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Abstract - An experimental study was performed to investigate the axial-flexural load-carrying capacity of concrete-encased
and-filled steel tube (CEFT) columns. To restrain local buckling of longitudinal bars and to prevent premature failure of the thin
concrete encasement, the use of U-cross ties was proposed. Five eccentrically loaded columns were tested by monotonic
compression. The test parameters were axial-load eccentricity, spacing of ties, and the use of concrete encasement. Although
early cracking occurred in the thin concrete encasement, the maximum axial loads of the CEFT specimens generally agreed with
the strengths predicted considering the full contribution of the concrete encasement. Further, due to the effect of the circular steel
tube, the CEFT columns exhibited significant ductility. The applicability of current design codes to the CEFT columns was

evaluated in terms of axial-flexural strength and flexural stiffness.
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L A&

7] 5ol ZALE A E(PC) 3 A& Al 45
B3 Zoly] 97 WO A% o] FEW A
PC FHlo] DAFAON, R FERE AR T e
S ueto] AgHaL olef, H ol 219 7o) oFE
E pcE L3 Z3g|EuE =A7497|%[Concrete—

encased and —filled steel tube (CEFT) column]©| &3 PC
FUE giste] ABHLYDY. Qurrow maESH
73HHCFT) 2= A ELL ) A3 & At E Qs

Note.-Discussion open until June 30, 2016. This manuscript for
this paper was submitted for review and possible publication
on August 14, 2015; revised November 19, 2015; approved on
December 2, 2015.

Copyright (© 2015 by Korean Society of Steel Construction
"Corresponding author.

Tel. +82-32-200-2533 Fax. +82-32-200-2710

E-mail. inrak@hotmail.com

=i K e RS

HAIRARE FREY 43 12
dEA lon, o3t CFT &0 AL ZAE(RC) ¥)5
g

2 A 83te 73 o RelA 3744 FhATE 7150 4
X W A SO 4 ook Eit, 2o 0w 3o uf

3% ol Fmnpolrf!,

AYAT ol Pe7IEel FEES
o Al s POZ 24 ORI 7158 Agstalc
e R0 2HAE Y 7ke] 7+
Eofels] Ee] UBHRS A8E el 4 ot
(Fig. 1), T3t A AT} CEFT 7]50] 9He 9] 2PCE &
¥ 49 Porel 2ylgeo] waE Sevt 24w, 9
P7Ie Ao o]Epoe] WA o] Aoz Hlo]
”‘01 HHELH~ “/P”U E*ﬁﬂoﬂ AT =7 mzel 1 T

27H1717] §)



PO W AHET 4 Gl UGS M3 OFFT 7]52]
----- P st v H L= =] 5] r
e T2 e 4y A7z HEEaeE
o] z7|etetel ofat Ty A3kE WS 9t 24 3]
- Steel tube E5U A A eF 22 et - AL 9l
A okl wheba] QRS 9] BE A2 ES 2= CEFT 7|59
[ Castin-place fREgeE 7] 9o Qg PR AFHE WHs
concrete
7] $latel 715 mAfelo] AL W5 o] 2 GTLet
Fig. 1. Cross section of circular CEFT column 7] 915t U @ S AHES 93743 CEFT 762
AQrataar, HAYE AdE Fotd 2 A5S HEdt
P AR T Hoke FAlA A5t CRT7IEeR = At
2 AME I glon 1RSI Y eS SR
ato] 7kt of T ERC7} EMIE7| = ghct,
APTE 285 CEFI/I 5] it Ay 2z g 2. AEAY
Bl 3o A o] PO gepyg 7)1z o
ji = = TH O Ol 3] ju] =Zzg = 21@@3&_)'\_
£ L5 FFPCEHE 9l A7t ol 7] YRl F3-E
0] 13%~ 34% % =4 %1, A o= A2 7] FTHH (YA Fig. 29} Table 2= A& A 2] 8 AN 9 HE Uehd
72 &, & = 150~270mm)o] AMSEQITHTable 1), o} g ALl 7150 HAG, 3HL 7 Za‘ 1l w2 pC
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Table 1. Test parameters of previous studies

Test program

Matsui et al. (1998)"

Nakamura et al. (1999)

Ueura et al. (1999)"

Han et al. (2009)"

(Japan) (Japan) (Japan) (China)
Circular CEFTs 1EA 12EA 2EA 3EA
Loading Axial Axial (0,0.3.')+1ateral Axial (0.3?+lateral Axial (0,0.3,9.6)+lateral

cyclic cyclic cyclic
Gross section (mm) 250250 270270 270270 150150
¢165.2mm

Tube section ¢165.2mm (7.1mm, 4.8%) / ¢165.2mm @60mm
(thickness, area ratio) (2.3mm, 1.9%) ¢114.3mm (4.5mm, 3.1%) (2mm, 1.6%)

(6.0mm, 3.3%)

Thickness of concrete
encasement

42.4

524/ 1779

524

45

Hollowness ratio (%)

34

29 / 14

29

13

Longitudinal bars
(area ratio)

4-D6 (0.2%)

4-D16 (1.1%)

4-D19 (1.6%)

4-D10 (1.3%)

Transverse ties D6 at 75mm 2-U6.4 at 30mm 2-U6.4 at 30mm @6 at 100mm
(area ratio”, s/B) (1.0%, 1/3.3) (2.0%, 1/9) / (1.4%, 1/9) (2.0%, 1/9) (0.6%, 1/1.5)
qph :Ah/(ds)
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Fig. 2. Reinforcing details of CEFT columns
Table 2. Properties of test specimens
Test parameters CEFT1 CEFT2 CEFT3 CFT1 CFT2
Type CEFT CEFT CEFT CFT CFT
Dimensions of cross section BX B or ¢D (mm)| 480480 480480 480<480 $406.4 $406.4
Thickness of concrete encasement (mm) 36.8 36.8 36.8 ) i
(hollowness ratio) (56%) (56%) (56%)
Eccentricity e (mm) 60 180 60 60 180
(eccentricity ratio e/B) (0.125) (0.375) (0.125) (0.148) (0.443)
Effective length Z, (mm) 2,880 2,880 2,880 2,880 2,880
Concrete encasement
Concrete strength f, . (MPa) 26.6 26.6 26.6 - -
Longitudinal bars g:gig g:gig ::gig - -
. 496 496 496
Bar yield strength f, (MPa) 473 473 473 - -
Bar area ratio (%) 0.78 0.78 0.78 - -
Axial load contribution 4,* (%) 29 29 29 - -
Filled concrete strength f,. ; (MPa) 26.6 26.6 26.6 31.7 31.7
Steel tube (mm) $406.4 (7T) | ¢406.4 (7T) | ¢406.4 (7T) | $406.4 (7T) | $406.4 (7T)
Yield strength f, (MPa) 565 565 565 565 565
Diameter-to-thickness ratio d/t 58.1 58.1 58.1 58.1 58.1
Area ratio (%) 3.8 3.8 3.8 6.8 6.8
Ties D10@?240 D10@240 D10@120 - -
Yield strength (MPa) 496 496 496 - -
Area ratio® (%) 0.8 0.8 1.6 - -
U-cross ties D10@240 D10@240 D10@240 - -

‘Axial load contribution of concrete encasement 0, = (0.85fy A, +F,A)/(0.85f, A, +

yreir

y“ts

*Calculated as (D10 diameter 71.3mm?2)/(encasement thickness 36.8mm)/(tie spacing 240 or 120mm)™
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Fig. 3. Test setup for eccentrically loaded specimens
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Fig. 4. Failure modes at the end of the test
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Table 3 APA H= Fdistat 2o it FRAE = Aol 9sto] CEFT AAA ol Hlsf 4ds] & 3 (2
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72 Aoleldr". PAT DAL 120mme HA R WAL HEH 0 Ze] FRA o] WASIRA 8150
CEFT3+ 240mm 7FA 0 & vl 5l Az} A5kt
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Table 3. Summary of test results
Strength )
Specimens |  Peak load Midheight | uffhess
(kN) deflection (mm)| ™™
CEFT1 7,237 6.1 1,841
CEFT2 4,223 10.7 541
CEFT3 7,487 7.1 1,797
CFTl1 6,913 28.7 787
CFT2 3,752 349 255

“Test was terminated due to the limited capacity of UTM
Measured average axial strain at the peak load (mm/mm)
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Fig. 6. Strain distribution
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Fig. 7. Uniaxial compressive stress-strain relationships for fiber
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