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Constitutive relations and failure criterion for rectangular concrete-filled steel
tube members under pure bending
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Abstract: In order to evaluate the ultimate bearing capacity of rectangular concrete-filled steel tube (CFST)
members under pure bending, the modified constitutive relations were proposed for steel tube and core concrete,
and the bearing capacity failure criterion was developed. Firstly, by taking into account the favorable biaxial
tensile state of the steel tube in tension zone and the unfavorable biaxial compressive-tensile state of the steel
tube in compression zone, the modified constitutive relations were developed for steel tube. Then, the test
database of short rectangular CFST members under axial compression was adopted to obtain the peak stress
expression by means of regression analysis, and the modified constitutive relation of core concrete was
presented. Moreover, taking into consideration the strain hardening of steel in tension zone, the bearing capacity
failure criterion was defined based on the limit state of ultimate loading capacity. Finally, the accuracy and
applicability of different constitutive relations and failure criterions were verified by means of the test database
and the fiber model method. Results show that the proposed constitutive relations and failure criterion can lead to
higher accuracy with wide range of application for the bending capacity of rectangular CFST members under
pure bending.

Keywords: rectangular concrete-filled steel tube; flexural behavior; constitutive relation; failure criterion; fiber model

E-mail: Ifyang@gxu.edu.cn

EEWH: BRAKRB SIS E ST H(51738004). HX A AKF
22 130 H (51478125)

EHFiA: Mgk, W+, i

Wk H: 2018-03-15



H52% 1

WERIESE - FOEAVEIREE - 2 SRR S R 5 AT 61 -

51

[l

I IREE T ( Concrete-Filled Steel Tube,
fijic A~ CFST) HA KU1 K EE S FIEEPERE
BT, RS TR M,

NFFERHIE CFST MU TERE, FEMIbAEIT
J& T R g B B, LI TR [ LA R

SERNAA LD BT R R IR A i B IR A R R B,
HiJE CFST #fFBA RArmyiasteae, WEIREE+
FEZE T AN B SRR IE M, R T AR R R RE ) A
FEPE , B> FA A Z PR AR B 2o KM A 0 75 ff 2 132 7%
il £ T B BT R 3 6 B A R L AR A
B, AT ST EAL B TR A . A Rl
T T o o R0 e L2 TR o o o B ) 400 0
Hp o e RUEAE S B0 . Rk, 5L
Rl BIFRAIY CFST M52 JitERE S M i A5
TR, BHIFF0RS B 5 A0 R A G 2 RN 32 25 4 4
RACHYR VARS8

B N AR SR T A (R 1 2 35 i e R B
CFST MfFduis ks Jy, WAL A (anm KN
IR FIHE ) RN R g KN I3/ R .
] b o AW B TR BE T 45 A B R M )( GB 50936 —
2014 ) ( fiFK CFST FElr ) A4 e 4 5 b v (49
EIREE T 25 AR ) (DBY/T 13-51—2010) ( &
B CFST #in ) POLLA A 5 K 28 15 81 0.01
(10000pe ) 4 CFST 225 f{430m) Fl s, J& T
I HE ; hE TR SR S bR ifE (B
EIREE L M AR MA ) (CECS 159:2004 ) ( i FR
CFST &5 ) PU| L EMLEHTh & HLIE ANSI/AISC
360— 10 Specification for Structural Steel Buildings>>
( fATFK AISC )| WM bR AL 2 R EC4( 2004 )
( Design of Composite Steel and Concrete
Structures ) ( fAjFK EC4 ) P45 7] A FRP- 7 38
3 ol B RS R AR BT R T,
J& F 13 . PRI R R A AR, EARRR
il TR A R R AR, HYR T RS
NARGRAL (AR X DL FE o R R B AR Ty . B
R LMY CFST 25 7E A T 48 K A 1% il
TR BE ks R, BAEZ RN S A
P AR EA,  PRLIHCRE S 28 AR A 2 IS A 1 1 S8t
TRE S, HUNEZEMIE CFST 243 M1 A& AE
JIRBRARZS, A 57 T fin5 2R A 2R 0K

ML, ASCHE T B AL TR BE A e R
EIERIAY, B TOREBE I BRARZS, #5217 AP
CFST 22 ¥ {1 i AR & B , 385 - Rk
HRAR SIEEAR X LT, SR T A SCEENT 1Y
AR RIBERE ARG 56 2248 TEA R (R A& I

1 AKX REERE

FRIAH 5 2R RS £ 5 ST BB RHI 52 1 PEfE
WL RS R RN, RITREIE CFST M4t
ERE S BT A LA
L1 SR AKX RIEERE

25T RE B0 A A8 A A 5L T A AL i 9 P A
ARULT2823] iy A i Al AN 21T 2 p A T il B
WA R 2R X 2 R Z R X AR A 2
R R A - S S O L LG
M5 A 32 3 X 32 TR X A2 IR HA B35 X
Sl R A2 7 DR AR T G 1] LR 1) 48 A2 7 A U
SR IR RS, ITTEAS K 5 2 op 2% 1B 78 54t
T8 SN L S S e A2 fr XA I 2 R . T
Tao 55OV N7 A B AR 5C AR RY B A% (W] B3 T
BN AN = o A9, HAT 0% T8 T YA 5 B R AR 5
AR R BN, K HELE R A R Y i A B R AL
RENE T B S A2 A A AR

Ees, 0s¢ <e,
<
fy &, S¢g <¢,
o = E—¢ (1)
s fy+(fu—fy)€ _8" 5, < ¢ <¢,
u P
1 £, ¢

K. B B IMMELR, &, & Me, 051FRRH
R A% | SR B A AN A R SR A B RN A, Ay
S 5 A T Bl B AR BR BT h R B, A

7 {L6—2xufgg—2om 200< f, <400

fy 1.2—3.75><10’4(fy —400) 400 < f, <800

£, <300

15
= (3)
y‘h—mmm—mmsmgﬁgmo

® |

g, {100 S, =300
&, 100-0.15(f, —=300) 300= f, <800

AR, 520 KANE LTI ZH ., I

] 3 RS, M BEAR SO PR RO BEAS AE — @ R S |
J2 e 21X T A 4 Ul 3 AR 1 TR,

(4)



162 oA TR %

2019 4

HIE A, PR IS SOR B 528 A5
FE DX AUA R O 2%

TR 2

Ee, ¢ .<g, (5)
9= fy& = &,
iR CFST 2 # A S R W 1 s o
A RiJ
2 C D
54 |
| |
| | |
| | |
| | |
sl || L g
e & &
|
|
F £

B1 WEAHXREEHEE

Fig.1 The modified constitutive relation of steel
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Table 1 Test database of members under axial loading
I Kok HIt K 1 S
SCHR[31] 4 35.0~47.2 10.4 228 412
SCHk[32] 30 30.0~133.7 10.4 282~404 34.5~59.3
CHR[33] 20 20.5~36.5 10.4 321.1~330.1  8.9~37.4
SCHk[34] 7 24 8.7 343.3~386.3  25.5~28.6
SCHR[35] 13 24~30 3.5~8.7 340~362.5 31.5~37.4
SCHk[36] 18 20~50 10.4 239.8~403.37 30.8
SCHR[37] 6 40~60 10.4 227 24.7~32.5
SCHk[38] 12 51~91 8.9~10.5 318.3~380 24.8~54.3
SCHK[39] 3 34.5~57.1 10.4 291 54.2
3Ciik[40] 6 20~50.7 10.4 385~458 23.8~68.8
SCiik[41] 6 24~43.7 10.4 550 50.7~60.2
3Ciik[42] 8 26.5~35.0 10.4 495 50.0~75.0
SCiik[43] 8 20.7~34.5 10.4 300~495 45.9~90.2
3Ciik[44] 6 25.8~54.2 10.4 250~506 39.0~70.1
SCHik[45] 4 47.4~71.2 10.4 255.1~305.1  66.7~78.0
SCHk[10] 6 22~42 10.4 750 22.3~26.0
3Ciik[46] 9 34.9~75 10.4 300~348 14.4~29.0
SCHik[47] 10 40.4~71.8 10.4 279.9~283.6  31.7~42.7
CHk[48] 48 18.4~74 10.4 262~835 20.1~64.8
Gt 224 20~133.7  3.5~10.5 227~750 8.9~90.2
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Table 2 Results from different expressions of peak stress
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Fig.2 Constitutive relations of concrete
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Table 3 Test database of CFST members under pure

bending
3 i HIB Hit f,(MPa) fu(MPa)
SCHR[9] 4 1.0 23.5~44.1  198.0~311.0 12.5~16.9
SCHR[8] 12 0.6~1.7 16.0~39.7 377.0~432.0 34.2~39.4
SCHR[4] 16 1.0~2.0 20.5~51.2  293.8~330.1 16.7~26.0
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Fig.3 Fiber element and strain distribution of the section
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Table 4 Detailed parameters of N1-N3

He TR #'5  H(mm) B(mm) #mm) f,(MPa) fu(MPa)
SCHR[3] N1 246 246 3 300 28.14
SCHk[6] N2 140 140 3 235 43.91

SCHK[S] N3 175.57  133.6 2.9 319.28 71.92
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Table S Bearing capacity of representative members
under different failure criteria (kN-m)
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Table 6 Errors of results from different failure criteria in
design codes

s I 4 JIH AR
CFST [H45 CFST Hitr  AISC EC4 F 45
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o, 0.218 0.118 0.112 0.089 0.105
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Table 7 Detailed parameters of N4-N6

P 3 %%  Hmm) B(mm) #mm) f(MPa) fu(MPa)
SCHKI8) N4 152 152 4.8 389 39.36
SCHR[4] N5 120 120 3.84 330.1 16.67

SCHRIS) N6 149.63  149.63 295 319.28 71.92
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Fig.5 Contribution of concrete in tension zone
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Fig.6 Comparison between calculated and test results
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Table 8 Comparison of different constitutive relations

A A R A HfE A8 5 A
SCHK[49] 0.893 0.094
SCHR[17] 0.901 0.090
SCHK[25] 0.891 0.091
SCHR[12] 0.935 0.110
SCHk[11] 0.861 0.089
A AT AY 0.964 0.109
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Fig.7 Results of moment versus strain
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Fig.10 Results under different concrete strengths
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Fig.11 Results under different steel strength
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