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Calculation Method of Axial Bearing Capacity of Concrete-filled Square

Steel Tubular Columns Reinforced by Inner Circular Steel Tube

ZHANG Zhi-quan', ZHAO Sheng-min®, ZHANG Yu-fen', WU Tao'
(1. School of Civil Engineering, Chang’an University, Xi’an 710061, Shaanxi, China;
2. The Eighth Building Engineering Co. , Ltd. of Shaanxi Province. Xi’an 710068, Shaanxi, China)

Abstract: With consideration of the double confinement and the decrease of longitudinal stress
because of the hoop tension, the ultimate stress of the inner and outer steel tube as well as the
inner concrete under axial ultimate stress state were analyzed respectively. The bearing capacity
of steel tube was calculated by using the twin shear unified strength theory and the theory of thin-
wall cylinder, and the axial bearing capacity of concrete under three-direction compression was
also got. Through analyzing that the axial bearing capacity of compound column was influenced
by diameter-to-thickness ratio and diameter of inner circular steel tube, a comparison was
conducted between the results of the bearing capacity of the concrete-filled square steel tubular
columns and that reinforced by the inner circular steel tube. The results show that the axial
bearing capacities of the compound column under axial compression agree well with the
experimental results of reference. Strength contribution of the inner circular steel tube is that
provides particular reinforcement for the inner concrete, so that the concrete-confined square steel
tubular column reinforced by inner circular steel tube is greatly improved in mechanics behavior.
Key words: inner circular steel tube; concrete-filled square steel tubular column; axial compres-
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Fig.1 Equivalent Cross-section
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Fig. 2 Axial Compressive Forces of Compound Column
1 A FR P 1 3 7
N=N,+N;+N,+N, (D

X NN NG N Na 25N AFE SR
WA HNZ IR BE A RN JZ IR EE 1 A FRR 2T
2.2 WERHNTE
2.2.1 RFL—IBEE®

1991 4%, A 5% 7 76 H RS9 53 3 J08 iY BL il |
DARUSY R 7 BG4y B Y L S 1 — 4 /Y
T HIE) 2L R e B T T AN TR AR XUBT 4



% 24

RERF b7 WEME & L4 ERE ATk 65

— BRI H N  RIA AR

F:O'17

+O‘3 ) 05

2 (s
1+p 7% 1+a

T 0o
FZIL_’_b(m +b6,) —acs; =0, o0 2611 _:;3 J

KM :01.00 005 N 3D FR ST 50 R A B P 58 S
Wsa=0./0c 0000 5351 R B4 RE I it A et IR A BR A
245 i AR B 5 & Ry AU 2550, S e Y v ] 0 1 g K A
AR T T R X A ARk e Ml 1 A ) 5
2t R 22 O TR BE - b R T A AN A i AR R
Fe (Bl JEE B R F 855 1 20, PR ok 9 480 10 Sy T B
W . H v RE [ R R AT il R T o AR ) R
31 o, MR R HT 00 53 51N
Ui:Ns/(Zrcrt)l
o,=—p (3)
oy =pr/t [
AP NG A BT R sz /9 Bl e 0 p o A0 TR BE
XA B AR 18] FR R T s e A3 ) DR AN AE I A RE 2 AR
FIREJE
R 55 v (5 3 B L b R T A R 3R
1+6 f)ﬂ

O'Z<O'1 +a/63 l
-(2)

N.=2nrto. 2mrt

—2xrtabp  (4)

FH R AT XA B R 2 T A p B PRER . R
oo AR 370 0 Z0URS S AR N AR 1) g o AR i 5 0
B B A MM FRORES T - AN B B 8 k. 24499
B RIS ) B 738 B8NS e RR A BR T & R KA TE R
LA T, BT XA TR EE 1 0 R 38 ) 38 21 e R
B o FR PR ) $0 0 T 58 B A% AT A5 B KA ) T 6,0 B
:jpr/téfm
i<y,
s Lo S 2R A AAE TN AN 1) S s
2.2.2 FAEAREAN
V7 B TR B A ) B 5 TR B - i R e 5 i AR
R4 A Sk TR N A TR 58 B9 S5 TR B T A B
ro=B/Jx=0. 564 2B

(5

L
Q={Q—U%QAHMEZQ5MZDJ%B—ﬂJﬂ

A : B, 40000 J7 WA TR BE 1 B9 A1 i1 KR 45 B
JE 5 7o vt 300 Ry A R IR R A D BE AR RN A BE TR
BT WEXREE LA SAR . GIATH
I3 JEE 5 ) ) 5 R 2 R AT U AR B & o AR AR
EXHREE LS ARSI . AR o=
/B W HAR KA
£=66.474 1v*+0.991 9p+0. 416 18 7
MR poo=tof /1o o poo S J7 98 XS

M Z R BE O ) 5 S5 2T A A8 X A 2 TR BE L
FEAE WA ) R
R (8)
W OMAZ ), RIS 2 75 89 4 1 B B 7 2
Jo BT REEN M 2 B A W] IR S0k I
HAE AR TR 75 B 4 — 53 J8 BRO8 iF S5O i 1
MREH «=1. X 6=0.5 B, 0[5 Mises Ji Iz #E W] 1
At A H
Ny =3nrolo foo (1= —nt’Ef (9
2.2.3 MEMEARED
H &L 2 TR P B A AN A2 R IR BE 1 A
G5 1 poo e [ B 3 A7 A1 2 1R B i 1) 2 3R
PNER S pa=pa— peo I 207 po =27, puo s FIT LA

Ty
psiil)cl 7 pso (10)

s po IR EE N ) Fy 5 Ry N B9 A1 BE 2 A2
)15
pa=tfa/ri (1D
Areo BN A RE R
B ADARAZ ), BIAE 21 P 8140 48 174 1 BR 7
.71, Mises &Pk T 1T~
Ny=—nt!fq (12)
2.3 BELARHEHITE
2.3.1 =@ ERELEERE
BT AR I 29 AR A 2 TR BE -
SEAL T =10 2 RS IR EE R S £ 5 p 2
ISP R

ﬂ:ﬂo+L5/%+2%> (13)
K. o p=0 BFIREE - 0 5k T R B

2.3.2 SrERELIARESN

A 5 B SR EE I AR AR S R IX
FEAEA R A DX B 0] 43 o T2 2R H TR BE - 5 32 47 Dk
Ry, =1. 67D, K SRR A ALY X AN ) 2y
SO 5w o D Sk 45 23018 AR A TR E AR
BTHNRE,

SN ZTR BE 152 B AN I 1 2951 7 pAEH
HAEH

Peo=bw=Elofw/Ts (11

FE G TR BE 58 B 3 8 7R BIORN S A 2 AR ek R

BUG » HANZ R EBE - 1 BR K 28018

No=Aurfo=Aur.f.(1 1.5, /%H %)z

gtof‘so +2 gtofs()

n(ri—ri)y. f.(1+1.5 it T

) (15)



66 AHRAAFTE LEFR 2009 &

A A R AR B W R S AR TR B
SR

o A N 2 TR R AT R £ N2 TR

SREE s )RR BE T HAR

2.3.3 MERBELEAKA B (9. (12) . (15 AR AR (D Af 5 5] Py
b 20 (10D AT 45 o8 JZ VR BE 0 1) ) oy IR 444 5 05 40 45 TR B 4 A R B Bl R 3R T

o " ro o t . g[o . > Ay
pcl_psi+pco_ps|+7ipm_7{][514_71](“’ (16) 3 /L\\EtE,\J'ﬁlIE'Eﬁ*ﬁ

A AORAI LD TRy FHRFEI 0 T8 30 4 BT SR 00 190 0 . 4

Nd:Adf;:Adfc(lﬂ5ﬁ+2&): W L. R LT AR SO i
Jeo o ) W) B E A SO B 97 0 AR B T 4 s
, . 1 o, | &, .
T[rdfc[l—’_l. SN/E(Z][ﬂ—’_TIst)—F

L B S FE A R 3 AR/ B S AR TR BRAR S
I o 7R B ) A 1 R o 7 A TR B R A L AN
RS TR AR EE AT . D SR T

®1 AHEAHEESKEE L

Tab.1 Comparisons of Calculated Values and Experimental Values
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Fig. 3 Relations Between Parameters of Inner Circular Steel

Tube and Bearing Capacities of Compound Column
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Tab.2 Comparisons of Axial Bearing Capacity of Concrete-filled Square Steel Tubular Columns and That
Reinforced by Inner Circular Steel Tubes
K5 | B/mm t/mm | fo/MPa |2ri/mm| t/mm v Se/MPa | Nai/kN | N/kN \]:]7:]‘/% Hodha R 5t
CR4-C-8 215 4.38 262.0 160 2.0 80 53.8 3 837 4 810.6 25.4
CR4-D-4-2 323 4.38 262.0 220 2.8 79 27.5 4 830 5770.9 19.5 SCHR[L9]
CR8-C-9 180 6. 60 824.0 120 1.5 80 61.0 5 870 6 987.9 19.0
sczsl-1-4 120 3.84 330.0 80 1.0 80 33.0 1 080 1351.0 25.1
sczsl-1-2 120 3.84 330.1 80 1.0 80 20.9 882 1094.8 24.1
sczsl-2-4 140 3.84 330.1 100 1.2 83 36.6 1470 1803.9 22.7 SCHk[10]
sczs2-1-4 120 5.86 321.1 80 1.0 80 35.2 1460 1795.6 23.0
sczs2-1-1 120 5.86 321.1 80 1.0 80 20.1 1176 1437.0 22.2
CFRT40-3 200 5.00 366.0 140 1.7 82 24.7 2016 2776.4 37.7
CFRT40-5 200 5.00 366.0 140 1.7 82 32.5 2 468 3179.4 28.8
CFRT60-4 300 5.00 366.0 210 2.5 84 28.3 4 603 5616.7 22.0 HRCIL]
CFRT60-5 300 5.00 366.0 210 2.5 84 32.5 4 381 6 065.3 38.4
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