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Abstract. EI | i pti€all |l ednctette tubular (CFST) column is
aesthetical prepdaolrmamd estbemetfutasl. The ultimate axi a
elliptical CFST short columns. However, there are cc
a difficulty in detergni hhagubhtismapéeaxioadl! | 6ad of ed
This study aims to propozsye iamf efdnace enystaclmpt ANEIl D)e
ultimate axial |l oad of ellipticall SCm®TOedhorst us@ldu mrm:
relationship between the ultimate axial |l oad and ge
Accordingly, a total of 188 experimentalt andlewdlmup at
the ANFI S odel s. The performance of the proposed
formulas. The results show that the proposed ANFI S
formulas. Fitndllrywl an aexplai &raphical User Interface
ANFI S model for practical wuse.
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Fig. 1 Elliptical CFST column under axial compression load
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Based on the idea of Auni fied theoryo and the
col umns, the author proposed a new uni feited equza
al(20tayried -©iux gpeaitme ps i ofl CFST columns to
compressive behavior. I n addition, the4 study
provision (2011) for predicting the wultimate aj
data fittiicrmd ofi mdmdari on results and the idea o
(2011)(20Sthsemposed another formula to calcul ate
CFST columaeusEsthenhe same formul a tompprreesdsiicvte t |
strength of the elliptical CFST columns as t he
calculating th®&) uniReicedtIsyredpmbd (and Liang (
confinement model for determining the | ateral s
col umns. I't was incl uédeadeidn molde !l c d mp utt dhtei cmrmoanll i
el Iciagt iCFST short columns wunder axi al |l oad. The
accuracy of the computer simulation method. |t
mo d e | for elliptical CFST col wmnenswhy icehl dwse rmneo rneo d
for circul ar CFST co-bamad. mbMde ke owvears, btelteen fdiebron
computationally efficient and accurate simul at
Besi des, a design equauionmaae gkvah toadebér mi
col umns. The results showed that this equation
The detailed expressions of t hd 20@9nuy | aarsd dzehvee |
(2011) , ea madlyBXmOoOl5Ahmadddand Liang (2020) ar ¢
Tabl e 1.

4. Numerical modelling

I'n this section, a FE model i s devel oped to
columns wusing ABAQUS softwar e a(g2al Inds)t. tThhee eFBE emc
results (eda2adl 3,de il a2ady0 8 ) by comparing ultimate
| ocadi al strain behavior.

4.1 Material models

4.1.1 Model of elliptical steel tubular

The i dealsitzead ns tnroedsed proposed by Liang (2009
pl astic behavior of steel elliptieakptebehas, tWw
axi al strain,iimdstcadle sedtldmetitoansgsi-,t@tid ntah e ag tersa it rh «
strength of steelisathehgi gl dl ¢d'Qp aadmdsatt atkleen stsr
0.005 for st puacftourr alli gsh esetlr eamngdt h -s)t eiesl .t alkheen ual st
and 0.2 for structural and high Ofraemdt Rosseeh'
rat'’) oof the steel W#grdeacd o6k.edh, arse LP0dc t0ioWe | vy .

I'n t medEE, the esgraearicungvet onéssteetr was con
plastic strain curve by using Eqs. (6) and (7):

, . p - (6)
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wheyre and are the nominal engineer:.

ng stress
respec,t i amldy,are the true stress and tr

ue strai

4.1.2 Model of confined concrete core

Thiedeal i sed model of the confined concrete co
strsetsrsain response is character,OaAgdi sntexpt bkhbeeecrc
foll owse(.N®dBBecetPhadIdb) :

Q=_-—

- - 8

- P —

The second and third peatr2&ll@&)an be expressed as

R Q “Q = = .
0 Q —— "Q¢ A - L -

o T o D ©)
o) 04 - L -
o - -

The related parameters of Eqs. €8 )1D48n8d, (P9a)t edr |
et.28€116) :
0O
-5 2 (10)

0O 00C® Qwmnitd @ (11)
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4.2 El ement types, boundary conditions, and int
Al t hough both solid and shel/l el ement type <co
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m should be used. I n addition, the concrete el
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Tabl e 2 Compar i sooand obfe tuweteinmaRE raexsiuallt sl and e»
. , . . . v . 0k
Specirru O 0 Q Q U (U 70
(mm (mm (mm (mm ( MPe¢ ( MP&¢ (kN (kN
150xBAX300. 150. 75. 4.1 376. 26.¢!839.835. 0. 9!
150xHBC 300. 150. 75. 4.1 376. 47.:974.983. 1.0
150x A8 300. 150. 75. 4.1 376. 84.1!'12651206 0. 9!
150xBAX300. 150. 75. 5.1 369. 26.¢981.942. 0. 9t
150xHBC 300. 150. 75. 5.0 369. 47.:10841063 0. 9¢
150x A8 300. 150. 75. 5.0 369. 84.1!'12961295 1. 0
150x7&8 300. 148 75. 6.3 400. 26.¢11931168 0. 9¢
150x7824€¢300. 149 75. 6.2 400. 84.!'14831530 1. 0.
Ci15030 300. 150 75. 4.1 431. 35.({900.929. 1. 0.
Ci15060 301. 150 75. 4.0 431. 49..:11391173 1.0
Ci150101299. 150 75. 4.2 431. 92.:12391278 1.0
ci20-030 398.197.100. 5.1 347. 36.1i12321246 1.0:
ci20060 398.197.100. 5.1 347. 53.1!'17371683 0. 9t
ci200101398.197.100. 5.1 347.102.21162120 1.0
Me an 0.9
St D 0.0
CoV 0.0
Table 3 Statistical properties of the databa
0 0 o "Q Q 0
(mm) (mm) (mm) (mm) ( MPa ( MPa ( kN)
Mi ni mum 160. 85.4 57.0 1.0 201. 25. 0 389.
Me a n 344. 173. 89.4 4.9¢ 378. 67.015914
Maxi mum 698. 318. 155. 9.7:2612. 102. 3334
Standard 101. 37.4 18.5 2.0« 62.6 25.5 745,
Coefficien 0.2¢ 0. 0.2 0.4 0.17 0.3¢ 0. 4"
Lam010b) . The nor mal contact i's set as
ends of the steel tubul ar and concrete
di spl acement the | oaded emdit Bohd &ahe
reference point (RP) which is coupled to
axi al di spl acement is applied to the
step is adoptcodhdi Theonb@awmmdamyt eracti on
5.

4.3 Analysis

To

provi de

an

i ni

procedur e

ti al

i mperfection

mo d e

6Har d
core
bmpaosd

reference
cont act

shape,



OI—PHHB—'—!\
O 5330 S5 0

Frequency

Frequency

Frequency

Application of ANFIS to the design of elliptical CFST columns

50 50
a) b)
40 | Min.=160.00 40 f Min.=85.40
Max.=698.00 > Max.=318.50
30 | Mean=344.2 2 30 | Mean=173.85
Std.=101.04 % Std.=37.44
20 t Cov.=0.29 Qo 20 f Cov.=0.22
o
10 10
0 0
0 200 400 600 0 100 200 300
L (mm) D (mm)
50 : 40 .
c) Min.=1.00 d)
40 t Min.=57.00 30 Max.=9.72
Max.=155.00 > Mean.=4.98
30 | Mean.=89.41 2
Std=18.51 % 20
20 t Cov.=0.21 2}
a8
10 10
0
0 50 100 150 0 2 4 6 8
B (mm) t (mm)
60 60
e) e)
Min.=201.00 Min.=201.00
40 Max.=612.00 > 40 Max.=612.00
Mean.=378.21 2 Mean.=378.21
Std.=62.67 % Std.=62.67
Cov.=0.17 o Cov.=0.17
20 @ 20
0 0
0 200 400 600 0 200 400 600
f, (MPa) f, (MPa)
Fig. 8 Distribution of data information
each column model The gl obal buckling mod:
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shape wit ho¥amii Ghhapnl @ at ruddnee r wfiReDl0B 3 , t he wal |
kness of the steel tubul ar . For the param
ughout . I n the sceamtnrdolsiteed ,s ttatei odiasmpd laycsinse n
nonlinear bCeFhSaTv i solro rotf ceollluinpntsi.c aNot e t hat t}
idered in the FE model
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4.4 Verification of the FE model

The verification of the FE model is presented against the tests conducted by Yang et al. (2008)
and Jamaluddin et al. (2013). Figaed 7 show the comparison of the axial load versus axial strain
curves of the experimental and FE results. Additionally, the comparisons of ultimate axial load
between the experimental and FE results are given in Table 2. The results show that the FE model
developed in this study could provide a feasible and reliable prediction for the ultimate axial load
of elliptical CFST short columns.

5. Database

I n this study, 92 experiment al datasets of el |
tests ondett afi2098)Yanghao and Packer et20®019) , C
(2010), éan2loudBdi,n Uenakh. 6BPAU predC(MAY7) . I n th
dat abase, only the el liptical section speci mens
and six geometric and materi al properi)i,es hweer e

maj or axi® ,ditahnee tneirno(rd) axt be di Aimekeres § ,o0ft htehe =
yield strengt h'Qo,f arhde tshe edonmprbeud&irveg strength
Additionally, based on the validat etedaskE smmodel

el liptical CFST short columns are generated. He
to keeip oFdtreati os wit hi n'Qtshter elsismiitns tohfe trhaenge o
suggest edat . by 2PCal 6e)l. Fropurre scsa nvcer estter ecnogt hs of 70,
were considered with two steel grades of 355 a
three times 1Oheofgr tesleecaciroons sttoh a(voi d the overall
as end onendiAts a resul t, 96 FE datasets are genct
combined the experi ment al and FE datasets are
that the database involves aawiddeowmpriessyvef sth
concrete f esrtrieatgh tamdadhihglconcrete in the rang
MPa and 25.0 to 102.26 MPa, respectively. The
mm. The major axi ®t deamet8dbr 4Ds mmamagpald 3L8. 50 m
di ameter is varied from 57.00 to 155.00 mm. Th
1.00 to 8.00 mm. I n this study, the concrete co
Nevertheisesdsound out that some experimental St
the compressive strength of the concrete. For t
was approximately converted equalnlgyhtbytlmeansne
the conversion f acetora( 2sOulglg)le.s tlerd D mnbairnyg, t he
properties of the database are shown in Tabl e 3
6. Adapt ifvuez znye uirnof er ence system

6.1 Basic structure

The adapt#Hiuweynewmdference system (ANFI S) i's a
merges the recognition and adaptabil inmakianagpaci't

capacity of the fuzzy | ogi c s ybsyt enman yA NsFeluSd iheass (|
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X1, Xy

v

Layer 1 O Layer 4|

Fixed Node Adaptive Node
Fig. 9 Basic structure of ANFIS model

I Layer2  iLayerd  XiXe

Table 4 ANFIS rul es
Numbet Rul e

| O i p anéd i ¥p and i ¥p and i Hp
Rul e N N
and i ® p anéd i ¥p t h®i $0,

| f0 i ¢ and i ¢ and i ¥¢ and i B¢
Rul e 0w N
anéd i ¢ andd i ¢ t h@i $0,

| f0 i 0 and i 0 and i 0 and i Ho
Rul e n N
and i 0 and i 0 t h®i 90,

| O i 1T and i 1T and i 1T and i D1
Rul e n N
and i 1 and i 1 t h®i 90

| fO i U and i KU and i HU and i Hv
Rul e N N
anéd i U and i v t h@i HHO

Rul e I i ¢ and i ¢ and | d¢ and i Do

and i ¢ anéd i 99 t hdi $0

alz2020,anBlaswal 2080.20RMgr. i da&'thie basic structure o

Fig. 9.

As shown in this figure, the first | ayer gets
val ues. This | ayer has parameters that <control
first |l ayer are the pridrMFyaliwme sacafortdhaen cree mii & rhs
fuzzy system. I n the second |l ayer, the MFs norm
|l ayer captures the rule base of the fuzz i nfe
the out paft st veal MESS® wei ght s. Finally, the fift!]l
whol e model . I n order to explain the architectu
O anao, and am otuiop OME@zryul es f odegeheSufhenst fuzz
model , which are expressed in Eqs. (23) and (24
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Table 5 Gaussian membership functionds param
Input s
MF s Par ame - - - - -
@ @ ()] @ @ ()
c1 " 0.12 0.08 0.04 0.12 0.16 0.20
w 0.09 0.29 0.22 0.08 0.128 0.04
C2 " 0.08 0.07 O0.11 0.07 0.05 0.17
w 0.49 0.52 0.08 0.67 0.45 0.70
c3 " 0.09 0.06 0.05 0.120 0.07 O0.15
w 0.28 0.30 0.21 0. 44 0. 44 0.79
ca " 0.05 0.02 0.10 0.13 0.09 0.16
) 0.26 0.30 0.21 0.37 0.49 0.23
Cs " 0.06 0.07 0.09 0.06 0.02 o0.11
) 0.36 0.38 0.32 0.52 0.44 0.63
Co 3 0.09 0.08 0.08 0.07 0.07 0.218
) 0.50 0.55 0.51 0.66 0.49 0.80
Table 6 Weights of the rules
Numbei Wei ghtds relationship
@) (6p ) Tép () T6p () Tép () T6p () Top ()
@ (6¢ ) T6¢ () T6¢ () Toc () Toc () Tog ()
) (60 ) T60 () Téo () T60 () Téo () 160 ()
) (6t ) 16T () Tét () 161 () Tét () 161 ()
) (v ) TéL () Tév () TV () Tév () Téw ()
&) (69 ) 169 () T80 () Tég () Tég () Td¢ ()

wheoeo, 0,

a

€,

6. 2

Cl

and
and

Rule1:1f® is0 and® is 0 ,then™Q & ®

Rule2:1f® is0o and® is 6 ,then™Q & @

anndr e

-Slubst er i

ustering

patterns

ng

andr e
t he

S a
n

t he

t ask

t he

MF® ahadr
parameters of

approach

€W

€ W

nh

nh

(23)

(24)

reppesdi ved,y, and
t he

ou

of assigning

dat aset s.

tput functio

the dataset

The maalilust hof paoic

the cehtstoémdi nduibs based on classifying eac
met hod assumes that each data point is a |
each data posiinty boafs esduron utnlde nde data poi nt s
ts with the highest remaining potenti al as
ts near the new cluster center are destroy
ter is critical for determining tAleso,umber
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small er radius |l eads to many smaller (CChiisters i
1994) . Ma mdan i (1975) andypagenBet{ H@S8E) Elae e Su gve
system is more compact and efficient than a Man
detailed descriptions, the reader2at2a0ne S uanb r ef
2020, Vakihehadii 2018) .
7. Performance indices

To evaluate the performances of predicted mo
coefficient of, dether miomat i nna WO sajiuda Qe QQ@arreor  (

used, wehxipcrhe sasreed as f ol |l ows
Y B o ¢ h 25
P (25)
Y YO ,;;E o ¢ h (26)
Gc T 08 Q0% 27)

V]

wheoand are the target @nsdanmppleed,i crt&éesdp evtahl euvea Logip e r
of sampdems,s dme sumati on of samples with the r
value falling betweeent DDIBD, aalidtokmi2D 20RO Maghani

8. ANFI'S model for elltimbieabxCBETI shdrofcol umns

8.1 I nput and output variables
Il n order to develop the ANFI)S mbeéelmajohe akémsg
(O , the minomw) axibkbedihmekeesqd ,oft hehgdedwe!| oft ub

steel "®ubuwlnadr t(he compr essi vwe rset rceonmgstihd eorfe dc oansc rie

The output variable was the wultimathd .asxinalorldeac
to enhance t heNFdcSc umoadceyl oafndt hteo Aavoi d unexpecte

process, the database were normalized within th
i mpl emented by dividing each value of i nput
mi ni mudn nma xi mum, which are expressed as foll ows
O ® .
®w ——————h (28)
® ®

whete s t he dadt a s samel enor mal itz ed n dl ataar es atnhpel e,
mi ni mum and maxi mum values of considered par ame
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Fig. 10Y value of diferent ANFIS models

Fig. 11 Y 0 "Y'@alue in kN of diferent ANFIS models

Fig. 12Ranking of 'Y



