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Research on axial compressive behavior of lightweight
concretefilled coldformed elliptical hollow
section steel stub columns
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Abstract: To study the axial compression performance of elliptical steel tubular stub column this paper presents an
experimental investigation on lightweight concretefilled circular and elliptical hollow section steel tubular columns
under axial compression at cross—section level. The lightweight aggregate concrete and elliptical tube material
properties bearing capacity failure mode and ductility of stub column were analyzed. The elliptical hollow section
( EHS) was colddormed from the hot—olled circular hollow section ( CHS). Comparison based on experimental
findings in particular between the hot—rolled CHS and coldformed EHS were made. The results indicate the cold—
forming process reduces the load carrying capacity and ductility; being filled with concrete can significantly improve
the bearing capacity and ductility of stub column; contribution of filling concrete is larger in the concretefilled hot—
rolled CHS stub columns than that in the concrete-filled cold4ormed EHS stub columns; the level of enhancement due
to concrete infilling is more significant for the thinner EHS and CHS tubes ( about 10%) . Design rules based on
Chinese and foreign standards were also assessed: the prediction of colddormed EHS compressive resistance based on
the hotinished formulations is adequate; design equations based on Eurocode 4 can be adopted for the lightweight
concretefilled hot—olled circular hollow sections; CECS 282012 the code for design of concretefilled steel tubular
structures can be used for the compressive bearing capacity calculation of thinner lightweight concretefilled EHS but
the compressive bearing capacity calculation method for thicker lightweight concretefilled EHS needs further study.
Keywords: concretefilled steel tubular column; colddormed; elliptical hollow section; lightweight concrete; static
test; axial compressive behavior
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Table 1 Measured geometric properties of specimens
5 5 d/t  d./t
h/mm b/mm d(d,) /mm ¢ /mm L/mm A /mm A, /mm /mm /mm

CH-A-SC1 — — 95.5 5.3 250 1502 — 0.19 0.18 18.02
CH-A-SC2 — — 95.5 5.3 250 1502 — 0.23 0.15 18.02
CH-A-SC3 — — 95.5 5.4 250 1529 — 0.19 0.10 17. 69
CH-B-SCI — — 95.6 7.5 250 2076 — 0.18 0.17 12.75
CH-B-SC2 — — 95.6 7.4 250 2050 — 0.17 0.14 12.92
CH-B-SC3 — — 95.6 7.4 250 2050 — 0.07 0.07 12.92
CF-A-SCI — — 95.4 5.8 250 1633 5515 0.39 0.35 16.45
CF-A-SC2 — — 95.3 5.5 250 1552 5581 0.27 0.28 17.33
CF-A-SC3 — — 95.4 5.5 250 1553 5595 0.14 0.30 17.35
CF-B-SCl1 — — 95.6 7.2 250 2 000 5178 0.09 0.12 13.28
CF-B-8C2 — — 95.6 7.6 250 2101 5077 0.20 0.18 12.58
CF-B-SC3 — — 95.4 7.1 250 1970 5178 0.12 0.11 13. 44
EH-A-SCI 120.4  60.0 241. 60 5.4 250 1502 — 1.11 0.57 44.74
EH-A-SC2 120.2  59.5 242. 82 5.2 250 1502 — 0.91 0.43 46.70
EH-A-SC3 1201 59.7 241.61 5.3 250 1529 — 0.78 0.41 45.59
EH-C-SC1 120.2  58.1 248. 68 9.0 250 2266 — 0.51 0.33 27.63
EH-C-SC2 120.3  57.5 251. 69 8.9 250 2237 — 0.56 0.33 28.28
EH-C-SC3 120.3  57.5 251. 69 8.9 250 2237 — 0.51 0.23 28.28
EF-A-SCI 119.6  59.8 239.20 5.4 250 1527 5621 0.91 1.02 44. 30
EF-A-SC2 119.5  60.1 237.61 5.4 250 1552 5581 0. 40 0. 80 44. 00
EF-A-SC3 119.5  60.8 234. 87 5.4 250 1553 5595 0.41 1.10 43.49
EF-C-SC1 119.9  57.9 248.29 8.7 250 2192 3260 0.22 0.50 28. 54
EF-C-SC2 119.8 58.0 247. 45 8.9 250 2237 3220 0.31 0.80 27. 80
EF-C-SC3 119.9  57.9 248.29 8.8 250 2214 3238 0. 40 0.56 28.21
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Fig.1 Geometric parameters of steel tube
8 mm (C30) ° 7
100 mm 3 100 mm X
A = (w/4) bh—(b-2t)(h- 100 mm x 300 mm
2t) A, = (mw/4)(b-28) (h -21) © p =
“CH” 1900 kg/m’ f. =39 MPa
“CF” “EH” E. =2.5x10" MPa.
“EF” : 1.3
AB C SANS200T
57mm 8 mm, “sc” ° 2
o 1 mm/min
1 (
° N.v:f)'A* N.v:
0.23 mm (¢ /23) SA, + LA, fu =0.81) 3 min
0.39 mm (¢ /15) 50%
1. 11 mm
(t/4.8)
1. 10 mm ( ¢ /4.9)
( Stocky)
( Slender)
o EC3 " 2
d/t d/t < Fig.2  Test setup
90s° e=(235/£)"" f 3
o d,/t . 4 (D1 ~
° D4)
1.2 :
90° 4
2
Table 2 Measured material properties for steel tube
E, /MPa S, /MPa fu /MPa S/, e, 1% &, 1% e,/e, S, 1%
CH-A-AVG 208 406 476 616 1.30 0.34 7.28 23.38 23
CH-B-AVG 206 374 418 574 1.38 0.21 12.49 59. 25 26
EH-AAVG 208 975 599 682 1.14 0.49 5.21 10. 66 19
EH-C-AVG 199 059 578 647 1.12 0.48 4.68 9.74 17
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Fig.3 Location of strain gauge and displacement transducer
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Fig.4 Typical failure modes of hollow stub columns
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Fig.5 Load-displacement curves for hollow stub columns
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Table 3 Bearing capacity and ductility for

. 7
hollow stub column specimens

Fig.7 Failure modes of concretefilled stub columns

Nyw /! N ! Non/ Ayl Agsg !
kN kN Nics mm om 2.2.2 -

CH-A-SC1 917 715 1.28 11.3  16.0 1.41 8 _
CH-A-SC2 903 715 1.26  11.3  16.1 1.42
CH-A-SC3 897 728 1.23  10.9 16.2 1.49 (N-9) ° 5
CH-B-SC1 1200 838 1.38 20.4 28.4 1.39
CH-B-SC2 1203 857 1.40 18.4 25.9 1.41
CH-B-SC3 1204 857 1.40 19.0 26.8 1.41
EH-A-SC1 775 799  0.97 5.50 10.6 1.95
EH-A-SC2 772 782 0.99 4.80 11.2 2.33
EH-A-SC3 761 806 0.94 590 9.5 1.61 °
EH-C-SC1 1415 1310 1.08 14.4 29.6 2.05 2.2.3 —
EH-C-SC2 1405 1293 1.09 12.3 24.0 1.95 4
EH-C-SC3 1420 1293 1.10 13.5 22.7 1.69
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Table 4 Bearing capacity and ductility for CECS 28: 2012
concrete-filled stub column specimens »
N,/ I 1. Ayl A gse ! ] ( 0.5 ~2. ())
kN ] A mm mm
CFA-SCl 1174 4.14 1.28 1.30 19.2 >74 >3.9
CF-A-SC2 1174 4.24 1.30 1.29 18.2  >45 >2.5
CF-A-SC3 1168 4.24 1.30 1.28 20.5 >49 >2.4 .
CFB-SC1 1428 5.17 1.19 1.43 247 >79 >3.2 EC4 13
CFB-SC2 1393 554 1.16 1.34 209 >79 >3.8 (1)
CFB-SC3 1435 510 1.19 1.46 243 >80 >3.3
EF-A-SC1 864 4.66 1.11 0.87 6.1 162 2.7 (2) -
EF-A-SC2 857 4.78 1.11 0.85 6.3 17.3 2.7 Nows = A S, + A f, (1)
EF-A-SC3 843 4.80 1.11 0.83 5.8 24.0 4.2
N, . =nAf + 1 +n(t/d /1) Af.
EF-CSCl1 1445 12.46 1.02 1.06 12.8 31.2 2.4 v ans = 1A, n.(t/d) (S /1) At
EF-CSC2 1450 12.87 1.03 1.04 11.9 342 2.9 (2)
EF-C-SC3 1448 12.67 1.02 1.05 11.9 32.2 2.7 -
4 I
‘ 0 AlSC ¢
0
L. N S A f +0.954 f (3)
AISC CHS — sJy . cJ ck
CFA  EFA ) \
CF-B EF-B Nusc RHS = Ahfy +0. 85/4(‘ .f(:k (4)
CECS 28: 2012
( 10%); I 9
9 2
P Neges ens = (As +A¢:) (1'212 + B0 + 610) fck
. (5)
2
EF-A Neges s = (A, +A) (1.212 + B,6 + C,0) f,
(1. <1.00) (6)
. 3 : B, =0.179 5f)/235+0. 974, C,= -0.103 Sfy/ZO. 1+
5
Table 5 Predicted capacity of concrete-filled stub column specimens
[VEM S / NE(# CHS / ‘/V\H(' CHS / “JV\I@(' RHS / NCECS CHS / NCEC@ EHS / N“ f / ““Vll f / ““‘V" f / /Vu f / NH f / NH f /
kN kN kN kN kN kN ]VEL-" S /VV('A CHS l\‘vkl,*li CHS /\ AISC RHS NL’I".L'S CHS NL'F.L'S EHS
CF-A-SCI 902 1268 893 — 1001 — 1.30 0.93 1.31 — 1.17 —
CFASC2 913 1282 904 — 1004 — 1.29 0.92 1.30 — 1.17 —
CFASC3 914 1284 905 — 1006 — 1.28 0.91 1.29 — 1.16 —
CF-B-SCl 997 1388 989 — 982 — 1.43 1.03 1. 44 — 1.45 —
CFBSC2 1037 1438 1029 — 973 — 1.34 0.97 1.35 — 1.43 —
CFBSC3 985 1372 977 961 979 — 1.46 1.05 1.47 — 1.47 —
EFA-SCI 992 1319 983 966 — 937 0.87 0.65 0.88 0.89 — 0.92
EFA-SC2 1007 1327 998 981 — 861 0.85 0.65 0.86 0.87 — 0.99
EF-A-SC3 1013 1335 1004 987 — 864 0.83 0.63 0.84 0.85 — 0.98
EF-CSCI 1369 1553 1364 1353 — — 1.06 0.93 1.06 1.07 — —
EF-CSC2 1393 1578 1388 1378 — — 1.04 0.92 1.04 1.05 — —
EF-CSC3 1381 1565 1376 1366 — — 1.05 0.93 1.05 1.06 — —
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