6 | 3421.2| 33 | 13.03| 267.9] 44.8
T6C3C40[ 440 | 3 - | 131514313.9] 45 | 13.03| 267.9] 44.8
T6C4C40| 765 | 4 - | 23543373.7/58.7| 13.02] 267.9| 44.8
TS5R2C40| 215 | 2 | 47.7 | 71.6 | 3421.5[35.8]| 15.58] 185.9] 44.8
TS5R3C40| 440 | 3 | 97.7 | 146.5| 14317.9| 48.8| 15.58| 185.9| 44.8
Rectangulal TORAC40| 765 | 4 | 170 | 255 | 43373.4) 63.7] 15.58| 185.9| 44.8
T6R2C40| 215 | 2 [ 47.7 | 71.6 | 3421.5 35.8| 15.58] 267.9] 44.8
T6R3C40| 440 | 3 [ 97.7 | 146.5| 14317.9] 48.8| 15.58] 267.9] 44.8
T6R4C40| 765 | 4 | 170 | 255 | 43373.4/ 63.7] 15.58] 267.9] 44.8
Tabled8Speci mensd6 Details of Parametr
Section | Specimen L ¢ B D A (_) Lol g "Re
(mm) | (mm) | (mm) | (mm) | (MmM2) | ¢ 1
T6C2C40| 215 | 2 - 6 6 | 3421.2| 33 | 13.03| 267.9] 44.8
T6C3C40| 440 | 3 - | 13914313.9] 45 | 13.03| 267.9] 44.8
Circular | T6C4C40| 765 | 4 - | 23943373.7/58.7| 13.02] 267.9] 44.8
T6C2C70| 215 | 2 - 6 6 | 3421.2| 33 |13.03| 267.9] 70.2
T6C3C70| 440 | 3 - | 13914313.9] 45 | 13.03] 267.9] 70.2
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T6C4C70| 765 | 4 - 2 3 943373.7| 58.7] 13.02| 267.9] 70.2
T6R2C40| 215 | 2 | 47.7 | 71.6 | 3421.5[ 35.8] 15.58] 267.9| 44.8
T6R3C40| 440 | 3 | 97.7 | 146.5| 14317.9] 48.8| 15.58| 267.9] 44.8
Rectangulal T6R4C40| 765 | 4 | 170 | 255 | 43373.4] 63.7| 15.58( 267.9] 44.8
T6R2C70| 215 | 2 | 47.7 | 71.6 | 3421.5[ 35.8] 15.58] 267.9] 70.2
T6R3C70| 440 | 3 | 97.7 | 146.5] 14317.9] 48.8] 15.58] 267.9] 70.2
T6R4C70| 765 | 4 | 170 | 255 | 43373.4/ 63.7] 15.58] 267.9] 70.2
Tabled9Speci mensd6 Details of PRParametr
. . L B D A O[] oa | . .
Section Specimen (mm) t (mm) mm) | (mm) | mm2) | T Q Qe
T6C5C40 | 440 5 - 135 |14313.9] 27 [13.025| 267.9] 44.8
Circular T6C3C40 | 440 3 - 1 3 5/ 14313.9] 45 [13.026] 267.9] 44.8

T6C1.9C40 | 440 1.9 - 135 | 14313.9] 71 | 13.025| 267.9| 44.8
T6R5C40 440 5 97.7 | 146.55| 14317.9] 29.3| 15.58 | 267.9| 44.8
Rectangular| T6R3C40 440 3 97.7 | 146.55| 14317.9| 48.8| 15.58 | 267.9| 44.8
T6R1.9C40 | 440 1.9 97.7 | 146.55| 14317.9] 77 | 15.58 | 267.9| 44.8

4.42.1 CrossSectional Slenderness

According t[lo6@HAIMISCcl3®6LDsi fy theegltemder noefs sciorfc
rectangul ar section shapes, -wédtcihomrav dihlealminé

360. Due to the Il ack of a slender r é@&drnegs of

sectioniitn wasdease,cessgarnyhe classificatiaonnd spec
substitute the aluminium value instead of t h
researchers i p3,ppévVAoucr dcitrugditee Al SC 360, t he
sectelbasasfeader, oomonmman@gth ed gatoisen i s cl assifi
sectt bda ainfewar hit oknebBsggae&xi biladmecisbassified a
noncompactt heexetce i maml i di amet eri Biog gweasp | tahhatni t b we s
than Theectisbassified as compact when the rat
| essopt. haArc coTradbilnegi mtlot ha structur al steel buil d
2016ar eAsduie study was conducitaende toenr a or awnaglel otfhi
of rectangul ar and circul ar section sampl es

secttavnshodoaplén

To discuss the effect of the tube thickness pe
with a constant value of the external di mensi
This helps us to underemandanige of f e utbeoft hu ik
al so contain a range of diameter to wall t hic
that include compact, noncompejatat i amd ¢If e moadne E

41t o Eqd43tiaore usepdicrescs| aecitfi oraail relbkadeshapses
classificaecbhontl csbeader mesBqu wiEmqmuatdg angul
to Eq4abptaome used
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1 @)
For circular sections: 1 T[@—Q 4.1
, ®©® 4.2

)
; L mee s . L TEY (O
- AGEIBROI Eogg—?\ 4.3
For rectangul ions: 9 4.4
gular sections: | c& o =

© 45

] (0} ?2
4.6

N ¢
-AgEIBAOI EO)OAeﬁ

Table4.10 Detailsof CrossSectional Slenderness Classification

Section Specimen > 3 or Maxwpum AIS.'C36O
permitted| section type
T6C2C40 33 36.338 | 46.02836 | 75.098 Compact
T6C3C40 45 36.338 | 46.02836 | 75.098 | Noncompact
T6C4C40 58.75 36.338 | 46.02836 | 75.098 Slender
Circular T6C5C40 25 36.338 | 46.02836 | 75.098 Compact
T6C1.9C40| 69.05 36.338 | 46.02836 | 75.098 Slender
T5C2C40 33 54.14 68.57 111.89 Compact
T5C3C40 45 54.14 68.57 111.89 Compact
T5C4C40 58.7 54.14 68.57 111.89 | Noncompact
T6R2C40 32.82 35.1758 | 46.6935 | 77.82264| Compact
T6R3C40 45.85 35.1758 | 46.6935 | 77.82264| Noncompact
T6R4C40 | 60.767 | 35.1758 | 46.6935 | 77.82264| Slender
Rectangular T6R5C40 26.31 35.1758 | 46.6935 | 77.82264| Compact
T6R1.9C40| 74.13 35.1758 | 46.6935 | 77.82264| Slender
T5R2C40 32.82 42.9 56.99 94.9 Compact
T5R3C40 45.85 42.9 56.99 94.9 Noncompact
T5R4C40 | 60.767 42.9 56.99 94.9 Slender
4.42.2 Column Height
Column specimens used in this investigation a

buckl icod@ umhfso caunsd o ns da chtei ocnr osstsape effect. Al
according-19®aAClshd1s whitaefmnren used to indicat e
strength equal to -shatioomplUhedsfendéetsessosa
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are under 23R2ot(fmraced uangnai nst si decswaygp) fiedc
short adadbhewdvhiedr e t he radi usegafatd/yornati on i s

o 4.7
5

Table4.11 Details ofColumns Height Classification

D t A Radius of 0 & | Column
Section Specimen | (mm) | (mm) (mm) I (mm®) g{ratig)n T height
mm

T6C2C40 | 66 2 3421 | 931422 16 13.02| Short
T6C3C40 | 135 3 [14313| 16304443| 33.75 [13.02| Short
Circular | T6C4C40 | 235 4 | 43373| 149707088 58.75 |13.02| Short
T6C5C40 | 135 5 [14313| 16304443 33.75 |13.02| Short
T6C1.9C40 135 | 1.9 |14313| 16304443| 33.75 |13.02| Short
T6R2C40 | 71 2 3421 | 650380 13.787 | 15.58| Short
T6R3C40 | 146 3 [14317| 11389070| 28.2035 | 15.58| Short
Rectangulal T6R4C40 | 255 4 | 43373]| 104514294 49.088 | 15.58| Short
T6R5C40 | 146 5 [14317| 11389070| 28.2035 | 15.58| Short
T6R1.9C40 146 | 1.9 |14317| 11389070| 28.2035 | 15.58| Short

4.42.3 Ductility Index

Il n structur al engineering, ductility is an in
describes how efficiently a member can handl e
to bear weight or st r[uwctjur al rigidity all of
The ductility index cansipé acementiantghd® €8 Hlyg di
byqu() . as shdwh. i hhus,gutrlree dagoubitdi.[@4] i s obt ai ni
Y 4.8
OOy

Wer e

AKO.85 is the displacement at (0.85 from ultim

Au is the displacement at wultimate | oad
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Figure4.3 lllustrate ofDuctility Index[64]

4.42.4 Material Properties

The experimentally determined materi al charac
by 6dn[d2were employed in thiTabfil=amearnedi pvep:
for -B®6dndl560E 3 mi ni um all oys.

Al uminium materi al is a sort of nonl inearity
stress point, so the stress in 0.2% plastic s
this study, which is a wideluy @adhept egd ou@n d e te
four are Médéhvighbfbh wmateartieal Jalhueam@atni um al |l oy
(20Pp&))xperi mental data showed that the (-T6) tu
strength had -sat rnaoinnl irneespproosssteregesssgi bh ae67. 9 MPa.
GroTwm usi T gO®3I mal strenghhecabéumah) umeat | o
(MC2NW) , which i s -sntaden gotfh aa lnuwmimail wWim nt eudbre , s tdri es:
strain behavi[@brlwipmbsatdruesesd dofy 185. 9 MPa

Table4.12 Aluminium Property of Parametric Studi§][25].

Aluminium alloy Q (GPa) » & (MPa) » 6 (MPa) (%)
6063T5 67.1 185.9 207.7 10.4
6061-T6 64.9 267.9 282.9 10.1
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r speci mens of group one, group two, and groc
ual to 44. 8MP&§) was prdepe retded oby t he concrete
ecimens of group three, the compressive con
6] was adopted for the concrete infildl

4.4 3 Effect of CrossSection Shape (Group One)
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mmonly, stub columns are utilised in both e

effects of gl obal buckling and thus isol ate t
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mpressi onnectTihenalr ogeso mieit Ir lyemdtce hsutmi nicual umn s
an i mportant factor that controls the inte
ncrete core, thus affecting ultimate | oad,

e present group of experiments is aimed at
essesct oonsal umiinil wen concrete stub col umns un
mpari son of these different-sgeotmenmil es halpleo\
t headrywidng capacity, confinemenéesaeftftbscwehty
l'y clarify the mechanical bceohnacvriead uer) ocfo | tumen
ryi ngectrioerss but al so help provide the corr
sign approaches fofiedheomajetiet ghot taimembmei t
ctions for the target requirement.

i s group presenectisonx grnddmes ewitt tregsi val en
ickness, and volsuentetasoenfsehencer col amnsr 6 s ma
mp aa austeeh e same material properties for all

re used in this groupet¢tbi amdehapandf hewt &t
haviour. This group branches i ot essescwanothhrsanc
l ygosecrioesp wiormeslsar Thec rcessese & dnocol su dreo ucni dr ecdu
l i pt i c aeln deadesdescrt.oi uohide s &€ r essascvididovnes t he f eatur e
ter edges are smooth and rounded. The main
gree of curvature I mpacts the performance o
ad, stiffnesor,t,anuwnrdaicnifidridceyd fooancrhet e col un
t of investigations hawleurmres nf idlolneed swi cutr a lud
ttle attention has beesne@tuitorosn, cwh iuannm,s awli tt ho
handling architecturalcoameresetr setcan @ansapipl
xagonal , saencd iogacdsaglolnmalchange the confinement
en compared to smooth or rounded sections
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4.43.1 Results and Discussion

(A)

Ulti mate | oad

Tabd4led ndi cat es t hsaetctdiorncsulaalrwacyrsososut per f or med
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sltnu dciierdccul ar sections, the compressive st

ri meter, which reduces | ocal stress concen
ushing. This geometric advant agne-twehd ccrkense sess |
ti o changes, because the circular shape can
wider range of. sLeadiengessressdgiiomneciol awmna

ual

di stributioneacrbobbBgstaeoiethit ngesprees meco

rners of pnotgloenrali mphaarpteasnt reason i s the coc
c ofmic lralé audni tnu luems , tahleuntisnheutm ampr ovi des nearly

nfi

nement to the concrete core. This i mprov

ncrete, allowing the column to sustain high
i f orm isnecat i@ilnryonittindduen and concrete core inte

ot

d

her sections, where the confinement i s n

col umns hawvsencgt iedns p(tTecEBAC4dr,0sSTS6 E3C40, T6E

decreases of 6 %, 5 %, and 3%, respectiv

ivalents. The small decr easessi sstoenrec yd uien tou

ich slightly | owers the small est moment of i
ress distribution. The circular section has
ometric stibfnagpyained Bhkessambdi B gives it a
mpression and stress concentration. By cont
nor axes, so the curvature is not codstant
ries with direction. As a resul t, t he momer

cti
e
e

we
mp |

on becomes weaker along the axis with th
ol umns-enadedsgegcoeemd ( T6RE2C40, TG6RE3C40,
ounded ends i mprove perfor masnsc eatb yc olronvesa

er , el |l i pti cadecatnido nr ocuonldu mnmrsd erde ncarins sl e s s
et e cdicrod wimaorstensdid @ e secti ons, although smo

c
creases of 5%, 4 %, and 4 %, respectivel vy, CoO
r
Vv

uare sections, stild duwrcdatder @ riannsndti ome rrfegc
gions slightly disturb the stress fl ow. Thi

mp |

e

ete circle.

col umns havi ngeca i lbax agloonH2IC40r, osTss H3 C4 0,

reductions of 10 %, 11%, and 9 %, respectivel vy,
e octagonal changes (T602C40, T60Q304AL®, TacnQ4

Th
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9 %, respectivel vy, compared with their circul a
hexagonal or octagonal, the presence of fl at

is no longer carried as smocahhlryydasei hhehef €t
efficiency even if the total area is similar.
concentration and can trigger earlier localiz
wal |l edmemb.atl ar

The columns havi-sgctriecnsan@lh6éR2C4L£0,0sB6R3C40, T

|l owest efficiency, displaying reductions of 1:
circular reference equivalentle dbesicdesabbé
i n hreoment of inertia (at | east across the we
direction, and sharp corners, which act |ike
damaging failure.

The columns hav-segtpohggowhi cbrbase sharp edg
a | arger number of corner s, |l i ke octagonal S
compared to hexagonal shapes.,orwllirctibasix cadd yr &
the theories of stress distribution from str uc
of edges closely correspond to a circular she
decreasing strtesshamomceatmants onwhare stress r
beneath axi alhaa@mpcroersnseirosn.i n polygons having
having four edges) -sdmeastse adg emcse ntdreactreeda sh ingh [
u
t
0

l ti mate | oad. The hexagons, having six cor |
ransifoorsmatwhi | e octagonal shapes, having eight
f load, reaching the uniform strength found
The higher ultimate | oad obsercMeadnsn saohumrss
el l ipticelndeandsercaumons can be attributed prir
under compresseodged Undli Kkgeomsadlacpetcti @ensdocoote
corners that i ntensify | ocal stresses, so th
peri meter. This reduces premature | ocalized vy
zones, all owi ng trhgeerc od ammr & s iswe tlaod and abdfaor e
Tabled13Speci menb6s Details) and Resul

. . O Chan

Section Specin 3 Prea ¢ DI %

T6C2C4 33 297 3.0 1.9
Circul arl TeC3C4 45 110 1.9 1. 2
T6C4C4 58. 302 1.8 1. 2
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T6R2C4 35. 262 1.5
Rectangul ar T6R3C4 48 959| 1.5 0
T6R4C4 63. 267 1.4 0
T6E2C4 46 279 1.7| 113
EIl i ptic T6E3C4 63.|10514 1.5 1.0
T6E4C4 83.|12933 1.5|] 1.0
T6RE2C 43.] 280, 1.6 1.0
Round End T6RE3C 59.]1064 1.5| 1. 0(
T6RE4C 77. 291} 1.4, 1.0
T6H2C4 31. 268 1.7 1.0
Hexagona| T6H3C4 42.| 982, 1.5| 1.0
T6H4C4 55. 274 1.5 1.0
T602C4 32.| 270, 2.4 1.5
Octagonal] T603C4 43.| 998, 1.6 1.1
T604C4 55. 2755 1.5 1.0

(B) -dxiaadl deformation curves

The resudxialg deofaadr mati on graph was detd érmi ne
aluminium tube column spepec¢hi og4isie wipil hydi t her e st
achieved by ABAQUSE (2019) wusing the current

During the elastic area, the initial stiffne:
variation with respect -ttaalslectthionlkne s apR/ tat
i Ri g4 &) . It is because of the dominance of gl
of the combined materi al and the little effec:
On the other hand, at greater D/t ratios, t he
sections as camparee & dwisgetet 8 loan®p][. The enhance
i mpr ogvedrde nigst ance in curved sections, whi ch
nonlinearity by enabling an even radial di st
stress in corners.

The wultimate | oad of columns displayed some Vv

to the previous paragraph.

Table 4. 1lwdctprioved sd gni fi carstelct i emh a&rbdAa®i t h
T6IL4T64C4 0 Bah nceiemalmleuct i | i t3y. 031deY® peefci fi cal ly
(193 %12 9 %23 %) es pe,drtiighheelry t han rceacn@ondw(ihiesR 2sCaAc0t,i o
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T6R3C40, . Db&eRACEE) of the better radial conf i ne
pogteld absorbing energy from higher shear tr

The elli-pecthbnccobeamns TABEQCLAY, wiTtbHE 3ICA O, easi
index of and. 71,) »k.pHEKI3i%0B ahll.30) respectively h
rectangulcaont s ®d¢ t Tdooeb w mmhdse. d -scer cotsiso n CREI2 C®s (T
TRE3 C4TORE4 C4 0) with increasmgdaddubd®i Isipteyci if mad e
1 .5%,1 0@,anld2%) hi gl éree ctthaamng ud anmt 3 & lertrensepne dh e vel y.

i mproved ductility-eomfdetdhe oédlulmnpst i calscameadtin d urcc
stress concentration, better confinempetik del
response. The ellipticalt ssgeoimen ryempfronvmeddb e :

flow and the most effective deformation capac

The hexago®e@atlti ocr o688l umns (TrTeeHHR2CCM4 ), WIibtHB Cd 0 ¢ r

ductility inded. 584) ( 4plgd0of BA®@adMOY .Y%)Y hi gthlee t ha
rectangul ar csod autmesip e cTohnev ecbyct i | i syect hompotygbon
increased linearly with the number of edges,

which decreases stress concentrations at an
di stribut.Tnsycahdibregco age®msaedtciroonsas{ T &®@d Wah,s
T603CM460Q04 C409m weadienasductility anHdeX7)fsge&cidfri, c
(15 %,11%,anld.8®) hi gl drree dthaamgud @amt s @lcrt & sopharantnisv el vy .
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Figure4.4 Load-Axial Displacement Relationship for Group One
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(C) Mode of failure

One of the important things in columifiiilhedst.
alumi ni umAT ubstl b ¢ CIFumn speci mens, the mode
of the materials that comprise it (in filled
column that | ed to t hAT)f ioll wrmn mwececlca Mmesyw.s S o
buckling), and it may be sulbdciomichlkedmnei.nt omsheh
| ocal buck]I i nngp roecscsuirosn dfuaei ltuor ec od-fi guhted icppinrce et «
410 comparative study of the typical failure

cressesstions tested iwi tphr.oawiidadd compr essi on

Al l the speci me-as c$eixbhh ©€coibrecdueltaswi derimuosshsitodigh emi d d |
col uhnenn gt shaodwmdi @ f stress ,clwiutdh darmgreaexmcept.
noncompascetc tciroons scol umn T6C3C40wi whi © htolteiemied d |
col hmnaghtsheéwgalrle This condi ti onnadmaadmnpad cets drha
sectitome shear capacity of an aluminium tube I
a tympdrarlet gpgadrtesghmi.ng

|l n cohawinrsg el sSeptdi @mmdésr, € r asairadcdchyiwnrgeldi n t he mi
ot hceol thran.g hTthi s occurrence can be attributed t
and the ability of the el latpttileal misedlteé oheitg
axicoalmpression, thus increasing the | ocal i nst

Rou-added secteixcthn bodlewmensatcrdu shiemrgegnt pl aces ac

height, dependent on the D/ taD/att i=0.4 8 00n @& rhreed tsipa
cr uscde gl op eld tabteo | lhran,g hsthowi ng a ewictta omt a mk ywh
instability occurs in thelmetghe ns pdcihmegrh e(sTt6 RE
59. 68comdi ot ®cacruo g etdmgol oadi ng plate, indicat.i
and an inct eafseldoadpapplication and end constr
Thel endepreestmen ( T6RE4C40d0i,s haaywade tDh e ENi 3 ,
support pl at e, in which concentrations of st
instability.

On the other hand, sampd¢tisomavs mgwedc ggngdomeaatil & &
crusthoagsntelde mi ddl e hei ght , regardless of the
explained by the even stpfédnespadistofbpbdlggo
promote asymmetric stress distribot fcoonnpt rleetaed i
crusaatnigon that i s not asseaedficencar hgssidvvenr etn
range
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Figure4.9 Mode of Failure (Hexagonal Section Columin&roup One)
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