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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.

Keywords - Concrete-encased and-filled tube, Circular CFT, Eccentric axial loading, Axial-flexural strength, Flexural stiffness
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Fig. 1. Cross section of circular CEFT column
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Table 1. Test parameters of previous studies
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ohit T AHEA ARAY A 247} 60 mm(CEFTl,
AAE = 0.125)9} 180mm(CEFT2, HAE =

7+A

)
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Matsui et al. (1998)"!
Test program

Nakamura ef al. (1999)1°)

Ueura et al. (1999)") Han et al. (2009)®

(Japan) (Japan) (Japan) (China)
Circular CEFTs 1EA 12EA 2EA 3EA
i + i + i +
Loading Axial Axial (0,0.3?) lateral Axial (0.3? lateral Axial (0,0.3,9.6) lateral
cyclic cyclic cyclic
Gross section (mm) 250<250 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

. 4-D6 (0.29
(area ratio) (0.2%)

4-D16 (1.1%)

4-D19 (1.6%) 4-D10 (1.3%)

D6 at 75mm
(1.0%, 1/3.3)

Transverse ties
(area ratio®, s/B)

2-U6.4 at 30mm
(2.0%, 1/9) / (1.4%, 1/9)

2-U6.4 at 30mm
(2.0%, 1/9)

¢6 at 100mm
(0.6%, 1/1.5)

o = A,/ (ds)
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Fig. 2. Reinforcing details of CEFT columns
Table 2. Properties of test specimens
Test parameters CEFTI1 CEFT2 CEFT3 CFT1 CFT2
Type CEFT CEFT CEFT CFT CFT
Dimensions of cross section BX B or ¢.D (mm)| 480><480 480480 480<480 ¢406.4 $406.4
Thickness of concrete encasement (mm) 36.8 36.8 36.8 i 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 :gig ::gig ) i
Bar yield strength f, (MPa) igg 232 232 - -
Bar area ratio (%) 0.78 0.78 0.78 - -
Axial load contribution 6, (%) 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 fy (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 d, = (0.85f, A, +F,A)/(0.85f, A. +F A,,-!-FyAS+0.85fd7‘fA(,‘f)

ck,e“*ce yr

yr

°Calculated as (D10 diameter 71.3mm2)/(encasement thickness 36.8mm)/(tic spacing 240 or 120mm)"
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Fig. 3. Test setup for eccentrically loaded specimens
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ol

cracking) — C (compressive yielding of tube) — F
(delamination of PC cover) — A (tensile cracking) — E
(yielding of hoop) — D (tensile yielding of tube) 2] <=4
= h7h AP ey, vEPCe] A E FA 7} oFS o
o FYFolA GO0 QI 2] Fo] 7|0 WAst
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A o2 AN F 2 WS HgFS HlTh CEFT 4
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gk, 9 EPCE] T 7h ARl = Al oA A& SE3ISIT

CFT A&A|Q CFT1(HA A 2] 60mm) 2} CFT2(SH A A 2]
180mm) o A= 2% C (compressive yielding of tube) —
D (tensile yielding of tube) — G (tube local buckling) 2]
SA2 B AT, T ABAY RS A2 o2
Ak, A 2 7] w5abmo] WAt A A9 sk
o] Zadh= ke UEhith

(a) CEFTI

(b) CEFT2

(c) CEFT3

(d) CFT1 (e) CFT2

Fig. 4. Failure modes at the end of the test
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2000 E : Yielding of hoop 2000
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o o 6 Tubelocal bucking g
0 20 40 60 80 0 20 40 &0 80 i 20 40 60 30
Mid-height deflection (mm)
Fig. 5. Axial load-lateral deflection relationships of eccentrically loaded specimens
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Table 3. Summary of test results

Strength .
Specimens Peak load Mid-height (Sktg/fgf;s;
(kN) deflection (mm)
CEFTI 7,237 6.1 1,841
CEFT2 4,223 10.7 541
CEFT3 7,487 7.1 1,797
CFT1 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)

¢l CFT1d CFT2& 543 dAlES %
CEFT J@AIS} vlaste] AL SHfA 2 2fol7h §f

thi(Z}Z} CEFT1, CEFT22] 96%, 89% %), ©]+= CEFToﬂ
ARG AR ERT CFTO| ARH E2ES] Y57 =7}
=9E A= (26.6MPa v.s. 31.7MPa) gk glo|t}, shx|qt
CFT AEA| 9] 7343 CEFT A A2 73/l H]sf 50% ©]
ot FA|3] A THTable 3), E3F CFT13 CFT2+=
Pagol AE A ES} 3 A3 HYEAHTE 4= 1L
735 73 Aol oJste] CEFT A Ao vlsf sl & M (2
7} 28, Tmm¢} 34, 9mm) o A HTj =S wrdsiich, CPT
A= 2E4 o & 7He] i abmo] WS A 5150
3

s ASZ2L

Fig. 62 CEFT @0 Q%) 2= Erle] 225
S Ao119] A ehih 210l= 5ol gre

[

10000 1 compressive face

Strain gauge
8000 A CEFT3

6000 - CEFT1

—

4000 A

CEFT2

Axial load (kN)

2000 A

0 T T T !l
0 0.001 0.002 0.003 0.004
Compressive strain (mm/mm)

Fig. 6. Strain distribution
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Fig. 7. Uniaxial compressive stress-strain relationships for fiber
analysis
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