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Study on bearing capacity of T-shaped concrete-filled steel tubular
members considering different loading angles

HUANG Yuning', ZHENG Yonggqian', LAI Pengsong’
(1.Fujian-Taiwan Cooperative Institute of Civil Engineering Technology in Colleges and Universities of Fujian Province
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Abstract; The calculation models of stiffened and multi-cell T-shaped CFST compression-bending members at
different loading angles were established by using finite element (FE) software ABAQUS. The FE calculated
results agreed well with the test results. The parameters affecting the horizontal load P- displacement A curves
of T-shaped CFST columns were analyzed. The results show that the T-shaped CFST members have the lowest
bearing capacity at a loading angle of 0°. The bearing capacity of the members is the largest at 67.5° in a nega-
tive direction, which is about 13% higher than that at 0°. In the range of 45° to 90°, the difference in bearing
capacity is generally minor. With the increase of steel tube yield strength, concrete compressive strength, steel
tube depth-to-thickness ratio, the bearing capacity of stiffened and multi-cell T-shaped CFST members under
diagonal loading increases. Based on the traditional CFST, a design method for the bearing capacity of stiffened
and multi-cell CFST members considering different loading angles was proposed. The predicted results using
the simplified formulas agree well with the FE results and test results.

Keywords: T-shaped concrete-filled steel tubular; compression-bending members; loading angle ; bearing ca-
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Fig. 1 T-shaped concrete-filled steel tube model
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Fig. 2 P-A test results compared with the results of ABAQUS
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Fig. 3 Comparison of failure modes of component TR45-50-0.25
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Fig. 4 Comparison of failure modes of component TM45-50-0.25
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Fig. 5 Influence of steel strength on envelope curves of members
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Fig. 6 Influence of concrete strength on envelope curves of members
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Fig. 7 Influence of length-thickness ratio on envelope curves of members
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Fig.8 Influence of loading angle on envelope curves of member
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2 MAH T8 A5
W =17y (2)
Korp, 1, MALA B ; y R O R 527
EBUEZ IUNIER
y, WEATF,
W T A
v, = 1.685 + 0.778In(& + 0.1) (IE[1]); (3)



334 R TR B4

y. = 1.716 + 0.792In(& + 0.1) (fAf); (4)
Z= T IF
y. = 1.404 + 0.648In(& + 0.1) (iE[A); (5)
v, = 1435 +0.662n(& + 0.1) (fam]), (6)
LGN A TR EE - A — 3, T TR
TREEFAL SRR R N, = A, - f.,.
FRERR o A IMF™,
1(A <A,
p=qa-A+b-A+c(ly <A<A) (7)
d/ (A +35)%(A > X))

Af d= _13500+48101n(ﬂﬂ[/ck+5j [O.J '

L+ (35+2A, —Aj)e
()\p _/\0)2

H =e—2ap;

c=1-a

A= b+ A 4
0 09a_AO

A, T 73 ) Ry R A1 S A AP D 5 e O
MR AL = 1 811/ f, 5
A= 1/ /(220 + 450)/[ (0.85 + 1.18) - f, ]
JE S P i i S50 T 5
Co=1+0.146";m, = 0.1 + 0.1367%%;
fop = [0263 + (£,/235) + 0365 - (3/f,) +0104] - £ ;
£, =3.01x10°fE =1 /&
FBK A LS, 50 NS TR EE T SR 1
N/N, = M/M, F1E)5HEN

I N aM N
——t—— B, =1 — =20 8
o N, d Muﬁm N, @ Mo (8)
N2 N 1 M
— b S — —+ — = 1
(Nu] ‘ (N) du P
N/ N, < 2¢° + 1, (9)
14 r
12 F +10%
10 | o SgE™ e T
& 08t \-10%
o 06
04
02 F
0.0
-1500 -1000 -500 O 500 1000 1500
P, /KN
(a) BEA

%518 45
1 -¢ 204, - 1)
a=1-2¢"-nyb= 320;02 : ;
P Mo Mo

N
d=1- 0.25[j s No=m'-E_ A/ N,
N

E

B, RS AR R AN He I KA (N S ik
THERTEY (GB50017-2017) 1 Wy HUfl

FTSHHT, % R FR il RE S 3k
7 TIEBEIREE LA UKV &) P, AT

W

iEm] . P, = (3.850° —1.082n + 1) + M /L

0<n<06 (10a)

P, =(19.9n-10.4) - M /L 0.6<n < 1(10b)

. P, = (4.544n” —1.605n + 1) - M /L
0<n<0.6 (11a)

P, = (1251n-11.6) - M,/L 0.6<n < 1(11b)

R
il

IEM P, = (3n* =0.776n + 1) - M /L
0<n<07 (12a)

P, = (2581n-1622) - M /L 0.7<n <1(12b)

il P, = (2.24n” =0.75n + 1) - M /L
0<n<06 (13a)

P, =(18.7n-11.6) - M /L 0.6<n<1(13b)
3.2 AXIIE

& 10 FEL 11 Z05lgs s T A ROTiEAE Py 5
At P, R P, ST P, BRI
L, AT UL PR LR 22 (B34 7E 10% LAY, RN
1 P/ P, B 3B RN A5 E 22 53 501 24 1.004,0.045,
P,./P,. WIEEFIFREZE 54 0.993 0.066; 2 = 1)
1 P/ P, B35 (E FN A5 E 22 53 501 24 0.995.,0.038,
P../P, W¥ERABRIEZE /3120 1.028 0,073, AT UL, &7
25 RS BRIT S 2 1wy A 34

14
12} +10%
R AR

°\:: 0.8 ™ 10%
Lo6 |
04 |
02 |
0.0
-1500 -1000 -500 O 500 1000 1500
P, JKkN
QEZ

10 ERtEEREH P, S5ERTITE P 3Tt

Fig.10 Comparison between simplified calculation of bearing capacity P, and finite element calculation of P



5 4 1Y WET % AR T RS TR EE RS K3 15T 335
14 14
12 t +10% 12t +10%
e _/ cce— e _ «—
I Fep e s 1.0 o o
g C AN © 2 08 [ o=
g 08 -10% SN -10%
2 06 | 2 06 f
04 04 F
02 F 02 |
0 1 1 L 1 1 1 1 J 0.0 1 1 1 1 1 1 1 J
80 -60 -40 -20 0 20 40 60 80 80 -60 -40 20 0 20 40 60 80
P /KN P, /KN
(a) WM QEXA
B 11 EitEEREZEN P, 5K P, XFEE

Fig.11 Comparison between simplified calculation of bearing capacity P, and test Py

3) B A9/ e A o JEE | S 5 - U T o EE | Y
HRIELL M ZE T IE M8 R 5 7R
(] TN A AR AR AT S TN - A et e 2 AR T
FERT R 10 43 W2 R 2 MELAR

4 it

1) R H ABAQUS &7 T AR N2 A 1% i T 15
L% T AN TR EE + RS T 22 RE A

FROTARIY ALl 45 R 5 I A R AL

2) ngfa Sy 0o mb, T B TR BE L 44 1 1 7K
B EAR, 1 67.5° T NGRS 44 1F 4 AR 2801
K, TEE O E f A F K 13% 247, 18 45° ~ 90°

4) BT AL GO A TR BB b T R R G il 2
Ik R TIEA T M Z = TIEME R
e R A [ 3 A 2 1 00 R B BT AL BT 28
o, TR AR 5 IROCEE R SO g 45 R 4 45

[ARES B E2ZERIAK WG, TR R T AR B AN RIS
S

[1] ZHENG Y, ZENG S. Design of L-shaped and T-shaped concrete-filled steel tubular stub columns under axial compression
[J]. Engineering Structures, 2020, 207 110262.

(2] &%, &%7%, i, 55 W0 TIRWEIREE R 2IERERTST (1], BREHA4, 2018, 39(5) : 132-137.

(3] Wi, sbuk, B, ot r94a TR MRS LA AR IERE IR DIoT[ )] . HRA5 224 ,2014,35(11) :36-43.

[4] Tralde, HES, W7, & A6 T IREm R E TR EE A ER 2 R BIHRmpsE[ 1], EAR TRE2EH, 2009,
(6): 14-21.

[5] XU L, DU G, WEN F, et al. Experimental study on normal section compression bearing capacity of composite T-shaped
concrete-filled steel tubular columns[ J]. China Civil Engineering Journal, 2009(6) ; 14-21.

[6] LIU X, XU C, LIU J, et al. Research on special-shaped concrete-filled steel tubular columns under axial compression[J].
Journal of Constructional Steel Research, 2018 ,147.203-223.

(7] Bk, B, XUMMR. 22 A0 IR EE L T IR MIFEiZ A ERem e[ 1], TR 1%, 2012, 29(9) : 185-192.

[8] TU Y, SHEN Y, ZENG Y, et al. Hysteretic behavior of multi-cell T-shaped concrete-filled steel tubular columns [ J ]. Thin-
Walled Structures, 2014, 85.106—-116.

[9] ZHENG Y, LAI P. Experimental behavior of T-shaped concrete-filled steel tubular columns under diagonal cyclic loading
[J]. Journal of Constructional Steel Research, 2020, 169:106037.

[10] TAO Z, WANG Z, YU Q. Finite element modelling of concrete-filled steel stub columns under axial compression[ J]. Jour-
nal of Constructional Steel Research, 2013, 89, 121-131.

[11] PR, EALE, TLILEL. NATREE LA RT SHGER R M. deat. ERKRF M, 1993.

[12] EhAkiE. B TREE 1450 —3e 5k M. 3 Wit dbat. Bla=iiiit, 2016.

(137 MRS, R 52 07 B IR BE L IR AT R I PEBEOFIE [ D] A - A g TR 2B, 2019.

[14] rhAe NRILANE L 55N 2 JBE. WA BRI : GB50017-2017[ S]. Jbat. bR ST Tl ittt 2017.

(REHE: Bk =



