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Axial Compressive Performance of Square Hollow
Concrete — encased Double-skin Steel Tubular
Composite Slender Column

LI Minglun ,REN Qingxin, WANG Qinghe ,DING Ji'nan

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China,110168)

Abstract ; Finite-element models of the axial compressive behavior of square hollow concrete-
encased CFDST ( concrete-filled double-skin steel tubular) composite slender column are
established and benchmarked, to explore the mechanical behavior and the main influence factors
under axial compression, based on which the calculate procedures are proposed to predict the
bearing capacity. Six characteristic points were defined on the typical specimen’s load-deformation
curve to analyze the stress state on each characteristic point;the influence of material strength,
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reinforcement ratio, hollow ratio, diameter-width ratio, diameter-thickness ratio and slenderness
ratio on the bearing performance were quantified;finally the bearing capacity was calculated using
both superposition and reduction method, and compared with finite element results. The results
showed that square hollow concrete-encased CFDST composite slender columns exhibited good
axial bearing behavior,and the diameter-thickness ratio and concrete strength and the slenderness
ratio were the main influence factors on the axial bearing behavior ;the design procedures based on
superposition and reduction principal could provide reasonable predictions of the axial bearing
capacity , with the average value and standard deviation between the calculated and FE results of
1. 013 and 0. 038 respectively.

Key words: concrete-filled double-skin steel tube; composite slender column; finite element

modeling ; axial compressive performance ;bearing capacity
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Table 1 Parameters of specimens

g H/mm  Dy/mm  t/mm  Dy/mm  f/mm  f,./MPa f, . /MPa f,/MPa A /mm’ f,/MPa

u,out

SA0 4075 154 3 88 3 60 40 400 904 355
SAl -1 4075 154 3 88 3 40 40 400 904 355
SAl -2 4075 154 3 88 3 80 40 400 904 355
SAl -3 4075 154 3 88 3 60 60 400 904 355
SAl -4 4075 154 3 88 3 60 80 400 904 355
SA2 -1 4075 154 3 88 3 60 40 335 904 355
SA2 -2 4075 154 3 88 3 60 40 500 904 355
SA3 -1 4075 154 3 88 3 60 40 400 628 355
SA3 -2 4075 154 3 88 3 60 40 400 1608 355
SA4 -1 4075 154 3 88 3 60 40 400 904 235
SA4 -2 4075 154 3 88 3 60 40 400 904 420
SAS -1 4075 154 3 55 3 60 40 400 904 355
SA5 -2 4075 154 3 121 3 60 40 400 904 355
SA6 -1 4075 154 3 88 5 60 40 400 904 355
SA6 -2 4075 154 3 88 7 60 40 400 904 355
SA7 -1 4075 154 5 88 3 60 40 400 904 355
SA7 -2 4075 154 7 88 3 60 40 400 904 355
SA8 -1 4075 110 3 88 3 60 40 400 904 355
SA8 -2 4075 132 3 88 3 60 40 400 904 355
SA9 -1 2717 154 3 88 3 60 40 400 904 355
SA9 -2 5434 154 3 88 3 60 40 400 904 355

TE Ay AR A, o B INEEE LR A, o =B® - 7D, /43p=Ay/A, ousx =D/ (D, -21,)

3.2 WNAESEEIZMm 2500
9 Sy R NRICAR 2 p P IRSRIE £, ol A S as Mpapes 04
TN - o R, HETTI,p £, % A im0 P
BRPE K Ao, IN, p N2 1% K 150 T
=

#3.0% .5.4%BF,N, B 1 723.5 kN 34 /i 5 100l
1 823.6 kN .2 080.8 kN, 7 54#2&H T 5. 8% ]
H20.7% , 34w AT R, ELI IR EE p 35K
WL . £, A\ 335 MPa 425 %1 400 MPa,

0 2 4 6 8 10 12
500 MPa fif, N, Hi 1 777.5 kN 34 Jii 5 oo
1 823.6 kN .1 851.5 kN,é}%U%%T 2. 6% B9 RIS R E R R T N - e KRML
4. 2%, $8 1 55 7N ik {2 E 2 A5 AR, R B Fig.9 N - & curves corresponding different yield
BT 575 R B 3 2t 2 1 e S e strength of longitudinal reinforcements

and reinforcement ratios

RN,



CAR Ul

BHUESE  J5 s e Z A TR BE - B KA A e RE 41

3.3 NESHNXW

& 10 AR 250038 x AN A it i ok B2
fo FN-e XFRMZ, hEW W, NAIMNEE
[, TR A 235 MPa 4 5 %1 355 MPa 420 MPa
N, 11 679.0 kKN A %] 1 823.6 kN,
1 857.4 kN, 53 5l8& i 1 8. 6% F110. 6% , 14
WRAETEH . (LS R B, i oo 1T D 8 AR s o
0.37 #An %] 0.59 F10.82 i, N, i1 822.8
KN 725 % 1 823. 6 kN .1 806. 8 kN, 284K AR /N,
RS e R RN 2 0 R K, T e 50

7N

o]

—£,=355 MPa; x=0.59%
k -=~f,=235 MPa; ¥=0.59%
sk /% £,=420 MPa; =0.59%
~4-x=0.37%; f,=355 MPa
—-x=0.82%; f,,=355 MPa

Z
1000
=

500 -

0 2 4 6 8 10 12

10 A= DFRMAE IR T N - & KRMZ
Fig. 10 N - ¢ curves corresponding different hollow

ratio and yield strength of steel tubes
Bl 11 AR N AN A AR R LT
N-eXFRMZ, HET UL, 7, B 3 mm 30
25 mm F17 mm B (3R D,/t, 53515 29.3
17.6.12.6 ), N, B 1 823.6 kN 3 Ji %
1 916. 1 kN ,2004. 4kN , 73 42 % 15. 1% Fi

2500
—DJt=29.3;D/t=51.3
---DJt=17.6;D/t=51.3
2000 A 00 D/Jt=12.6;D,Jt=51.3
; ——D,/t,=30.8;D/t=29.3
—D /t,=22.0;D/t=29.3
. 1500
=
1000
sooff 0 Ml
0 2 4 6 8 10 12

11 AFIERIZILT N -s KR
Fig. 11 N - & curves corresponding different

diameter — thickness ratios

9.9% ;t, H 3 mm ¥ M 5 mm 17 mm B
(XN D /t, 439 A 51.3.30.8.22.0) , N, H
1 823.6 kKNI ANF) 2 039. 4 KN 2 266.9 kN, 73
BT T 11.8% F124.3% . KWK 4
G RE LR AT B S B U R T R
PO W, HBEAMR A 125 L R 2%
JIEE IR BT R AT, AR A B
TR T, X R 2 FEE P /Y 57 Rk 5
3.4 KU EZE LRI

12 g ASTa] AH E AA T A L  i
FN-e XFMZ, HEFIL, 3 D, /B Xt
R K, Bl e, W/~ D/B 0.5 5%
0.6 f10.7 B, N, H 1 672.2 kN 3 Jin 5|
1720.9 kN1 823.6 kN, /> %425 T 2.9%
9. 1% SEIEA T E . SHT R SMNE B
R NETREE 1 7E & S AR o B
R, Hoh Fe v BRI T IR LA ez
R T A IR A

2500
— D/B=0.7; 1=60
---D/B=0.5; 1=60
2000 43 e D,/B=0.6; A=60
—— A=40; D /B=0.7
—— A=80; D /B=0.7
. 1500
5
1000 -

£/10°

B 12 AR ARG LT N - KR
Fig. 12 N -¢& curves corresponding different slenderness

ratios and diameter — to — width ratios

EHE MR E (L2 717 ~
5 434 mm) #EHIH A0 L AE 1L (A BC40 ~80)
A H1 40 9K F) 60 F180 B, N, H12201.9 kN
W/NE] 1 823.6 kKN .1 480.5 kN, 4L T
17.2% 1 32. 8% , B i . 25 HL I i 78 AR
KR &y BN, K, Bl Z BEAR, 300 28 M e
iK%,



42 Tk B SOR S e AR (A R R SE R

%39 %

4 HhERRSIITE

ST R I AT O AR H 7 s
e SRR 1 B KO Pl T R AR 2
R,

Nu :Nu,orc +Nu,icfdst' (1)
Nu,orc :0'9¢(fckAc +fylAs>' (2)
Nu.icfdsl = go,(fﬁcyAsco +fysiAsi ) . (3 )

N, e @ 7B SN AT TR BE 1050 53 1k
FEARE AR AR E REG N, e @ 775 H
PR s e AR AR BE o il e AR R

e = M IR B+ 450 3 ik e )
(GB50010—2010) " £ Py 4 L {1, o 5 R
SCHR[S T gt oA

1.OA<A;
@' =1ar’ +bA +c, Ay <A< ;

d( -0.23¢ +1)/(A +35)7,A >A,.

(4)

g A, 30 Rl R A R A A
RGBT IR T AL A, =1 743/, Ay =
w/ ./ (420¢ +550) /1., & O L IO

o 1+ (35+2A, -A,)e
RHB; oa = L
(Ap_/\0>2

—ar, * - bAy; d =

e-2ak,; ¢ =1

0.05

235 25 %«

13000+46571n(fys) (ka+5) (0‘1) H
o=~ o HIMRE S LA,

(A, +35)°

fey FANIE 55 R0 TR B 1 O 205 Tl
BRI, ZHOCER[ 13 ] 3T .

fuy =C Xy + C, (1,02 +1.14)f,,. (5)
AP C =a /(1 +a),C, =(1 +q) /
(I+a),

R (D) AR ZHCR 0K
B, AR WAL 2, WERPAT DI fai kit
AR 5 TR 45 L A W By
1. 013 br#EZEN 0. 038, 25 R W) A 54

®2 MR ETITESS

Table 2 Calculation values of specimens

REGE  Na/kN No/kN  No/Nyg
SAO0 1823.6 1859.4 1.020
SAl -1 1762.8 1790.7 1.016
SAl -2 1 881.7 1936.8 1.029
SAl -3 2198.5 2113.8 0.961
SAl -4 2481.6 2367.9 0.954
SA2 -1 1777.5 1816.8 1.022
SA2 -2 1851.5 1925.7 1.040
SA3 -1 1723.5 1778.9 1.032
SA3 -2 2 080.8 2 064.9 0.992
SA4 -1 1679.0 1654.0 0.985
SA4 -2 1 857.4 1964.4 1.058
SA5 -1 1822.8 1940.4 1.065
SA5 -2 1 806.8 1706.2 0.944
SA6 -1 1916.1 1982.1 1.034
SA6 -2 2004.4 2098.7 1.047
SA7 -1 2 039.4 2134.6 1.047
SA7 -2 2 366.9 2419.7 1.022
SA8 -1 1672.2 1 583.0 0.947
SA8 -2 1720.9 1717.9 0.998
SA9 -1 2201.9 2160.5 0.981
SA9 -2 1480.5 1582.7 1.069
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