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EQUIVALENT UNIAXIAL CONSTITUTIONAL RELATIONSHIP FOR
THE ENCASED CONCRETE OF T-SHAPED STEEL TUBULAR WITH
BINDING BARS
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Abstract: The behaviors of T-shaped concrete-filled steel tubular (CFT) stub columns subjected to axial
compression were experimentally investigated, including 11 specimens with binding bars and 5 ones without
binding bars. The effects of the spacings and diameters of binding bars, thicknesses and strengths of steel plates,
and section sizes on the failure modes and bearing capacities are discussed. The results indicate that the buckling
modes of the steel plates are changed, the local buckling of the steel plates is delayed, and the bearing capacity
and ductility of the T-shaped CFT stub columns are improved by setting binding bars. Based on a reasonable
assumption, the T-section is divided into a square and three rectangular sections, in which the rectangular sections
have binding bars while the square section has no one. The constitutional relationship of confined concrete is
referred to build the equivalent uniaxial constitutional relationship for the core concrete of each section with clear
mechanic concept. The results of load versus strain curves calculated by the proposed constitutional relationship
are in good agreement with the experimental ones.
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Table 1 Parameters and experimental results of specimens
N N\Je NIIC N\JC _

%5 (ai/ay /by/by /t/L)/mm (as/bs/dy/n) /mm (fox /fay [foy)/MPa (&d/€ss[€90]) /e Ny /KN N, N N e
Cl 78/78/78/78/3.75/720 - 34.84/374/- 3680/4427 1654 1 0.903 0.89
C2 78/78/78/78/3.75/720 50/50/6.75/1 34.84/374/493 7739/20752 1932 1.17 1.055 1.04
C3 78/78/78/78/5.73/720 - 34.84/347/- 6247/8242 2225 1 1 0.95
Cc4 78/78/78/78/5.73/720 50/50/6.75/1 34.84/347/493 13231/28561 2567 1.15 1.154 1.00
C5 78/78/78/78/3.75/720 50/100/6.75/1 34.84/374/493 4084/8939 1796 1.09 0.981 1.00
C6 78/78/78/78/3.75/720 50/50/5/1 34.84/374/489 4819/11215 1781 1.08 0.973 0.97
C7 78/78/78/78/3.75/720 50/50/8.5/1 34.84/374/372 7243/[28832] 1863 1.13 1.017 0.98

C8 78/78/78/78/7.8/720 - 34.84/285/- 5265/7941 2294 1 0.983 0.94 AT
c9 78/78/78/78/7.8/720 50/50/6.75/1 34.84/285/493 18301/35742 2513 1.10 1.077 1.00
C10 78/78/78/78/3.77/720 - 34.84/289/- 2819/4741 1505 1 0.949 0.92
Cl1 78/78/78/78/3.77/720 50/50/6.75/1 34.84/289/493 5814/24802 1637 1.09 1.032 1.01
Cl12 178/78/78/178/3.75/1320 150/50/6.75/1 34.84/374/493 3985/6114 2971 - 0.877 1.00
CI13 178/78/78/178/5.73/1320 - 34.84/347/- 2623/5208 3216 1 0.785 0.90
Cl4 178/78/78/178/5.73/1320 50/50/6.75/3 34.84/347/493 20045/26130 4913 1.53 1.199 1.00
C15 178/78/78/178/5.73/1320 75/75/6.75/2 34.84/347/493 8856/16140 4481 1.39 1.093 1.00
Cl6 178/78/78/178/5.73/1320 150/150/6.75/1 34.84/347/493 5252/6158 4162 1.29 1.016 0.99

GZ10a 200/150/150/200/10/1500 150/150/14/1 30.83/357/358 5433/- 9146 - 0.993 1.03 R3]

GZ10b  200/150/150/200/10/1500 150/150/16/1 35.15/357/358 4217/- 9083 - 0.944 0.96
TEME 1.002 0.977
LIRGEA 0.094 0.041
HH R R HL 0.989 0.998

M ars ax bis by o LEGRIAFRIUAGS, B 15 ag bes dsn n 530 GBI LRI e NP RS ] [ BE . EARRISNEG faos faps

Soy P3N R IR TRE L B AU SR . ANBCRN 29 SRR AT S IR, o f4=0.76 0w fow AVRTRELBRUESL TTARPURBRIE s £0n ens[e00] 73 70 A WEEAEL T
P AR R BRI 85%(IAM CT i 90% ) BR AR 28 ) I ERIAR BRSPS 31 AR s Ny A B BRAR BT JRIAL s Nae /Ny 2 0 I IR R A3
SRR ZAE R ICRAT A AR B AR B BT EUAEL s Nuo/Nun AR RS0 B 5 40 SR ITMIELAE:  Nue /Nos AR RS8R S ) 5 4300575

TSR RS A



106 T ™
a:ZSS(iCU)
a=438(C{2~C16)
a=550(GZ10a~GZ10b)
nxas 30, i 30, nxds IEASoR
s " ‘ " " /5 x25x8mm e NI
3 RN MR - § " )
ST T T e o W A Sz
== all 7 RN SRR
=5 % B el NG MR
S T T AN e Y
50 SEES e J A 12ds
%%% 4 3 L #iﬁﬁ WIS bs 220 (77577 ﬁ “ ﬁ
WY P = ‘* ) — R
SIS o . N AR
%HE ﬁELJL wﬁﬁgﬂ wx\ﬂfﬁWWHU 5 2
a 2 a — —
1 71 :‘: 71 1 ﬁ%*«l— ”&[ﬁj
1-1 PSR (X2
, 550 (C1~C11) . 550 (C1~C11) ,
s 400 (C12~C16) " " 400 (C12~C16) ’[
o8%—
= O
14 * , * BRI
g AL
SZL FESK () )
o & |51 oY € Bl oY
AT ]
S e ¢ oo —_—
~ca (SIS 51 e} € SIS}
—
9 z oyl DET %3 £ i
3 (OS] IV PO T [0/
S 1
oR /BB 1251 BECT . € SIS}
5k
o e 51 A q 51
(SHa! 51} € Sl e}
S8 —
3
0o
2]
(ol o\l
1E NI U] 7.1
K1 g K2 nddedE Rt E
Fig.1 Types of the specimens Fig.2 Test setup for loading and arrangement of

K H 15000kN AT Hs g ALt n il ) fip 4,
MBS E QP 2 i . FEURIY BCR F i g i 1
I T, NI Ok 2kN/ss 4 AR-AL RS 2R
HLAR N ih 4 LS SO AL it im0 =8, &k
HEYEHIN 0.005mm/s. 2 1 AL E AT S
FEIRAR HRE S AR 4 A0 T A O
B EARE E NN E AR, T -0
TP i S AR B, 4 AN AR A T3
AR ) T34 TR o AE R v B v ) o7
LR BAT R A THT B Ay A3 ) A1 F BE
TR s DA S AF A7 (B B2 ) o A i) AR
DA R AR T AR
12 FEREERKITIE

Kl 3(a)~E 3(e)% T ARISEC N A4 -
ST [ AR 2 (e L PR, 5% bR e A A R AR
PEENMR 2 -0 06 SR e M IS SO 5 B R 1 AT

displacement meters

BARME AW BRAR BRI Noen FRF S AR 56
PE R TCRAT IR (AR PR AR BT B Nue /Ny~ 520
R )5 44 SO T BT ECAE Nue /Nun WEAET- I 11)
AT g T80T B2 85% b BRI )T 242 [r)
WAz ggs, FLAAkfE C7 MhE R ERBOF22, MU
N EEZE 90% MK B AR Z 7 I AP BN 1) A 0.0

—3500
Cl-cal B2 B127

—_— = = (2-cal 43000
—_———-- Cl12-cal ]

1250¢

s ] -€XP

— = = C2-eXp 3 1 z
— mmann C]2-exp - ..’ $-1200C &
P e ] =
-~ - 150C ;FE
100
500
| N EEAENTEN VA R )
-40000 -30000 -20000 -10000 0

SEI IR AR £/(x107°)
(a) C1. C2. C12(Q345)
(#=3.75mm, ZGH ] EE S )



i

»2,

107

C3-cal
— — — C(C4-cal
C3-exp
— = w= C4-exp

IR ERRTR NIRRT BT
-40000 -30000 -20000 -10000 0

P 1] VAR el (x 107)
(b) C3. C4(Q345)
(t=5.73mm, AFH7AT A )

SEY IR AT £/(x107°)
(e) C10. C11(Q235)
(¢=3.77mm, AEH7FF (A )

2000
{1500
Z
=
| =
1000
i
— — — (C2-al &
C5-cal
— = = C2-eXp 300
C5-exp
|\\\\|\\\\|\\\\|\\\\0
-40000 -30000 -20000 -10000
STEEIYNH] N A 6/(x1076)
(c) C2. C5(Q345)
(¢=3.75mm, %fﬁﬁlﬁwﬁ)
3500
B9 —f3000
I 12500
- = ] Z
3 =
42000 2
1500 &
C8-cal &
— — — (9-cal 1000
—— C8-cX]
- = C9-exp 500
| IR NEAIIIN VI R )
-40000 -30000 -20000 -10000 0
SEIY 1) AR £/(x<107)
(d) C8. C9(Q235)
(¢=7.8mm, ARHAT A )
BIl j2000
11500
— = 1
- Z
=
| =
1000
i
C10-cal =
— — — Cll-cal
500
C10-exp
= wm == Cll-exp
|\\\\|\\\\|\\\\|\\\\O
-40000  -30000  -20000  -10000

K3

B14 BI5 BI6
75000

——— =
-7 14500
| Wl 14000
7’ 13500
———— Cl3-cal 13000 E
— — — Cl4-cal E =
————— C15-cal 72500 it
— — Cl6-cal 2000 iz
— (] 3-eXP 1500
m— = = Cl4-exp 1000
——— Cl5-exp
——— Cl6-exp 4500
| IS TSRS SN SR S S S T T
-40000 -30000 -20000 -10000 0
SR 1] AT /(< 1076)
(f) C13~C16(Q345)
(t=5.73mm, ZERIFFIAIER)
—2000
e - - - ]
1500
1000
&
C6-cal E
— = = (7-cal
Cé6-exp 300
— = == C7-exp
|\\\\|\\\\|\\\\|\\\\0
-40000 -30000 -20000 -10000
TR Y A 6/(x1076)
(g) C6. C7(Q345)
(t=3.75mm, ZBHATHAT)
10000
8000
{6000 %
1 =
4000 ﬁ
GZ10a-cal 2000
m— = == (GZ10a-exp
L n n n n 1 n n n n 1 n 0
-15000 -10000 -5000
SEIIDIF EAE /(x1076)
(h) GZ10a(Q345)
10000
18000
16000 £
1 =
14000 g
GZ10b-cal ] 2000
— mm == GZ10b-exp
| I L TR Y L TR B 0
-15000 -10000 -5000
PG R AE &/ (x107%)
(1) GZ10b(Q345)

WAV ) (N)-~F- B2 16 1338 () 1R it 2 55 T S 2

Fig.3 Calculated curves and experimental curves about axial

force (N) and average longitudinal strain (&)



108 €T Ui

M 3(a)~FE] 3D AT, 78I e 4 A R R 1R Bl
T BT KJUSF 3N ST 1 20 46 1 5 #8 3i
ARFHEE . BEAE BT B s ACT I EE 98D Nues &4
Hllegs G ML T FRBCET-2%, KRR N
I AT, BEICINIRR R AR PN
F4) Je o R AR B AR AR RIGE T o TERAT AR N
BINT Nus B HAFRAE LR AT AR AR 2 4
e e KR B 53%. B AT BRI, ik FBE
BeIPs s o, LR AT R W AT AN R B
R C12 Hikff C2 mIAbSHUH T, A R
LSRR ) I EEAN ] o T80 5 )2 L 3K, C12
ff) Nue/Nun~ &0 Fless E C2 /I, HhEk FREBOEBE, 4K
WG 2 AN B €2 /e BEA AR JZ 1)
HK, Nue/Nun~ 0 Flegs B, RO 2R e Bt
PSRN B 2 o B AR S B PR o,
e R s /N HIZE T PR B BE. A 3(a)F11E]3
(@)n WL, FiAFE ARS8 8mm Al 10mm ik C2
AR CT I Noew & 3T, ¥ILLPIAT HAZN 6mm
lfE Co K. Mgk FIEBOR A AL BV, H
C7 bt C2 &M NIRRT /N o X R H K R AT
FLARRE A E SR A R I 293, MITT$ i A 2
JIRGEYE ;s MPIAF AR K E]— @ RERERT, 6 R PR
AR K e B3 s AN, (BRI R N 2%
S BENRR i ) ke, $R et

TSR TR, ARG 45 R TS AR ) 3
LA

2 RN T HREENE At
R T AR K FR

2.1 RN T REENERRLRIZIRE =

AT LY ARRAT T FEA TR 6 Vit A PR B ) A%
R IRE 1 1 29 SO Y 3 A R A A 8 LR e A
FRAL S FE A A SR AN AR A P75 W P 2 ATk it 1
AN ARTE . 29 E RIAEN 055 . B 4 Rl 4
FF T JEARIAN A TR e AT A SR OR8], 2R A
FBOR RN A AR () — BB A B AN X
S8 T 1) SR AR X (LA AR AT A RX), [l —
HERL AT BRI PR AN A X s TR 1 AT R R, TR
DI PR AR X A VR - IO DRV E AT B, T2 5k
FASHY 1) i IR, T 98 AR X (BA R i pc R
LYRIX) o ANBCRLFT BB DL IR, AR TR
AT A AR X R T A AT R RIX, R X R
TARLRIX .

58 (7 280 4K
55 (IF) 23R X

i (%0 LR X
/755 B i IX

11 1]

LB AT

‘|

A-A
K4 9 RAT T AR TR e L AR 2 TRIX
Fig.4 Confined regions of T-shape CFT column with
binding bars

Rty QR 0 T FEARE TR At 7 e —
ANTCRLFF I TR B LA TiFR T DA 3 AT 4
FRRIHTE I 2~ D8 3(BA R fRIFRAEIE 2 MHITE 3)
BEREE T IR 5(a)), JHEW R 1) Z
W 4 DX A T T 9 95 1) OS2 A% 0 1 8 G PR

nxa. 30 a 30 nxa
L) ]
s s 2 N BRI B =
S S
= o

Ny
'Q »
8| 2
N

(b) HTT_E AL At
K5 T B > X 5 #OT i L ria 54

Fig.5 Divided T-section and boundary conditions on
cutting sections



T ®

i 2% 109

K, HiB LA mE SO)FTR; 2) BIFH L2
ARG R, & XA AL TEAHSE . fEXT s
LYWRIAT I5 e« HTEAN T WAL O TR T AR R R I
WFFT R A B0, St 4 X0 20 ) ek 3 e S 4
BRI BT X VR 5% - H I 24 TR ) A% O TR B AR A O
R, NG ER T A P AZ O IR EE L AR
KFR. AT RIEME . TERE, BE 3 MEEX
SR RS AR A, ki RO AR, A 56
RHEF R, AFEEA.
22 AMERFRIER

FESCHR[8 — 10,12 — 1324 [, 45A Fikair 4y
WHAT T TR RS T AUk A, 3 BL R Ay 293K
PIAF T TEARREN TR L h S IR B 1 5
L 24 B AR S REIEA:

fo= e (1)
r—1+x

x = @)
E

e for & 0 IRTR LY HUIRBE L A DN 17 B 75 A0 %
A feor Eoo 73R TN LI AT RE - 1) Pl s R B2 VR BT
AR r Ko MRS KL

2.3 RETRYEINE LR 7
231 REELGHHRAHREK

XA BRI DT AR JELRIX
TERWIE 6 Fion. R T fidbIEREFH 7T SETEANAE
P AZOREE LI AR R RIEN, ETH R
T A LR R B AR RS 1) PAREAFAY T
BITHIAL, IR PRI DLAR X 380 5 A 8 e
PIAF: 2) AR DX IRk TR R e 1
LRI 1.5 K5 I 2 55 4N P ) L g 1
s 3) MIF AL A SR AT, A7 AR A
THAELI R o B DT U E . HBRUEE . RS
BRI R ST AR, A% TR 32 B A AR A
], AELISRDXTHIRL . 402 1 e (RS £ B AN [
W T R 55 I 99 2R X RN, X4
WREPIEWAK, 5 ML X 1) 5% KA ZEAS
KIS TR R AR IR (kT b % AR L R X ) 25 1)
AN, HEMIEE 0°0~45 . X T AAALEIE
AR P T, WHLEMO=0°, Kk, nrEd
A LS F1 0 TR HUAELR S5 W AZ OV 1= 32 B (1 2 0
BN/ 6

b RK e WOFE AKX kK T
| - - a-2t bo-t
2 e -v.v_.,r‘ 5 (al_ t)
Ill L /
i < .
. A
1 RAIX (o] -
FRARIX
(o]
E %
j aj-zt j JiE2 (3) Kl Hip2 (3) Kil Z
AL C(fii2) O C(uTHi2) i
(a) BERRIAIZ CVREE T aE . §5L49RIX (b) MUz LR LR F9LHX
6 J7IE REJE DX ISR I O T A O R R AT AR X
Fig.6 Effectively confined concrete core on sectional and lateral areas of square and rectangle columns
FEX I i (i=1~3) I 510 j (=1~ AEL R A =4 — Ay, A =byb, (5)

ENIEAVSE

R [ds,;,- /nsij ]2 tan OSl.j dszl.j tan 950- 3
v 5 - 5n5ij
FEDCI i(i=1~3 YA A 40 SR X R0 TR
4 42 tan,.
Ay = - 4)
fZ:;‘ Snsij

HEDIK 7 (1= 1~3) BRI S LT AR X TR -

R i (i=1~-3) BRI A LT R R B IR e+
10 A 280240 AR IXC T ARURTRS A6 T A% /o Y8 ok 1 79 17 AR
Z L

ko= Aesi _ Ai _Afsi
S Ay + Ay, A

4 ©)

s dy P2 AT A5 32 f A% Co R e L i
W ng, PP AT A2 j WA RT3



110 T 2

h %

R B, izl LR AR AT 2RI 1 6,
DI 7 AT 7532 AR 2R IX I S 2 e A
IHEAEAFAIR XL S 0 REAEAEARZARIX
MLﬁmmﬁﬁﬁ)A%%Eﬁim%ﬁﬁﬁbﬁ

eI by by BRI i K R

R
AR LA 1 5 — 334 2U AT #3459 3] 25 DI A
A AR AEN -
K, =1-{@—20)tnd ™
5(b, —2t)
2(b, —)tan0 (a, —2t)tan6
2 =1— - )
5(a, =20)n,, (b, ~1)
-1 2(q) —t)tan6 (b —2¢)tan6 ©)
5(b —2t)ng, 5(a,—1)

P BERIATRAT P9 HERLAT e e T Vi e

T AR R X T AR KA SR X AR N, B

FE ST R R EE b IR A FFON G, HEIX 5

i(i=1~3)TH p(p=1~2) L4518 k(k=1~2)FELTHRIX.
P2 AE A -

P =2 = Pt (10)

B DI a(i=1~3) (1 M 16T f52 /N AT 280 24 A X T

BN 2
( Zz:bs tan@hlk]{ Zz:bs tan@hzkj

k=1 k=1

an
FED I (i=1~3) IR T AT 2 20 R AR KO TR ke L
AN T 52 /I8 AT R0 240 AR XC T AR MR AR T A L YR 5 - 7
THARZ LE:

— fim

k. = eli (12)

A, 0, NI (=1-3)MiHT p(p=1. 2) L%

1 k(k=1. 2)FAFLIR I T LIS, W A4
L RIX L ST O, REAAEAE AR LR IX 12 5t
0o XFHARRIE, AR ARL A X,

ko = 1o ARAFLL 12— 2205 R T HE S5 KR
WA ALK REA -
an =1 31();3: g@t) (13)
@Bﬂ—xiig (15)

75 DX A A2 IR R Bk AT I T R
AP P

ky =kyky, i=1~3, Mk, <O, k;=0 (16)
232 BREEEEFHMEG LY RS

T AE £ DRI 1) B A 320 3 TR B 52 A 1)
LI I8 53 A, R FH AR UAH Y. X 38T 3 20 R &R
B ke 175 SR SEIEAI S M L UK R R AT )
[EE by HI5 BRI S GRS R AR BG4
), D iG=1~3) KA R AN AR O TR
LM AR fil, (p=1+ 2)7] B 5 {17
23], e 7R, HE 1 LIS iRt
P R 2 AN 7 £ 5 D A, eih B
PERUR N R ST P T I B = I e )
ANAHEE, 43 B LR /IME

S
bi-t |t

b-2t

sh T
e \
s j1|3 I

o o St — i S T T |
§ (1) RO ./
5 fl 12 1 ] fl 12 ]l’m : I

]
t

A 1,
B R = E
{ a2t f o ﬁhzs_: E[ f{clsz_j{ 3
- = fg‘h}
(a) TE1 (b) FIE 2 (c) HIE3

K7 T7IB. FETGIX I 52 g 18

Fig.7 Sketch maps of lateral actions on square and rectangular steel tubulars



T &/ A 5 111
' myFyy IO + (fa + fana) = R, > 0.85 1Y,
flc2l = b/i—2 (17) 12 03
| fael= (R———zj Jay <0891, (28)
Jienn = 2z (18) e
a2 A e BN A AE X ) N A R 2k 21 ARG ZS B
fr = m By /(O D+ f (19) IR Von-Mise Jt JRAEN,  H ALK S R A HT for
’ al2t-1 N for BTN 7 B AR DR — RS2 (LI 8), DM
ﬁnzé%i%i 0y  RAEJRHY IR R) f(e=1-3) T R T
t— 2
;o -1 W) 1N iy / Jae = —A (29)
Jienn =min(figy7, fig)) = min(fi3ps fien) (21 4.169fay

S = min(f]éﬁlz),f,é%)) =min(fies,, fie)  (22)
e my FoRFEIE 3 VAT T RELTT ) AT AR AL
my XoRFEI 2 VAT T RIL T ) S R AR AL
Soi k=1~3)73 AR T IR a 1 ap 8L by 34
ay A8 by ILANE PRI N ) Foli=2~3) NIk
PIEAEAT RIS RETE 24 FETE 3 AT IS5 RRL ) o

A DX e I LRI T 1) S5 AR ) 2 TR
BiJ) oy (p=1~2) 24
flcip = keiﬁ!:ip (23)

2.4 NERTFHEEE N
T TR AN E (158 JE LE S H R (k=1~3)5E

Sk
R, = % , /% \/{; (26)

e fags Ean v IR 0 IR . ok
LA INER /N

SCHR[14TMBFC R, ANE e 2 L2 8 R &%
Wiy 77 T8 A TR e AR A B I R B R, Y
R>0.85 I, 1A AU E AR A 28 380 e i i 28 T A 2 Jmd 78
Ja AR 2 R<0.85 W), AR MIEN AR 7k 204
Ao BT AN T 2% RE Ry ¥ KSR . G4k, AN AEXL
N VERTE  BIAEAN AR Je i e il FEGm) . )
A HEIE B R IR o A IR R R T 24
RALAT T TEA AN BV B -, 7T SRAGIA B U
BN SN IR N ) f (= 1~3) R ) Y )
Sk =1~3).

4 R, <0.85 I,

Jaw=0.191,  fu=-0.891, 27

< S Sy 410
— —  ROE B RER29))

T
Von Mises/i Il £k
(0.19/y, —0.89%y)
(0 H _ja‘)’)
Y
= fik

B8 AN i) L ) B ) OC Rl 2k
Fig.8 Curve of horizontal and vertical stress of steel tubes
2.5 UEERTRIFTRYE AL 7
R BCRLAT Ly Vet AT, ik S
A 8N 45 DR 3 AT R AR S5 R0CR ) A
F,=AE e .=AE 1. €. < bfby, i=2~3 (30)
A By M Ay SMARGRPIAT BB R TR fiy
FETRPIAT IR S IR s &, 275 8% DX Bl S U (1 47 28
IRATEIRIN AR, &, = U8 3 Eop e ANNZ LN
TN AR, HER A0 IIE s p B IX
5812k 1) 0 R Ay 28 o] A Co VR L RO 1) AR T R L, S
FR[ 17040 Vi o - B2t 52 s e ARl A0 A T st -l s
RIS H AL g -

0.45
Jeoi=Ta [1-194{}3 ] (-0.0748557+0.5789Z,)
ck
(31)
E = Ay foy /(A1) 2
33.5
U =0.173 (33a)

-33.5
= ch,‘/me >0.55 +0.25(f°ksTj i

1.5
Ho =0.173+ [0.7306[&—0.4] [;0 ]] (33b)

c0i ck



112 T 2

h %

A MR i=2~3; &R XN AN A LR AR L
A FRADIBHRZ BT Ag 75 % DX Ik
(R TR, EOT AR 2R AT A, 4% DY
10 S RN AR R DL v B
2.6 UHFRER LAY OIERE

F DG ORI R T S R i 32 A A 1)
LRSI ANKH IR, FC A s 5 P58 Ty B = A v st - 1)
AR HE DA s

Gocti = (flcil + flci2 + fcci) / 3 (34)
\/(flcn ~freia )2 + (e = feei )2 +(feei = Sien )2
octi (35)
3
Oy =T, 7, = (36)
Jeo Jeo
2fi 0 —fin— [
cos 055 — ficzl flcz2 fccz (37)
3\/5’[00&

c;=12.2445(cos1.5a,)'” +7.3319(sin1.5c,)*  (38)
0.9297
0.09-0,, j

C; =0y

T, = 6.9638( (39)

A oy~ To ((=1~3)70 BTN IR IR IE N )
BN ST oy~ Ty, ((=1~3)70 B2 )\ T A R A 6
ENFRBIN F7; o, (i=1~3) o T 1f 2 £
2.7 IEENT

F X I AZ TR LI AE N T £, ANFL, WA
AR e AHI], E VAR N AR A 2 R F T 3 R 5
KIMUAFE . RIS E LR, W BT T A
A TR 5 DI WA N AR &, 55 25 X R 0
TR WA Y F7, LUK T JEAR R IARAR 55 )5 LE 25 50
FIRIFFLIR R E 05 e R B R 20 R B TR e
SR N A O, SRR EIRE EOLE 9), &
PEVEE
gw::{1+rh-{(€%iJ(01fg-FD(§44)—4}}-SW(40)

co

0.46 0.071{ &
7h=094[%J [fQJ [“]—L055““ A1)

co

Hrp:

EZWIR2R3 s 472 20\/4243 b é:r:;;z%’ r

s foon oo T IMNARTRARLY HOTR I8 - 1 il s 98R E J
WEAE N AR s s RO AR B3 I N ARG IE R €
FOR TN E 2R REG: GG RN b5
a0 EATRHAT R B A KL T ) AN SR
M 6=y P Jg 35 TE AT iy 5=0 s Ap KR

=2~3

BRI AT SRR, 0 3 A AR AT B AT TR
s ay (r=2-3) 0 ERR b5 a8 BRI
ICPLHGEE, XA AT a2, X ARG SAL
PIATHR ags by FRon TR 1a) [a]

25000

— 20000}
(o]

15000
i +15%

A AE eoe-

T

Ecc-€XP=g.c-cal
-15%

10000

5000 2

07\\

50000000 15000 20000 25000
IR AH Ecc-exp
9 g, VB IR K HLEL
Fig.9 Comparison between calculated values and

experimental values of ¢,

2.8 EARXIMHILZLEIERO

SPRIG AR G R, MLEme S T
FEARRTE 1) 58 JE LS5, PATA R R AL AR AR
HEERFEA G, @R UM
0= (n/180)(45.576*~125.6R” -£ ©) < 45-(n/180)

(42)

Hrf: 4=-0.011(a,/b)-0.091-C ,
B=1.655-80.37R +35.43-C ,
C =140.5+4.54(a,/b,) —300R +11.45C -
29 HERSE

IR B0 B R S R AR 6 R Rk 5 il
LIARBHL r (1=1-3) IR IL R T

BiE.

gCC

ﬂliﬂZiEc

800

AP By WA K COTTEIN N 1) B AT
TEAR T R R EEAE a/b o

3 BEAHR R AXIZIEIE

RN B AR KR, FIHT AT YR II 0] SCHR(3]
L ARG WA 10 5L P S 1) AR G AR it 2 3t
ATVRSE, VRSN T AT GRS VE AR T 2 AT I
FRIRH AR E A5, ELAWAE FR 0 ) - AR 5% 2R T AR
SRIPEAR IR, TR A N T3 73 il 4% 52 7) 5

x<1

H.r<464x107 £, +1(43)
x>1

<X
Il




T ®

i

2 113

XE@8)TWEH. & 1 o Tk IR & 5t
SHARB I HAR Nue/Ns» 1813 TR HY T A8 11
ONI) AR R AR (TS S s ph 2 (xk Le . AL, Bk
THAARHRLE, Rl BE RN AR, AR
EIL IR PR AR i A A SRy B, T R
KRS, HRRIE AT A E AR R 45 )
R RN

4 i

(1) AFLRBLAT T FEAN A TR AT b AN AR A
[ AR 52 BURIAT R, A AN 0 A% iR e 1 1K)
LIRAE P, DAL PR PERE o B AN JZ
NPT RIS 38 KR AT BAR, A B TR
ROV B - LT A, AT B vt A il s A0 IR
AR AIEE -

() Rl ATARRLAT T HAH0E TR ot -k i ) 23 1k
1N TN 3 ANty Q0 R AT R AN A Tk it - A
FRSHOT HREAT & BB B L AR AT T B
R LA ORI — AT ik AR
TRE AL 5 R N R LU R AT T TR IR e 1
(USSR ARY AR T AU, 51 45 R )
R

Bk

(1] BRosom, BRE, mHfse, &5 ) JMF e BRI g5k vt
[J]. BEIREE“ 7R, 2000, 21(3): 1—9
Chen Zongbi, Chen Xing,Ye Qunying, et al. Structural
design of Guangzhou New China Mansion [J]. Journal of
Building Structures, 2000, 21(3): 1—9. (in Chinese)

(2] Ak, AETREELESM]. dbat BREAROR AR,
2000.
Han Linhai. Concrete-filled steel tubular structures [M].
Beijing: Science Press, 2000. (in Chinese)

(3] BRAEW. w5 29 ACRAT 7 00 TR vt A O Bl )~
FUD]. J7M: Herg B TR, 2000.
Chen Deming. Research on foundational mechanics of
abnormal-shaped CFT columns with binding bars [D].

Guangzhou: South China University of Technology, 2000.

(in Chinese)

[4] Cai Jian, He Zhenqgiang. Axial load behavior of square
CFT stub column with binding bars [J]. Journal of
Constructional Steel Research, 2006, 62(5): 472 —483.

[5] Cai Jian, Long Yueling. Axial load behavior of
rectangular CFT stub columns with binding bars [J].
Advances in Structural Engineering, 2007,10(5): 551—
565.

(6]  %&dd, SN B R LUACRIAT L TBANE TR e L AT
HIRIIF T[], AR TR, 2008, 41(9): 14—20.
Cai Jian, Sun Gang. Experimental investigation on
L-shaped concrete-filled steel tube stub columns with
binding bars load [J]. China Civil

under axial

[10]

[12]

[15]

[16]

[17]

[18]

Engineering Journal, 2008, 41(9): 14—20. (in Chinese)
Susantha K A S, Ge H, et al. Uniaxial stress-strain
relationship of concrete confined by various shaped steel
tubes [J]. Engineering Structures, 2001, 23(10): 1331 —
1347.

e, frPRam. ALY ACHLAT J5 T B TR B AR 5%
A[J]. TRES2E, 2006, 23(10): 145—150.

Cai Jian, He Zhenqgiang. Constitutive relationship of
square CFT with binding bars [J]. Engineering
Mechanics, 2006, 23(10): 145—150. (in Chinese)

Bk, JeBRv. AL ACHL AT RE B TR B AR 5%
A[J]. TRES2E, 2008, 25(2): 137—143.

Cai Jian, Long Yueling. Constitutive relationship of
rectangular CFT with binding bars [J]. Engineering
Mechanics, 2008, 25(2): 137—143. (in Chinese)

BfE, O AEAIRPAT L AR TR A
KA. LRI, 2008, 25(10): 173—179.

Cai Jian, Sun Gang. Constitutive relationship of
L-section CFT with binding bars [J]. Engineering
Mechanics, 2008, 25(10): 173 —179. (in Chinese)

Wik . 5 R A T £ A TR Tt s A R A i
PERIBEISHTFE[D]. /R BRI kK%, 2001.
Chen Hongtao. Theoretical study on continuity of basic
behavior of every-sectioned CFT stub columns under
axial loads [D]. Harbin: Harbin Industry University, 2001.
(in Chinese)

Mander J B, Priestley M J N, et al. Theoretical
stress-strain model for confined concrete [J]. Journal of
Structural Engineering, ASCE, 1988, 114(8): 1807 —
1826.

Popovis S. A numerical approach to the complete
stress-strain  curves for concrete [J]. Cement and
Concrete Research, 1973, 3(5): 583 —599.

Ge H B, Usami T. Strength analysis of concrete filled
thin-walled steel box columns [J]. Journal of
Constructional Steel Research, 1994, 30(3): 259—281.
Sakino K, Nakahara H, et al. Behavior of centrally loaded
concrete-filled steel-tube short columns [J]. Journal of
Structural Engineering, 2004, 130(2): 180—188.

Bt ANETREE LAMIM]. B 3 W Jb: TR
7 HiRRAL, 2003.

Zhong Shantong. Concrete-filled steel tubular structure
[M]. 3rd ed. Beijing: Tsinghua University Press, 2003.
(in Chinese)

AR, U, TR BE L AR O¢ R AR R LA AN A
TR L K8 3 B e B R T[], I RIS R UK 2 24 4,
1995, 28(5): 26—32.

Han Linhai, Feng Jiubin. Constitutive models of concrete
and their application in numerical analysis of CFT [J].
Journal of Harbin Construction University, 1995, 28(5):
26—32. (in Chinese)

LT, AR, SKIEEE. ZHNN )R IR R
FIE IR HE WA T[T LR TRE44R, 1991, 24(3): 1—14.
Guo Zhenhai, Wang Chuanzhi, Zhang Xiuqin.
Investigation of strength and failure criterion of concrete
under multi-axial stress [J]. China Civil Engineering
Journal, 1991, 24(3): 1 —14. (in Chinese)



