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Test on hysteretic behavior of concrete-filled double-skin steel tubular
long columns under compression torsion

ZHOU Zhongyi'”, PANG Xinlong'>, WANG Tao"*, JIN Yuhang"*, LUO Yihong'*
(1. Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China;
2. Key lab of Earthquake Engineering and Engineering Vibration of China Earthquake Administration
(Institute of Engineering Mechanics, China Earthquake Administration) , Harbin 150080, China)

Abstract; To study the mechanical performance of concrete-filled double-skin steel tubular long columns under
compressive and torsional loads, two ordinary circular steel tube reinforced concrete columns and two double-
layered steel tube reinforced concrete columns were subjected to low-cycle reciprocating tests under pure torsion and
torsion-compression loading using a developed Stewart six-degree-of-freedom loading platform. Based on the tests,
the bearing capacity, torsional deformation, energy dissipation, and hysteresis performance of each specimen were
compared and analyzed, and finite element parameter analysis was conducted. The study shows that both ordinary
circular steel tube reinforced concrete columns and double-layered circular steel tube reinforced concrete columns
have good torsional resistance. Compared with ordinary circular steel tube reinforced concrete columns, the initial
stiffness and bearing capacity of double-layered steel tube reinforced concrete columns are slightly improved, the
hysteresis curve is more full, and the energy dissipation capacity and ductility are greatly improved. Parameter
analysis shows that when the steel content is constant, the larger the thickness ratio of the inner steel tube, the
more beneficial it is for torsional resistance; and within a certain range of axial loads, the torsional resistance of
steel tube reinforced concrete columns can be improved.
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Tab.1 Steel material properties

AR/ A B 5 i Jet M FPER
mm f/MPa S/ MPa E/10° MPa
2.9 617.1 475.9 1.95
5.0 577.7 451.7 1.89
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Fig. 1  Specific size of specimens (mm)



%18 JE R —, S K2 PR EE L KA R A [ B IS - 119 -
*x2 REFSH
Tab.2 Parameters of specimens
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Fig.2 Connection between specimens and loading devices
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Fig.3 Torsional test loading program

2.3 MEAFR
2.3.1 AN A

PRI R FANAZ A R Rk
FLARD UL E 458 1 6 AN AT AR IR K
LBV KBE 1 (=1, -+-,6) BRI G S B8 4 i

Q, BahE] Q B} ,x y .z J5 W FB i RS F 3 > TJ7 1)

E’Jﬁ‘ﬂ%ﬁa AU 6 AR WA it o0 51 3% Tﬁi
e AR Bk A R T S AL SRS S R
éj‘%ﬂiﬁﬁwmﬁ%ﬁ%ﬁtﬂﬁ%,ﬂﬁ?ﬁ?}ﬂﬂ%ﬁlﬁ%ﬂ
FEAih Z B AR X 57 B8, 3 O 1 H T R A A 28 Sk
SR A R 2
2.3.2  HAE AR R

TEANIE AT BN AR A8, 16 N A ISR A B
A BRI E LA S,



- 120 -

556 %

B4 SNAEZEHEMBNERER

Fig.4 Schematic diagram of the displacement measurement
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Fig.5 Arrangement of strain measurement points
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Fig. 6 Failure modes of specimens
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Fig.7 Torsion moment-rotation angle hysteresis loops
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Fig.9 Rigidity degradation versus displacement curves of specimens
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Tab.3 Mechanical characteristics of specimens

LTS Ky HXHE T/(kNem)  AAXME 6,/(°)  AXME  T./(kNem)  HIXME 6,/(°)  AMIXHME ©
1T 112.80 1.00 199.18 1.00 3.80 1.00 245.91 1.00 15.45 1.00 4.06
2T 134.25 1.19 234.78 1.18 3.90 1.03 330.48 1.34 19.46 1.26 4.99
INT 147.90 1.31 246.70 1.24 4.22 1.11 276.60 1.12 18.19 1.18 4.32
2T 134.25 1.00 234.78 1.00 3.90 1.00 330.48 1.00 19. 46 1.00 4.99
2NT 159.53 1.19 256.57 1.09 2.98 0.76 307.69 0.93 19.65 1.01 6.59
INT 147.90 1.00 246.70 1.00 4.22 1.00 276.60 1.00 18.19 1.00 4.31
2NT 159.53 1.08 256.57 1.09 2.98 0.71 307.69 1.11 19.65 1.08 6.59

T : Ky il F s AT RIS T, (T, 705 27 S AR AN BRAHE 0, F1 0, 00127 St M HL % R RS A1 s tHAR T R R e = 0,/6,

M3 Al L. 1) 5AAE TR BE KA 1T H
Fb , SUZANAS TR EE - KA R 2T BRI R R B 4 i 1
19% ,JERHLIEIR = T 18% W BRI T 34%
Jei IRFILES v 1 3% W BRAH L F R T 26% , 4E
PERBERTHEK;2) ST KA 1T AL, 4
JEEHH 0.3 BY/F INT BRI LR RIEE i 1 31% , )
NRHLFEFE = T 24% W BRI $2 055 T 12% |, JiE R4
e T 1% W RH MRS T 18% , IEE R
A T ; 5 05 02 R0 A TR 1 KRR
2T MIEE, R L 0. 3 B9 XUZ B9 87 TR e + K A ik
4 2NT FIRI IR I EE 3 & T 19% , i IRHLAE R & T
9% , W PRFH W& AT BEAIG, o M AL 4% FA BRI T 24 %

1600 1443.19

1218.78

BT
LZINT 1254.93

1200

FEAE/KT

800 |

400 -

w1
i3t
(a) BRERERT HL

w2

10

W BRALFE FA A 22 R K, SEME R BCR IR 4R T 3) S5Hh
JEEL A 0.3 (1435 38 5 40 45 TR ok K AR INT A
L R B A 0.3 19802 (8] A /8 TR 6 4 < A il 14
ONT AT $2 8 T 8% |, JE IRAHAE$E & T 9% ,
e BRI T 1% , Jm R 5% F R T 29% , %
FRAEE 4 T 8% , #EE RBCKIRR T,
3.4 FERERE
SEFIIRERERE S AR S MO TE R N K A28
PEASTE  OSORIFE HRE = A RE 1 . ARG 20 in 28
(18 FE [ phh 288 Pir 6, BT 1) TRV sl RE RE RE 1 I DA

P, A HLEE AR TE SRR RE RN 220 KU
LI 10,

16007 _ |r )

-46-2T ;
5 1200 LNt 48
55 /¢
3;3:3 D/:';Z
./ s/
% 800 P
Bk 5
400

0 2 4 6 8 10 12 14 16
Jn e B %
(b) RitFEREHELE

RIAFERE

Fig. 10  Energy dissipation of specimens

HIPE 10 RO 1) A0 £ 57 DU O 28 38 (4
Fef/NT 20) A A AR RE SN B BON R R,
HAARAFIOFERERE IR . 5 5 YOG IR (4%
Ik BB IR AL 402 A7) I, 25 PF A RENFEREIT I

AGEIE NN ;2 ) 58 3 (B A A TR B b AR 1T A
L, BUZ BN A TR BE AR AT 2T AL RERFERE
P T 4% RUIEEHL T 00T I )2 50 39 A8 0 4 45 TR
BE T RAEMFERERE T S THAT BR ;3) -5 J0Hh e i 1 A1



c124 - e NS B | A - =

5556 4%

b, Bl EE oA 0.3 1Y 5 (5 AN 45 TR B 1 K AR
INT FHL e ERURERE LG 5 5 9 4 TR+ K
R 1T 3805 T 13% iR om0, 3 B9 8UZ R 49
FETRTEE AT 2NT AL B ABURE RE L TG 5
XU RN TR B KA F 2T 3 21% |, il ) for
AT S P T R A A TR - KA L RERERE T
4)FEEEA R 0.3 B, BUZ BN A5 TR R 1 A iR
2NT 1 SEFFERE Lb At 3 5 A A TR 5 - KA il F INT
BT 1% i hnh R e, U2 5 A9 TR B+ Kb
(AL FE R RE o etk 3 [P A A TR K — 8 IR
JERETE

25 1, e 5 A0 A TR O KA ABUZ AR A TR
B+ KLU RERE RE 1 250k, Hodh XUZ RN 4
TR KA HL AL FERERE 1 0 T30 38 (R4 A TRt +
A 5 — 5 T 11 PR i ) g 2 T o IR A VR O
+ KA R FERERE ST .

30 -
——1%- & 2% -4 40— w80 01204 16°
25
A,
L 201 ) .
= il .~ N
®Wopsp  FeEE e
2 -
= [ —
= o0F v - ——
v
5 Accccneen- Aeccennn.. AL A
- - - - - = - — — — — — *— — — — — -9
0 1
1 2 3 4
B AL E
(a) 1T
30 -
—a 1% e 2224 40 8% 0122 4~ 16°
25+
--4
o 20t A DU
= / .-
— A S P
o5t 7 y i
E K R T - -
B 57 g
S
<.
5L (’/ LA ee.., Aememmm A
g_'_'_'_‘__-—o- _____ ~——————0
0 ¥ 1
1 2 3 4
AL A=
(c) INT

3.5 MTEHH
TS AN JES 2 I 5 A N AR AT 40T T,
B4 B o AR R A 07 A A 8 () R TR T TR N

y=8a+8h _280 (2)
e, I LB 7K 2R 0] IE R & S0 A5 Y 1S

B IEN A e, AN A Rk 45° IE R AR

M AE TP J2 Ve (B9 7 A8 7S [N 2R 9 T 0 o0 A
LI 11, EFREALFR 1 2 4 40 5328 A0 45 13 &)
DUSESr A ASCITA 4N TR EE i SN
YR HAEIREAAS o 1 550 Ok R AR
FEAL & A AR A 5 N A AEBR ARV 1, H A M
PIVERRAR , WGR M 2T INT 2NT 76 1 S0 E (5T R
A W AR T ] — 2t A 37 A B R AR R 1T 4
EARGENTEAE 4 SO0E HORE 1T 19 4 50708 gk
Je BB 18 AR DR /N

30
—=—]% e -2°-4- 40— +-8%-e—-]2%-«- 16°
25+
Ao
/ N
= 20 | ///.«..\_ }
B 15t I/
a 7N e
R 10 - ,,/.'// Ny -
/'«}",/' LA
5 '/ .- P, A
z. ————— -~ - - *— - ————o
0 1 1 1
1 2 3 4
LAY
(b) 2T
30 -
—=—]% e -2%-4-4°—+-8%-0—-12%-«- 16°
25+
o 20} e e -
/: A=
A o1st B -
E , }. ' YT —— -
) S I ~
<.
spooy et b :
- - ——=-= - — — — — — *————— -0
0 L
1 2 3 4
o E
(d) 2NT

B IEENESS

Fig. 11  Peak strain distribution

AL 11 AT DL, 1) 25 3P A T 2838 21 e iR =22 iy
SRS AT ST R 2 5 TR AR A A7 AR L
SR By B AN B S R P PR 05 e e 25 D TR
0[] — AR P 5 N AT A T 22 53 5 2 ) 3 [B4 E
TRBE L ARG 1T HF% M 2 2 8° 2 B 4% 1

YN AR FAZEAN K, R B AR B /N T A2 41
5153) B 1T 4 S E F 2T INT 2NT 1
A RSN AR R I AE A A N 2 ) DA
P T /N R AT 34 8 AR KT 5 4) RUZ R A4S TR
B KA, NI AR RN X T BT



5513

Jal =, AF . BUZ B TR BE b A L [T 1 AE I - 125 -

BRI, B 3 107 2525 (R
4 HRITHT

4.1 BHRTER

KHA R Abaqus FE57 T XUZ B 404 1R
KA A SR B TREE 1 AN
ORI RTT, RN R S BT, NE S5IR
U - P T 2 Ml SR PR RG22 ik, D10 1) ) A2 3 B SR FH PR
L TEEAEASTARY ;PS5 A0 A TR e SO P X
B, KRNk R RS B S %  p, , TE p, A
Jit o 1 i 2 RN L 1 5
4.1.1 MHRSH

RS R VB MR AS Y A A 1 S D e R
S DL SOV F7 - A SE F AR ISR T K
AMRAETREE + 5 R 50 5, P 50 45 R E 4T
S BT A RN A E BT AR A

E=(AS)/(AL) (3)

A, A, S Bk B9 A T BURNAZ O TR BB TR,
S 53 A A VR R BT R I R b S R

X S O AR AT I T 4R T R 5

ES PSS
2x -7, x=<1
y“t x 1 (4)
(x-1)" +x’

Kiv=e/ey;y=0/0,;0, =f.(N/mm’) ;&, =&, +
0.000 8&"%;, = (1300 +12.5£) x10 °(N/mm*) ;

{ 2, I8 #19 2 TR s 1
T 6415k, IPRIEIEREE L

(2.36 x107%) 0B+ 0971 5 05 50, 520, 12, [
B: f().l

1.2 /1+¢

4.1.2 hFE&M

TEM S % i rp, Wy AHLE AL R 2R AT N4, IF
LYy T S AT Bl [ R AR A [
g, Al T T AES % 05 wp, B AR, 4L T
SIS EL B e RS i p, W )l g, AR
Ja it A A  BIAR B LKL 12,
4.2 HRBVIGIE

K 5 10 AR [R] A8 i 2 i B2 36 5 BB B4
SERNFE LI 13, Al 13 RO 1) e [ A TR
EE LKA 1T MBEREL 5K as R 22 R EOR,

RO i T F AR e AR AR TE 7] 160, SR IR
SEM AT T BOURE T R EE;2) i {F INT 2T 2NT
TEREA NG R v B A AR A R T 2R, A R A T A
PERE K47, BUE USSR -5 S 45 R W) 5 B
F WA SR B A7 30T AR i RS 400 5 A e
TR AR AR - R

N -—— %
Gy p— T<i:
P U=U=0;UR=UR~0

Ik —>

i

/ Btk \____

I
™, U=U=Uz=0;UR=UR=UR=0
(a) IEHLA (b) AL

E12 ARTEERE

Fig. 12 Numerical models

4.3 SHESW

SR A BR TR TR, X6 L2 (58 490 A T o = R At
117 805007 W98 T N BB AR IS LG AL L X e
L RE AR
4.3.1  WNIETRIELL

TR0 25 R B A2 (5 A9 A R B - A A ) BT
JEE v T [P A TR R A, N R AN X AR AR
IR, % R TN ERIE B,
PR R A e 7R 28 T R DR E D Rt 3 0
ARRITHHT T N2 NE R — &, B 510 50,
100,150,200 ,250 mm , % 17 (4 428 J5 Eb 43551 R 8 .35 .
80,144 220 B, SUZ RSN E TR BE L K ATl 7E 4l
R T00 T W BT, a5 R ILEL 14,

H I 14 AT UL 1) )2 A 2R LUAS [R] B 515N
EREE TR AR o R, 2534 0% I B B A A [ 5
2) WUZ BB IR K AR A 7R 38 ) e | B B A%
JE LU A BE RMT OK , FR W12 SR e 52 ma it | iy S o 3
RUUZNETREE T KA N Z WS AR,



- 126 - T S N AP NI 5 56 &

500 - 500 -
250 250
£ g
g o g o
& B
= -250 = -250
-500 : : : : : ; -500 : : : : : -
24 -16 -8 0 8 16 24 24 -16 -8 0 8 16 24
HEA/(°) HEF/(°)
() 1T (b) 2T
500 500
250 250
Bl El
£ o £ o
= =
= -250 * -250
-500 ' ' ' ' : ' -500 ' ' ' ' ' ;
24 16 8 0 8 16 24 -24 -16 -8 0 8 16 24
HEA/() HE A1)
(c) INT (d) 2NT
13 HRTTELEIE
Fig. 13 Validation of finite element model
400 - 4.3.2 Mk
] A Tl B A PR ), SUZ B TR 8+ KA
300 |- ) ARG O R T 3R n =0 (264 Fl n =
E I //,:_;_-;;—;-:'—_.'-.;—2-'-_%‘:—-;5%_':':':;3‘13“;'-‘—"? 0.3 (JRH) MiFp ToLiAT TR oY, Rt — Lt
g wop g - FEIE AN AL PRI B, 5 14T T 00 L
= -~ -d=100 MO Z 1 SN Rl KT B BB UL, B (B
100 | IR GO 15,
'''' a=20 A& 15 FTUL. 1) Sl HE AN 0 382 0. 6 B, i
0 8 6 24 VA, AU AR VR (T AR 2 i
18 1/(°) B M LL AN 0.7 ¥ & 1 B, B & Bl 1 3
B4 NEERELNZN T, WU I AR VR KA AR BT R 281 D
Fig. 14 itizll?ilﬁleen(:e of diameter-to-thickness ratio of theinner 2) R A 0 B HNZ 0.6 B ’ I 2 Tl S g B e ’ R
400 400
_300¢ ) _300p
E E
é 200 é 200
# &
B =2}
100 100
0 0
HEA/C°) HEA/()
(a) /Nl E (b) R E

B 15 HERIME

Fig. 15 The influence of axial pressure



5513

Jal =, AF . BUZ B TR BE b A L [T 1 AE I - 127 -

V521 H R A5 = KA PR T M R 48 O, 25 Bk e
MO 7 HEINZ 1, XUZ 5 A9 A TR R KA Y
P06 MBS 8 A, (EL T R I O 38 2 )

5 HEEREEMARR

TG R AU Y 45 SR R W LA 41 2
JPIRZETS RS 41 e i - HH 5 #1502 R LA B
53 g SRy BEMISE AL B BE, B2 ST AR, 5%
JER PR R Sy R A A6 ULIE 16,

Km0

sk B B A TR - L W Ky
Ki=(2a+0.42)G_1, (5)
Lo M SN, G N NEREE LA A5
DIt 1, AR BE L A B
ASCAE (5 ) FEAt_L 51 HERh TR0 R4 m RN
B R0 R A, A5 B SRR Y BLHLEE NI K, A3 H5R

AW

K, =mn(2a +0.42) G I, (6)
Ao m F o S e DL A IR oL G IS

SrIECT. 12 FT 1. 08,

Xt LR 4 R A FROGES R AUG ), B AL BEWI

JEK, =0. 1myn, Ky, Hefim, (n, 7350 27 3 Ak B B

Fig. 16

TR Y AR RORT N AN DR K,
SESRL R RN X T R EE 4 52 e AN B
B P 2 ) S8 R — R MIEE , SO 3 B A 5 5 m

7,y WM 1 10 BE T ADL45 T 400 4 W E

ORI 2 R S P [ BE A4 W BE 1 52 L 5
FHAHE L 1y il 2 S X Bk oA, 3O 1) Jonn st 4 W
JERHON K, .

A bk o A T X6 25 SR AT BRI, X [
GERILIE17

T\

4
KO
Z/ K

1

—
el

E16 HiE-HERRE &R

Simplified formula model of torque—torsion angle curve

500 500
250 250
Gl El -
£ of £ o
# S -
k=] k=]
=250 250
-500 I -500
24 -16 8 0 8 16 24 24 -16 8 0 8 16 24
HI# /() HEE/(°)
(a) 1T (b) 2T
500 500 -
250 250
El El »
£ ot g o
- g |
=250 250
-500 L -500
24 -16 8 0 8 16 24 24 -16 8 0 8 16 24
HEA/() HE /()
(c) INT (d) 2NT

17 R EHERBIE

Fig. 17 Comparison between test results and simplified formula results



. 128 - R

5556 4%

6 FLH AR NI H LKL

FPE I AR AT — B SO IR 30, EA R
R SCHRR W TR BE T AL - LA A T
W B, HEAIBYERT BOS , BB HLEE f A 3SR HUE (A
NS 1T, AU S R IE TiX — M4,
I, TR B TR BE b i BT HLR 2017 H 3 A AT T
FEE, R X AT X, AR T
52 SIRVETE BOS i, 6 B9  TR Bk L i 4 0
SR TR E 0. 01 B33 R (4 HHL R (ELAE S 404 R 58 - it
Fergk3 1, ASCRER AR i 1T 3 F S EA 1
PR B HHR A X ETRAE, i Tl Bl A
B3 T SUZANAE TR BE 1 A DT R 2800 LUK Hs AR
KITRERIBT IO AL 5 SEF T AT

1) S B A S BT X e A
$e th I HTHUR BT A A BT 58 B R Bk T8
IE S8 THHURE R AX(T) oy A
ST AR B, WL R B o b
e R

T,=y'W.T. (7)

2) EFMUE BT AR BT T R AR

1, - am i A, A R TR BE - TR T 70

it A TR B PR BE L ST HUR ST B,

T AR (8), Hrh o NEMR, £ W EH R,
S FREE RO PURSREE D A AN EAR

Tu:Tcu+Tsu:( 8.7 1 +
0.216e™ ™ +0. 235 +12. 25

3 3
D 8
16.472" +2.9%a +4.9"" (8)

3) e AT B BEHE S A8 T AR TR
AR S ES TR AR (9) , Hid A, M
R f, bR IRREE , r S ERETREE ISR

T,=0.7Af,r (9)

P4 N B TR BE BT AR R S 5 E,
3 FRARAS TR B A P HUR 2 HHRE S 1T Bk
SO EAH L350 T2 4 Herp Sk [ 16 - 17 1 /935807
2SI R, SCER] 15 ] #9325
AH—E M2 .

F4 WERELHRHAASNITEERKIE

Tab.4  Comparing calculated and experimental values of torsional capacity

Ty/(kN-m) T,/(kN-m) T,/ (kN-m)

T,/(kN-m) T,/T, 7,/T, T,/T,

246.94 187.33 218.08

219.67 0.76 0.88 0.89

TE: Ty FoR il fF T MTHUR BRI, T, (T, Ty S 9FR AT iR B A XA HE,

7 % i

1) 3 52 4 A8 TR 45 - A AN UL (5 4 A8 TR v
KA EA A B PTHLEE ), — Vi PN A il )
Tar 3% 280/ NGRS 7 A R P IE g, DT 1 e 4 A TR e
FRAEWBHIAE T

2) 53 5 [ AR A TR KA HE, SUZ AN TR
5 KA 0 s K B2 A A s A T B [ 2k
IR0  FERB AR ) HE T

3) TR — B, BE A YR A AR R L Y
B R AR R B AT BT RE 1B Wi o

4) R /N T 0.6 B, Bl 45 il L3 K B4
BIREE L KA BULRE 12 Wi R FE K 70,7
B, Bt 2 e LGS R B A AP TR B A B L e
BB

5) R BT 2k 52 77 15 18 m T LA 4 b 48 A 4
BIREE - AR,

6) FIHC A M &R # B A LR T A
SCHUEAR AR BTH AR T I 5 a5 R X 1
R T O AR AR IE#E

5% ik

(1w, B TREE LA —He 5k M]. 3 M. dbat. b2
thfsat, 2007 5
HAN Linhai, Concrete filled steel tubular structures—theory and
practice[ M]. 3rd ed. Beijin; Science Press, 2007 ; 5

[21#83, LEE G, CHANG K C, %. W REE -+ AL e 2L )
TERTF AR [)]. JER R TR B2, 1991(2) 2 1
XU Jishan, LEE G, CHANG K C, et al. Experimental studies on
steel tube cored concreteand concrete filled steel tube short column
under compression and torsion [ J]. Journal of Beijing Institute of
Civil Engineering and Architecture, 1991(2) : 1

(3] whARifg, Bhatam. 4R IREE L AL 4% ) BaF s [ J]. Tl #s,
1995(1) . 7
HAN Linhai, ZHONG Shantong. The studies of pure torsion problem
for concrete filled steel tube[ J]. Industrial Construction, 1995(1) .
7. DOI; 10.13204/j. gyjz199501002

(4] S0HOFT, SkiGIE, E3CIk. NS R A TR B T 2l A 1 )
ZEPEREDESEL )], ASAE IR, 2013, 34 (3T 1) ; 327
SHI Yanli, ZHANG Hailong, WANG Wenda. Research on
mechanical behavior of concrete-filled steel tubular member with
encased profiled steel under pure torsion[ J]. Journal of Building
Structures, 2013, 34 (Sup. 1): 327. DOIL. 10. 14006/j. jzjgxb.
2013.s1.049

(513, EFA, A T/ IrNE TR EE LA A Ty - HAE



5513

Jal =, AF . BUZ B TR BE b A L [T 1 AE I - 129 -

EAVEMTAREME RN M« 3B E R[], EAR TR,
2013, 46(1): 16
NIE Jianguo, WANG Yuhang, FAN Jiansheng. Laminated tubes
model for non-linear analysis on concrete filled steel tubes under
combined action of axial force and torsion [J]. China Civil
Engineering Journal, 2013, 46(1) : 16. DOI. 10. 15951/j. tmgexb.
2013.01.011
(6] 8, BRBF AL, BOMIE. 181 vh 28 ¢ )2 A9 A TR BB A 411 e i i
2], I J12%, 2012, 27(3) : 288
HUANG Hong, CHEN Mengcheng, HUANG Binjie. Experimental
study of concrete-filled double-skin circular steel tube subjected to pure
torsion[ J]. Journal of Experimental Mechanics, 2012, 27(3) . 288
(71385, BIESE, Wfe, 5. Bk FHLAT30E R Peii H 2L
FIRBE - AE 2 IVERERTSEL )] FRPREEHY, 2022, 39(3): 15
NIE Ying, PI Zhengbo, TAO Xiu, et al. Mechanical behaviors of h-
shaped steel encased in concrete-filled steel tube columns under axial
loads and torsion loads[ J]. Special Structures, 2022, 39(3): 15
[BIZRAAM, 4. B TREE LA AL M BEAHERE R BT[] ].
AFLEREN, 1984, 5(6) ;13
CAI Shaohuai, JIAO Zhanquan. Behavior and ultimate strength of
short concrete-filled steel tubular columns[ J]. Journal of Building
Structures,, 1984, 5(6) : 13. DOI.10. 14006/. jzjexb. 1984. 06. 002
(9T, BE-ME SRS LA I PEREMIBTSE [ D], K
% KIEMTR, 2003
ZHAO Dazhou. Study on the mechanical properties of steel tubular
columns filled with steel-reinforced high-strength concrete [ D ].
Dalian; Dalian University of Technology, 2003
[10]STEWART D. A platform with six degrees of freedom [ J].
Proceedings of the Institution of Mechanical Engineers, 1965, 180
(15): 371. DOI; 10.1243/PIME_PROC_1965_180_029_02
[11]DU C, WANG T, ZHOU H, et al. Development of an integrated
load testing device for a substructure hybrid test of a curved bridge
[J]. Experimental Techniques, 2022(46) : 398. DOI; 10. 1007/
s40799 - 021 -00492 -y

(1217505, sssgrge, iEslF. AR Mfk | a5 Ry« ks & 5
BT, TR, 2017, 34(3) : 36
FENG Peng, QIANG Hanlin, YE Lieping. Discussion and
definition on yield points of materials, members and structures[ J].
Engineering Mechanics, 2017, 34(3) ; 36. DOI; 10.6052/]. issn.
1000 -4750.2016.03.0192

(13 TX0 . WETREE LR A2 R i TAENL R SE [ D], A . Ao
MK, 2005
LIU Wei. Research on mechanism of concrete filled steel tubes
subjected to local compression[ D]. Fuzhou: Fuzhou University,
2005

(14 ] . WETREELMIFPU PR R ARERDTTE [ D], W
IR MRIE TR, 2011
XIE Xianyi. Research on shear and torsion behavior of concrete
filled steel tubular members and the application in national standard
[D]. Harbin;Harbin Institute of Technology, 2011

[15]58E &, WE R EE T M 7E R 22 = J1IRAE T 19 TAENL B 5T
[D]. M. FH R, 2006
YAO Guohuang. Research on behaviour of concrete filled steel
tubes subjected to complicated loading states[ D]. Fuzhou: Fuzhou
University, 2006

(161 EF M, e[, Sf@ A, R 40 IR BE AL i 2 41 M AR B Y
[J]. TRIJ1%, 2014, 31(3) ; 222
WANG Yuhang, NIE Jianguo, FAN Jiansheng. Study on the torsion
behavior of concrete filled steel tube column with circular section
[J]. Engineering Mechanics, 2014, 31(3) . 222

(1719880 50, Alehfe. 25| 2.0 M IR EE T M AT BT 5T M Ak 1o F
FOIl . SREEREETIIC[ )], EFMAMIERE, 2012, 14(3): 8
XIE Xianyi, ZHA Xiaoxiong. Torsion and shear behavior study of
hollow and solid concrete filled steel tubular ( CFST) members II ;
Theoretical research on strength [ J]. Progress in Steel Building

Structures, 2012, 14(3): 8

(HmE AWE)



