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ANALYTICAL MODEL FOR COMPRESSION BEHAVIOR OF CONCRETE-ENCASED STEEL

STUB COLUMNS
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ABSTRACT

This paper presents an analytical model for predicting the load-deformation relationships of concrete-encased steel stub columns
under axial compression. The model considers the concrete confinement effects, which increase the compressive strength of
confined concrete and reduce the web strength of structural steel, and the buckling of longitudinal steel reinforcements. The model
is applicable to the composite columns that use any doubly-symmetric structural steel shapes. After validated with previous test
data, the model is used to investigate the effects of design parameters on strength and ductility index of composite columns.
Moreover, a simplified equation for predicting the compressive strength of composite columns is proposed.

KEYWORDS: composite columns, concrete- encased steel columns, concrete confinement, compressive strength, load —

deformation relationship

Worakarn Anuntasena’ and Akhrawat Lenwari®

'Doctoral student, Composite Structures Research Unit, Department of Civil Engineering, Faculty of Engineering, Chulalongkormn University

“Associate Professor, Composite Structures Research Unit, Department of Civil Engineering, Faculty of Engineering, Chulalongkorn University I 79


mailto:Akhrawat.L@chula.ac.th

AINITIUAIT2UUIFIUATWAUN Uil 31 altuil 3 nangrau-fueney 2563

Engineering Journal of Research and Development Volume 31 Issue 3 July-September 2020

1. unin

2 9 9 a 3 o & Ay Yo a ' '
IAUHANUUAIYADUNTA (concrete-encased steel columns) Lﬂumnaﬂwaugﬂummmw‘lmummuammmwswma

q
1]
A a

! o 4 < o o
Gluﬂﬁﬂ'ﬂﬁ%}N'ﬂ'lﬂ']iqxi Lﬁ?iﬁﬂwﬁugﬂ!Lﬂﬂﬁﬂigﬂﬂﬂﬁjﬁﬂﬂ@uﬂ%ﬁ maﬂgﬂmimuazmamﬁu IﬂﬂlﬂaﬂgﬂWiﬁm‘ﬂ ‘(’JﬂJGI,‘%}

@

9 Y o (J @ ' o 2 = o
Usznoudis nihdagiaalo (I-shape) @210% (H-shape) 118z MU (cross-shape) YaiauvpuenIgguanguuiiaeiingg
Suusevage Innudumuasnusawwudau 1va mansznunnsansouazanzmnansouia

av a AR 3 9 9 = o Y = an .

mudeluedanAnyuaunanjudieneuniaainsaswun IdidunsAnuilasismanagen (Experimental study)

[1, 4,69, 13-14] 75 19 lud10B10U4 (finite element method) [11-12] 35 1W1U0510A1MUE (fiber element method) [15] 1az3F

@

° a I~ a o o J a
!L‘]J‘UﬁﬂaEN"ll'ﬂQWﬁ)W]ﬂ [2-3, 5,10, 16] IﬂﬂWﬂ@]ﬂﬁiNﬂﬁﬂH?ﬂﬁ%ﬂﬂUﬁ)’Jﬂ W’L]@]ﬂiEMﬂWﬂiﬁ}LLEQﬂﬂﬂixﬂWﬁiﬁﬂuﬂ NHANTTY

X ¢

moldusesansziubosgud nazwganssumelausamuauly dwmsvauiteiauonnusassinnenganssuuead
P

& <] a [ o a o v v @ o a
’d‘LlL“I/Tﬁﬂ‘l’zijiJ?;I}’JElﬂﬂuﬂi@]ﬂ?ﬂi@s}}ui\?ﬂﬂﬂi25‘1/IW]iﬁﬁufﬂf’léﬁﬁli}']im']NT:’Ii'JiJ‘ll@\iﬂ'lﬁ\ﬁ'ULLi\i‘U@\i')ﬁﬂﬂ?ﬁliuﬁﬂ}1@]ﬂlﬁ1!tﬁg’,w%1ﬁiLl'l

o a o . k) o
NANTZNUIINMT 10USANOUNTA (concrete confinement) 1AIUITEUDI Chen 1AL Lin (2006) [10] latadusuvusianaas

@

A191152n91UN15 ToUSA (confinement factor) @011 Chen 1taz Wu (2017) [16] IdtauouuusiaouazIziiuign1a?

[ = I3 a Y o 1 3‘/ ao s 1 o (=) aov

Uszneums TeuSalunsaimangwssadimhdadugUnmnummniy sinmsnumiuauiselusdianua daliiauide
y o o 1% o o v w @ o Y [ o 1% I

laauenuusiaesdmiviineassunssanssgudnaziauedtiueadilszneuns Teusadmsuveuaunaniu

Y a ad Y oo < = A
denounia lunstinmihdamangwssaniugilou o

g 0 0 v o @ R ) s v v
‘]J‘VIﬂ'J']iJﬁu'llﬁuﬂllﬂﬂi]']aﬂ\?ﬂ']H']Elﬂ'J']llﬁll‘W‘Llﬁ53“I/T']'N‘Ll']ﬁuﬂ‘ﬂﬁi‘nﬂ!.m&’ﬂ']ﬁlaﬂgﬂﬂlﬂﬂlﬁ?ﬁulﬁaﬂﬁﬂﬂ?ﬂﬂ@uﬂ%ﬁ

a

as o "o @ a < A Y o < < (J o A 1)
!Lﬁgi’)‘ﬁ‘VITL!']Elﬂ']€°’I’J‘1Ji&’ﬂﬂ’ﬂﬂﬁi’ﬂ‘ﬂiﬂﬂﬂuﬂiﬁ%?ﬂ!ﬁﬁﬂgﬂWiimﬁluﬂiﬂ!‘l/l‘l’iu"mmﬁﬁﬂgﬂ‘Wiiﬂ!Lﬂuiﬂﬁ’]llﬂ AUDY UIDNUN

L1}

v @

! v H
ﬂfmmmﬁamnuﬁuq ANUU “l%lmuﬁmmﬁmua"lﬂﬁﬂymaﬂiwmmmuﬂiaammu (ﬁ?ﬂ\iﬁﬂllﬁﬁ@ﬂﬂl@ﬁﬂ@ﬂﬂiﬁ

@

° o 1 <3 [} 1 < ] <3 1
N Qiﬂlliﬂﬁﬂﬂﬂi?ﬂﬂl@ﬂlfﬂaﬂgﬂWiiﬂ! srezrNTTNvanlasn mm%zgmamwuﬂﬂuaummmmaﬂgﬂwsim) 213

[}

a y B Y o oo o Yy 9o o
Wf](ﬂﬂﬁﬁlliulﬁﬁ'ﬂﬂellﬂ\uﬁ'] ﬂizﬂ@uﬂ?ﬂ ﬂ?a\iiulli\i@ﬂqﬁqﬂllagﬂ%uﬂ'ﬂﬂlﬁﬁﬂj u@ﬂ"l]']ﬂﬁ ]lﬂu'llﬁuﬂﬁllﬂ'ﬁ@ﬂ'l\ﬂ'lﬂ

9
o @ o o o o o ) < A o
’d']‘l’ii’U‘V]']‘Ll18ﬂ']'cNi’U!Li\iﬂﬂ’G:,Nq@"llﬂﬂl’d']’dulﬁaﬂ‘l’iijiJ@S]}’JfJﬂﬂuﬂ%@]ﬁWi]'liil!1Naﬂi25‘1/I°U"’lJ’t'Nﬂ'liigﬂiﬂﬂiﬂﬂlﬂﬂﬂﬂuﬂ%mmzﬂﬁ

o w ' <
aﬂmmmamwmmmmmaﬂgﬂwssm

Yy Y =

2. HULRRRNINENGANTINTUNI DAV ANTUHANHNAIWAIUNIA
U %‘ W G = 4
msiamuUTaesinenwduiu sz NS I INeEANUATIAA LAY AA TN U IULIINNIS
a L4 [ . . o o w o ' [ [
AInTIEHHIAR (section analysis) voueniaguean Tasmssaumatueaiagas q melueniaguaudiaieny isznoudie
< 3 a A Ay o a A o ' .
mangUnssa maniaiuniee1d aounsai lignTeusa (unconfined concrete) AOUNIATIYN TOUTALIIEIU (partially
A A @ . [ A < o a
confined concrete) uazﬂauﬂmmgﬂiamﬂqq (highly confined concrete) muﬁm‘lugﬂm 1 uazmanﬂa’aﬂ%zgﬂm'lﬂwmimw
9
HaNIENUABMI TousanaunIAMIUY
= ) v o ] o = o A A
51 2 ugasiuneumsai A NUFNITLT ST hminus I ALazANUIATsAR ILLLNUYBIE TaqRAN I8N
Ay o ' o ( . = a ' [ o dyd a
Ufdwiusszninadagmelunida Fesieazidenszesuieludiuda’lyl nuusiaeiifiauydgiu fe 1. Msnsz18v09

[

9
1 [ @ @ 1 @ 1 @ I ° @
ANUIATEAR LAYV IENTIA W INUAaeaNIni g 2. mideusesavewaaz Tagilu l)awnundiassuesiag iy

HTITAMINUUILAUN AN UIAY) (uniaxial material model) thag 3. THHITUIHANTLNUVDININATIEHAINUADI (second-

order analysis)

80 | 15015 BUuALEYY' LazeRT iU W3S



AINITIUAIT2UUIFIUATWAUN Uil 31 altuil 3 nangrau-fueneu 2563

Engineering Journal of Research and Development Volume 31 Issue 3 July-September 2020

]
a 1

H o @ 1 o I o w @ ]
NITIIVUINUNUITTINNUDIIAAAN ﬂ']Eﬂu!ﬁ'nﬁﬂﬂﬁllﬂglﬂullﬂﬁ']llﬁllfﬂi (1) Tagazsaumasvesiaafiuaas g

a

anunzen 317 3 udasaredamsiuuusiaes ) 1dihunenganssuveuaidlodanadouues Chen taz Yeh (1996) [6]

1ag Zhu LagAMUE (2014) [14]

PAnaly = fsAs + fsrAsr + fucAuc + fpcApc + fhcAhc (1)

Reinforcement steel

Structural steel

Reinforcement steel

Structural steel

Reinforcement steel

Structural steel

]

Highly confined concrete

Partially confined concrete

Unconfined concrete

Unconfined concrete

N

Partially confined concrete

Unconfined concrete

Yy Y

(3

a

Highly confined
concrete

Highly confined concrete

Unconfined concrete

~

<
WﬁW@ﬂﬂl@\‘iLﬁHﬁﬁﬂﬁl}ﬂ’JEJﬂ’f]‘Llﬂi@l [10]

Partially confined
concrete

Structural steel

| Highly confined concrete

Partially confined concrete

Reinforcement steel

Find stress-strain
relationship (Eq. 2) by

using [ = /%

Find real confining stress

from stirrups (Eq. 5).

Find confining pressure from

structural steel (Eq. 10).

Find pressure from expansion

of concrete (Eq. 17).

¥

¥

¥

'

Find compressive
strength of partially

confined concrete (Eq. 6).

Find compressive strength of
highly confined concrete

(figure 4).

Find reduced yield strength
of web of structural steel

(Eq. 16).

¥

¥

¥

Find stress-strain
relationship (Eq. 2) by

using £ = ficpe -

Find stress-strain
relationship (Eq. 2) by

using £ = flghe-

Find stress-strain relationship
of structural steel (Giuffre-

Menegotto-Pinto model).

¥

¥

¥

Find stress-strain
relationship of

reinforcement steel

(figure 6).

v

Find load-strain

relationship.

Find load-strain

relationship.

Find load-strain

relationship.

Find load-strain

relationship.

Find load-strain

relationship.

9
@

siii 2

*

Combine load-strain relationship of all material.
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