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Parametric Study on design Variables of Rectangular Concrete Filled Tubular Columns with
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Abstract

For the safe design of steel-concrete composite structure, usable yield strength of steels are limited in most of design standard.
However, this limitation sometimes cause the uneconomical design for some kind of members such as slender columns which was
affected by elastic buckling load. For the economical design for slender columns, parametric study of RCFT (Rectangular CFT)

with high-strength steel is conducted, especially investigating the limitation of yield strength of high-strength steels.

Using

ABAQUS, finite element analysis program, the finite element model was constructed and calibrated with experimental study for
RCFT with high strength steel which have yield strength up to 680MPa. Investigated design parameters are yield strength of steel,
compressive strength of concrete, steel thickness and slenderness ratio. The effect of desgn parameters were compared with design
standard, KBC-09. From the parametric study with 54 models and previous test specimens, RCFT can be safely design with higher
yield strength of steels than currently limited by KBC for large range of slenderness ratio.
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Fig. 1 Influence of steel yield strength to RCFT according to
the slenderness ratio(KZ/r)
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Table 1 Mechanical Properties of Structural Steel

t F, €, F, € FE F/F,

y u u s y!

(mm) | (MPa) (MPa) (MPa)

SM490 15 | 402 |0.0021| 512 ]0.0944 | 211000 | 0.79

HSB800 15 880 | 0.0042 | 944 | 0.667 | 214000 | 0.93

t . steel thickness, F,: yield strength of steel, €, yield strain of steel,
F,  tensile strength of steel, ¢, : tensile strain of steel,
E, ' elastic modulus of steel
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Fig. 2 Stress—strain relation of steel
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Table 2 List of Test Specimens

speci t B L fer Fy |,200$.|
specimen Type o | e | P @ | K| o | o
LS—490-0 Hollow 15 200 13.3 5000 86.8 - 325
LS—490-3 Composite 15 200 13.3 5000 86.8 30 325 _
LS—=800-0 Hollow 15 200 13.3 5000 86.8 - 800 §
LS—800—-3 Composite 15 200 13.3 5000 86.8 30 800 o {—
t @ Steel Thickness, B @ Width of test specimens, Z : Length of test specimens,
for * Specified Compressive strength of concrete, F, : Specified Yield strength of steel t =15mm
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Table 3 Test Results

" Py ‘ P, ‘ Py PJPy | PJP,
(kN]
LS—490-0 1886 3493 4462 1.85 0.78
LS—490-3 2538 4532 5404 1.79 0.84
LS—-800-0 7547 8403 9757 1.11 0.86
LS—-800-3 8526 9447 10711 1.11 0.88
P, P, P P,
[kN] P, [kN] Py
3493 1.26 3493 1.26
4532 1.43 4532 1.43
8403 2.45 8403 2.20
9447 2.52 9447 2.31

Py : Yielding load of test specimens,
. - Ultimate load of test specimens,
P, : Pure compressive strength of secton,
P, : Nominal strength calculated by KBC 2009,
» - Nominal strength calculated by AISC-LRFD 2010
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Fig. 7 Strength of test specimens compared with KBC

A AA7EFEEES] kel mE AAIEE] A
ARE Fosly] 9Jste] F 23712 AT RHE Ay
AE st Adn)el Ao e wE Aedd vE
= AESIGITE A3 7158 A Alsh 715 Holvkes ¥
A= F 34090 A QI AlFAl FEAEE 616~879
MPaZ X5 It} 14 % FAE ARLSIS A9 A

Al ZFEe] st AEA A% vl Hol ¢ HH oo

Ui 9es ERIE & 9 ﬁ‘iE‘r °|:= Fig. 7°ﬂ EFE )9
53], o] @2 A7 245 A4 veRar 9o

Rox

SR SRR A 2ets| =27 M19A M22(2015.3) 15



2w AR RS A
Aol MAFA S A3 WAL B AAT of
AT olo] thet mglo] BT o WAt

e 717219 AsHxQ) 440MPa®] FEATE
AAE AHESE RCFTE #2 2k Wl vES ARV
a 7]Eel A7t ARAES ARSi o, Aldvieh a5
M|, 2AE A 5ol AlFe] glo o
= G| S8 feteas
A}, Tl_ts]—O)\oH}doﬂ AbgE
fom 3 % A0 ATAS dow A

rﬂ

22 ABAQUSE A3l oH H]
Me FHsisitt. ZagE gk EE
3749 Solid 942 A}«%a}nﬂoﬂa B 7S tﬂxH?]}x]
wElg) el W w==to] S17] wiiell 321 Shell 249}
32k Solid L4 RFE ARESto] Bkt

Solid 2.2+ ABAQUSOIH A3k 872 dHe 714
M8 Q4Ql CIDSRAES AMESIGOM, Shell @Az
] 71¢] @@% 7™ Eargl] o) 7}:3} S4R 2AE
ARgato] =-aEo 4611 HEER= BES TR 4 Qe
5 2 ?Laf Sl ol e R R e 7oL A2l 749 Isotropic
Hardening rules WE5% AAsi3lon o= S&-HgE
WA= Fig. 200 YEpd vkel 22, 2F Aol A AAIg A
A A A3E ARSItk

ZAZES] FIH=2 Concrete Damaged Plasticity Mode
<= ARgeto] BEREISICE Concrete Damaged Plasticity Model
& AEA Y] A7 A E t’b‘% BARE] S5k Bd
A ZAYES F8 3 @S eI s s
HE ks Zlow 7Pddith A 313% v HAs
ARE-EPH unsymmetric stiffness matrixS 73 5= Q17|
ol A A ARE vlud & Bdshs Zow o4
A Qo 7EdS AAoRE A ZpAITE i Aol
M e #3380l T3 vt oh7] wie] ¥ Edls
X

}:1~

l‘

(

;

£

o

16 s=27x2r0gx|eEss =28 H193 H25(2015. 3)

Strain (mm/mm)
0.000 0.001 0.002 0.003 0.004 0.005 0.006

140 r T . ; . T r . . T . 140
| o 30MPa ||
120 o 45MPa || 120
& 65MPa
1 v 90MPa |1
100 H o 100MPa|- 100
A 120MPal |
T 80+ qe0 &
=3 2
& 60 60 @
14 g
7] 1]
40 | 40
20 20
0 0
0 1 2 3 4 5 6
Strain (%o)
Fig. 8 Uniaxial stress—strain relation of concrete
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Table 4 List of verification test

Specimen F, fer t hy hoy kL
D (MPa) | (MPa) (mm) (mm) (mm) (mm)
HSS2 750 28 5 110 110 300

LS—-800—-3 879 32.6 15 200 200 5000

F, : Yield strength of steel, f, : Compressive strength of concrete,
t © Steel thickness, h;, h, : Member width, kZ : Effective length
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Fig. 10 Verification of FE model
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Table 5 Plan of parametric study
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Compressive strength of

30, 100 MPa
concrete

Range

Types of Steel SM490, SM570TMC, HSB800

Thickness of steel 5, 8, 15 mm
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5.3 T SHQ] HE

IAE AL ARl QlofA & AL APl ef] e 2
T e vAE des wetelr] Qs 2 EdRS) B
5 MRt Sl A9 vwskglth Fig. 139 274
S ZAAE AHESE RCFTel tist A1 a7t (A= P/ P,)$
& A9 FEs UrE}LH‘”E‘r AE FARESE 1A% 7

A7 A AR S BEAZE EAN R et
o et H27we) wgo] Sobaitk WY 2L ES A

29 A% 2 @Yol Yehde & 5 Uk ok 2
SeEs A A B gl Aol s ehte

o2 pEave] F7RIET FrPE thet 7]ofie]
A7t 1 EskEe] weh ARe] W) o & 9 71
Sgtk

o oy Y T

54 MZd[of| = RCFTO| =2 4=

AR A AEe) 17keste] wE RCFTY &
SARYelX 2] AV EEEAES] gl st A
tslr] <8l 71E AT Akl B Aol SalE waE)

AR AHgEste] HESISITh A Ao 28s Sl
Fig. 140l veRd vie} o] 7)& AA7F distA] Xsh=
At &3 (A= Py/P,) Dl thst F7HR1 HE7} 7k
iy

A4 F2AA7FY] FEAE AHS Hojur Aga v}
7k 50% o1l fanlEs 7h ARl 174 A3 T
7 N8 AFAE AlSlstals FEAER 10&% %k (440MPa
oS AHBIRS wolw eHdd A} 7Fsst Aow

l

0
1ol ool

l

J —o— KBC Buckling Load
1.8 4 Analysis Results
Test Results

¢ High strength Specimen

epstrh 4, ShH A3t oA A Askel s PP B
ol &8 el AWl uhek RCFTE) AAE 3%
A Furgel] ARS FA Gk iR WAV Vs
& %% 99

(1) 71+ A7 d3%E @l 753 RCFTOl st DBE
g 2 A A FAA el Ak Q=
FEAE A 7% (440MPa) o)) AEE 7H 7
AE AHEE A APRE e ftels et A
Aes ek Aot B E gk

() 4% AE AFES RCFTE A3 A3} d3 A7

712l tinlsl AURIA 1A AAE S8gto] &
A=HUT AA] AFE FELE o] w2 AV
= (AISC-LRFD, 2010)< 283t A7} SM4907 A&
AREEE AAAY o ® BAIA AATE s AT
() AL AAZE A8 CFTe] Addvtel sjad ol
wEd ZAE IEAE Sl we A Ha
Aol AAu= f:fi*&Ol 3y AAE WS ek

(4) @Y AAVIE o7t Ald FEAGE ol AR
A A

stz SrRpeX Rl Ess =27 M198 M2z (2015.3) 19



Ao gy

(4) 7Ae] FEAE W JIAETL Ikl whet Al
o) Z7tell weh el 93 B st Aol o
EEsk veRdth ey dd 7)FoA] Alksl=
FEAT AT (440MPa) ©)de] FEAT] s
olAE AA} 7FsE Aoz Hr )

o] =2 201495 A (5T Al

aArel 2

ks
(No. 2013R1A1A2010717) A Y= = Q)51 ole] 7}
=YL

10.

11.

12.

20

References

. AISC (2010), Specification for structural steel buildings.

Chicago (IL): American Institute of Steel Construction, Inc.

. Architectural Institute of Korea (2009), Korean Building

Code, 421-645.

. Bridge, R. Q. (1976), Concrete filled steel tubular columns,

Research Rep. No. R 283, The Univ. of Sydney, Australia.

. Choi, I. R, Hong, G. H. (2012), Experimental tests on

eccentrically loaded high-strength hybrid concrete-filled steel
tube columns, Proceedings of Korean Concrete Institute,
639-640.

. Collins, M. P., and Porasz, A. (1989), Shear Design for

High Strength Concrete, CEB Bulletin d’Information, No.
193, 77-83.

. Ehab Ellobody, Ben Youngb,. Dennis Lam (2006), Behaviour

of normal and high strength concrete-filled compact steel
tubecircular stub columns, Journal of Constructional Steel
Research, 62(7), 706-715.

. Fujimoto, T., Nishiyama, I., Mukai, A., Baba, T. (1995),

Test results of eccentrically loaded short columns-square
CFT columns, Proceedings of the second joint technical
coordinating committee meeting on composite and hybrid
structures.

. Furlong, R. W. (1988), Strength of steel-encased concrete

beam columns, J. Struct. Div. ASCE, 93(5), 113-124.

. Grauers, M. (1993), Composite columns of hollow sections

filled with high strength concrete. Research report. Chalmers
University of Technology, Goteborg.

H. Shakir-Khalil and J. Zeghiche (1989), Experimental
behaviour of concrete filled rolled rectangular hollow-section
columns. Structural Engineer, 67(19), 346-353.

H. Shakir-Khalil and M. Mouli (1990), Further tests on
concrete-filled rectangular hollow-section columns. Structural
Engineer, 68(20), 405-413.

Han, L., and Yao, G. (2000), Influence of Concrete Compaction
on the Strength of Concrete-filled Steel RHS Columns,

FEFESAHRRLESEE == 193 HM22(2015. 3)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Journal of Constructional Steel Research, 59(6), 751-767.
Hibbit (2010), Karrlson & Sorensen, Inc., ABAQUS Theory
Manual Ver. 6.10.1.

Jung, H. S., Choi, C. S. (2011), An experimental study on
the behavior of square concrete-filled high strength steel
tube columns, Journal of iron and steel research international,
18, Supplement 1-2.

Kang, C. H,, Oh, Y. S., and Moon, T. S. (2001), Strength
of Axially Loaded Concrete filled Tubular Stub Column,
International Journal of Steel Structures, Korean Society of
Steel Construction, 13(3), 279-287.

Kang, H. S., Lim, S. H., Moon, T. S. (2001), An Experimental
Study on the CFT Stub Columns Filled With High Strength
Concrete, Journal of Architectural Institute of Korea, 17(4),
29-36.

Knowles, R. B., and Park, R. (1969), Strength of concrete-filled
steel columns, J. Struct. Div. ASCE, 95(2), 2265-2587.
Korea Concrete Institute (2012), Concrete Design Requirements,
75~77.

KS F 2405 (2010), STANDARD TEST METHOD FOR
COMPRESSIVE STRENGTH OF CONCRETE, Korean
Agency for Technology and Standards, 1-16.

Lee, C. H., Kim, D. K., Han, K. H., Kim, J. H,, Lee, S. E.,
Ha, T. H. (2012), Compressive Strength and Residual Stress
Evaluation of Stub Columns Fabricated of High Strength
Steel, Korean Society of Steel Construction, 24(1), 23-34.
Lee, J. H., and Gregory L. Fenves (1998), A Plastic-Damge
Concrete Model for Earthquake Analysis of Dams, Earthquake
Engineering and Structural Dynamics, 27(9), 937-956.

Lee, M. J. (2008), The Specified Minimum Yield Stress of
SM570TMC in CFT Composite Columns, Journal of Korean
Society of Steel Construction, 20(1), 205-213.

Matsui, C., Mitani, 1., Kawano, A., Tsuda, K. (1997), Al]
Design Method for Concrete Filled Steel Tubular Structure,
ASCCS Seminar.

Okamura, H., Maekawa, K. (1991), Nonlinear analysis and
constitutive models of reinforced concrete, Gihodo-Shuppan
Co., Tokyo, 1-182.

Schneider, P. S. (1998), Axially Loaded Concrete-filled
Steel Tubes, Journal of Structural Engineering, ASCE, 124(10),
1125-1138.

Seo, S. Y., and Chung, J. A. (2002), An Experimental
Study on Strength of Slender Square Tube Columns Filled
with High Strength Concrete, International Journal of Steel
Structures, Korean Society of Steel Construction, 14(4),
471-479.

Shim, J. S., Kim, K. S. (2000), A Study on the Axial
Compression Behavior of Rectangular Steel Tubular Stub
Columns Infilled with High Strength Concrete, Journal of
Architectural Institute of Korea, 16(2), 75-82.

Song, J. Y., and Kwon, Y. B. (1997), Structural Behavior
of Concrete-filled Steel Box Sections, IABSE reports,
Innsbruck, Austria, September 16-18, 765-800.

Uy, B. (2001), Strength of Short Concrete-filled High Strength
Steel Box Columns, Journal of Constructional Steel
Research, 57(2), 113-134.



30. Uy, B. (2002), Strength of Slender Concrete-filled Steel Box Received : 06/30/2014
Columns Incorporating Local Buckling, Journal of Constructional Revised : 09/18/2014
Steel Research, 58(2), 341-352. Accepted : 10/06/2014

31. Yang, Y. S., and Seo, J. H. (2001) Structural Behavior of
High Strength Concrete Filled Steel Tubular Columns, Journal
of the Architectural Institute of Korea, 17(1), 67-74.

2 X

FTxY e BAS S8t AAVIES B84 ARE VIReR A9 AAVIETET RS AdEds AAskaL Slvk
Ty APH7E 2 AR ETAR S o] & Hslel e Wi FAY g AAEE A7 WA 371l wEt A
2 AA7E 7R % o‘l‘7}‘ ‘j“éiﬂﬁ‘r webx] Al 7152 AR AAE e @ AATIEM AXEL s e AAVESEGE
o] FELEE F A7 AR 73 AR baAell tist B2k skl thakt Aol e 2 A 9
A4 ke Hﬁk’% %?Z 2aAE ARSE Wt S AIE8Il o, 680MPa ] FHFEE BArE A7t x*%ﬂ A %
*ﬂfﬂ‘f ol 7&%7 o] dde st fotessd mHe) A ke wde A9 484 7 FHEsinh WAl 4
T A GEAE, FAES] AAVIEEEARE, A T ARR HdE R 2 WarE> KBC 2009°1 o3t 7ot
o] wiello] thet Rg=a] Aol 7] 8 AAvES Sl AR A EAEE T V1SS KBCOA AIgk

o] AlgE Zae Agole HdeA A F Qe AR et

A 20] 1 ZIE A AW 715, 1A% A, HSBS0O, F=, AlgH], f3ke a4

siERxSrpeR R Ess| =27 M198 M2z (015, 3) 21



