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2.1 FIER

M TR IREE T AU AR A% HLAIR LA B S5 A B P AR 81 0 ol FH B9 48 2 SR TR 35
R LA e BT R ER T B 7 DA AR (R TE ) D(B) = 200mm, ¢ =0.5
AR BE A R A 5 TR A A [ X Ee. AT LR B, X R IR e A,
FEFAEAE T R e e v AR Bl 2 I A A R MR e i 2 4% | 5 B 2R 7K 3
1, B BAF B L I e TR FARAS TR E AT, o TR FAZ OO TR BE AR b R) T4 | 175 42%
OTREE LRI AL R4 5 W%Eﬁjza’mr“jﬂ?ﬁ AN AL TR EE AN
BRI, A R, AT ) T 448 VAR TT 24 BB, HLIT 243 o0 I TR R Sl 2k
R T, LR B

&l 8 Fr7m A RV 2548 RO I S [ i 22 450 A9 A TR BE A PO G 0. T A s B
B RO K TRBE A AL 2480 I, 02 R D B4 2R H00 R, (AR A0 A8 X AZ O TR



786 N HEERN S T ARk Vol.31

B - 2 AR R A0 TRE L R A T N5 4, BT RE SR # . ML 2ie 5 A
IRAEWI G 7 4, B B4 2R BOM K, B BT N LIS S Nie %7 B 4

%A
(=1
0.5 0.65
¢ t t

AR ; : e
! D(B)=200mm : ! D(B)=200mm
(a) L REET AT RS EL (b) AW AR IE M RE AR EE

8 IR EE L AEBIR
Fig.8 Failure mode of the CFST columns

E 9 Fii7s i D(B) = 400mm ¢ =0.65 A4 -5 80588 A [R] /5 BE AL AR 1 G R, 4G 3R
AR YN N AR e Fl &, 3 3 A B GN ] A FNIR [ 8728 | e i & 53 3878 T BN
AR A\ 10 g AR T[] 8 AR AE SR B B 1A E AN ] v Ak v B ) A o 10 AR i 2k
AEABA KK 2T IR BIBR A Z I 59 A8 A () v B2 A A FH -0 A8 E R 22 AR
J7 BN A g AR R T B 4 AR | 33 SR T (B A A R R AT 2 OO B T N
BI57 I AR A O TR BE 1 A 2 P i T rh R .

600 . 600
500 500
JikE
B 400} E 400
z
é 300+ < 300 - ?“%‘ e
% i & 8;5] "
& 200} { o — - — e, B 200 alf el
b he2
& — - — &n o Lantw
100} o o 100 & e
0 . 0 .
0 0.002 -0.002
(a) [EHE (b 7kt

P9 - AR

Fig. 9 Relationship between torque figure and stress-strain



No.3 G WA AR IR LA G A TR RS 2800 240 WS (B3 187

2.2 HHsE-FERAmMs 1200r

10 T /2% 2 22 TR 966 b 1 1L 46 f
EﬁﬂgfXﬁ??/@ﬁi*f,*ﬂﬁ-%ﬁﬂﬂ?ﬁﬁ— _ 900 N B—1000mm ZZ B=400mm
AR TR, TR RS | [ e /‘5;;‘38:33;‘
FHLAESREE I R LRI ZoR By, R 5 7 N
AW RAONCHERE X SRR T [P T
BE AR RE ) 4 ’ T

111 73 A B8 S U 5 A A 7 S0 e e
VERUBE - LG 7 1 2 % LI 10 T 1A v

O MR L SRR
B 4 0 222 5 9] 52 BRI G R O LR Fe 10 Disgram of ot st
FIZILT-BEA T R B, i B BRI S, angle of plain concrete columns
M BA TR, 2 S8 F I, Ui R 1Y

TR S5 R B R AR 5, BT RE T4 .

16 000 16 000 -
D=1 000mm B=1000mm

12000 ,~ _ _ _ _ - - = == == 12 000}

z 6 E

o I A oy

< gooof )7 T TS T T é 2000k [

R e 2 ,

R =
4 000 H

4000 1)~

. . '— >0 246 810

e OWO T . ‘
0 4 8 12 16 20 12 16 20
Hef/ s/
(a) A (b 7k
B SR EE LA - AR
Fig.11 Diagram of torque-rotation angle of CFST columns
3 RS
3.1 HFEREMRTRAE
24 SR L SR BE 2 T 3R
Tﬂlax
Vv, = (1)

14

AV, IR EE DAL SCHEE SR E T, AR ERHLER ; W, S 52 HHL 8w B JE AP AE,
XETBEIEAR , W, = 1/270r  r S TSR 92142 0 T AR A , 4 B 45255 20 19 TE
T 12 A2

P12 Jfr /s g (R 054 14 2% SCHLAFG o B2 5 A RS I SE R B MOR R, R FHEAY 44
FHEE 98 B SR T 07 A, 1S i T 158 19 A8 o TR B - ) 29 SROPE T B i I 448 g ROST B R, 44



788

N RS TRl 4R Vol.31

SCHLE 55 i 55, ELDAE A 559 O R B2 08 T B , U DR RUST 1 1) D B0 o ke B - i 24
FAE R R AR 58, B D7 A ) RS R0 56 7 [ R B 4 3R R 0 O, 44 SCHL G i B
il 535 P ARG L b oA (S v 4 S AL o B2 -2 4 RUSF SC AR IR A5 31, 1 J5E 12 it ik 44
SCHUHL SR JEE (89 ROSTZEONE 1E R 3 7 — A RO RS (8 BRI 28 FOR Sl i L AAE.

80 80 -

Il D=200mm ~8% Il 3=200mm

I D=400mm .~ I B=400mm
s 1 D=800mm & 1 B=800mm 20%
S 60 rC1D=1000mm S 60 B=1000mm i
N N
o1 i
= = 40t
== =)
o o
ap 207 s 20F

0 = 0
0 0.5 0.65 0.8 0.95 0 0.5 0.65 0.8 0.95
(a) [ (b) JrkE

F12 2 SCHUFG S S 4 RT I 5E &R

Fig.12  Relationship between the nominal torsion strength and structure size

P13 Bz N AE SR BE 0 ol R B o5 AR B0 o LU IR AT DUR B BE &

il ZR BRI AR LA o5 LR, 3 5 E Y il 451 v & LAt B 4
R RST B SRS ARHE LR o5 FES R SR DR B 454 U B34 R, CFST FE A 44 3L
PSR BE RN, MO B 44 SO 5 AR | S BB o 235 R R AT A 7 2 L .

AR 5 E /%

3.2

100 100
75+ s 7} ;
ﬂ
;h
50 ;j 50f
s
®
25+ Hoost
nnil
0
400 800
SR SFD/mm ZER R SF B/mm
(a) [ (b) JikE
[ ] e=0CREL HH)
0=0.5 GREEL 5 LE) | 0=0.65 (R#E+ 5 Lk) 0=0.8 GRE#HEL 5 Lk) 0=0.95 GR#EEL 5 L)

™M =050 sty [ s=0650&E 5 [ ] o=08¢W& Htk) [ 6=0.95N% LL)

K13 A A L E A
Fig.13  Percentage of the torque graph

5 Bazant R~ 2R3 EE
HAT, ENAME BRI T 2R TARZ R IR SR+ R HROW A, 10 Weibull ™ Bt



No.3 G WA AR IR LA G A TR RS 2800 240 WS (B3 789

ML B RST R0 , Carpinteri F1 Ferro' ™! () 22 5 70 J ST 8508 A2 F1 Bazant ) 1 K 22 7 2%
RHREBAEE He 4517 3252 1 02 Bazant'™ [T 7 2% ROSHRGn B, 43 A AP, B Type-1
RS RN R Type-2 7 RUSF 3500 1.

Type-1 B RST 28007 HH BAE 2 00224 2 MO I A= 1ok, RV IR (R YR B - 454 v SRR BE AR 1Y
TG IR S T PR 09, BHCOR 2 A A TR B - 3 T Y SR S0 AR Ak | 56T BT 2L 68 1 RS R0 2 H 7
R AL B X FME LT T A 1 1) 44 SCHLEG 5 B2 A XU B0t 42 ol JEBR 0 1
— AR 0 BRI 2R Type-1 LN S ST /AW R

rDh 1/r
Vu:Vuoo 1 +7 (2)

K. v, HEE R4 USRIV, W TEBR R RSE (D—+00) #1944 CHUHHSR EE 5 A1 D,
53R 5 TR EE TR e e A T IR A 5 2548 RS eG4 il TR N AR ¢
FHAE TR E A Sl R R T 3500 i B B 5 450, Rl 2% Kivane 551 IOBIFSE, B r =
L5 A RIREE A B EAS, B v, =3.18MPa, D, =68.32mm, Ji#E V,, =2.94MPa,
D, =102.3mm.

Type-2 B RS 28007 H 07E 24 Al e 11 Wb 38 KT 7 30 A IX RO iR e - 25 A .
XN

Vo
V,=——— (3)
J1+D/D,

oV, F Dy 3000 55 TR B - W M R S 45 K TUART I IRAT DG AEL 5 2548 RUS) T S 1 4
PG RIREE - AE pOB RS , R4 V, =4.22MPa, D, =1 780mm, )51 V,=4.31MPa, D, =
1 267.2mm. & 14 7R R0l 45 5 5 W FR ROSTROR A 0T b, ol L& 1, 2R TREE AT #if
RE 29200~ 1 000mm ALK -5 PR RS R4on A il 2 W) - e

8r

(=)}
T

4 XAUHLEE V/IMPa
B
|
i

% UG8 V/MPa
s

— Type-1 SEL Nl — Type-1 SEL ™~
F---- Type-2SEL _ v, ¢ 2f---- Type-2 SEL V,

— . NewSEL Va= ———— — - “NewSEL V.=
[N 1+ D/D, Seal N . 1+ D/D,
o mumsetmp /10D O sk "

0 10' 10° 10° 10° 10° 0 10' 10° 10° 10 10°
ZEK RSP D /mm 45K R~FB/mm
(a) [ (b) Jikk

S ERNG 3 A
Fig.14  Size effect law

o
|

MIEL 14 FroR thE8GE Sk, v UZBLRLR PSR Type-1 B RSFROW AL, TCRR/IN
ROTAE 48 AL SR B T 1ETE55 5 Type-2 BURCTROW A, TE BRI ALY 44 SCHU %
JEHT 0, TG SEBrR. I, 75 275 BN Bazant RGHHOW A A AT IE.



790 N TIHER 5 TRER =24 Vol.31

33 RNIMMEMEIE
FET UL 50T, % Bazant RPN AR HAT TIEIE ABIEARN
V, -V

uo

Vi=———+V, (4)
J/1+D/D,
. vy R D, 435 R SR EE 1 W RPE AR e S5 R T LA AR A SR 25k RS JE DG 1 4
Vo FHICFRKISE (D—+o0) 14 SCHUAH 5
Kim"™' & XV, =0.47f,. 5B5 bV, W80 BOZR RIS I0 Jv  oh F8v D H 6 55080
HE V,, = 0.5/ 38 3 0 R IR BE A BB #E AT 05, 15 BB AE V, = 4.49MPa, D, =

01r 253.47mm, Ji #£ V, = 4. 95MPa, D, =
I CATe R 164mm. FH &l 14 AT A1 & IE J5 B9 R SF 3
TSR ST R I 0 26 SR 2 R

01f ‘@ @% T2 LTHLE B S A5 R,
[ d-050 md-050 & 2 HoAT DAskE G L 12 2 4 7 5 ) L.

02F @ d=065 & d=0.65
L © d=0.80 I d=0.80
O d=095 [ d=0.95
REE

[+ D=140mm"

~0.4F X D=140mm""

% D(B)=200mm"”

HIIEL 15 AT, B4 2 5 5 7 R <
SRR A BTy R WAL O B 4
LT B 2 T B 7 R G R
\ S B T 1B R G 365 2 I R 58 2 7
SN 2R R O A 4D R A K

g (Vi Vi) (Vo= Vi)

-03F

| % D(B)=400mm""

OO TTO0 05 0 05 1o = )
I2(D/D,) L U B il AR B3 Ok, R
s e HOBEASH . RN 42 T R4 A%
Fig.15 Modified size effect law ﬁjﬁ(l)= 140mm''+** ,D(B)= 200mm " ’

D(B)=400mm'""") 5 & 1F 5 B RT3
PEAEHEA TR G, K AN TR RS R B4R A TR B IR 546 1 i 4 RT3 ) 4 4
HE— 2SR T8 RS 2% 3 B L A 1

4 Z5ig

R AL AR Iy 12: N7 1 BB TR BE AT AR A T B0 = 4 A0 WL (B A A 5
TSR ORI $ii 2R 80T SR TR S5 AR HLS B9 RGO LR e 1B 1E T Bazant )
RAF RO AR E5E T .

(1) BRI AAR KRR BE B 8 T 25 M B AR B 1, HLAR o 1 &5 H B PR O HHL P SR L

(2) A TRBE T AE A9 22 SCHTH R BEATAE NS OM IR, HLIAE A RS R0 5 T A 5

(3) TR AT, A TRBE A Sl HH BOR RS S8ON B8 W X it 2 i R 18
T, 24 SCHTHL 5 JBE B89 RUSTS800 B ) 555 5

(4) FRRCADLES SR al A0 A8 TE i A RS S80007 B 408 1 0 b il ik 4 IS 30 L ) 9 4 TR
RS IUEETICEH SNV TECIE

FRTBIE AT A AR ST IR BN 4T ke 2 R AE IR0 000 25 AN AL 5 SR AR 2L T 50 5
Wiy B TR B L RE DT R RE A0 FCA N 3R | TRTISS , AT3 5 T R R R A TR 1 A ) Sl R i
Bkt — AR BT Y T S



No.3

G WA AR IR LA G A TR RS 2800 240 WS (B3 791

(1]

[3]

[4]

(5]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

& % 3

Beck J, Kiyomiya O.Fundamental pure torsional properties of concrete filled circular steel tubes[ J].Construction and
Building Materials, 2003,60.285-296

Nie J G, Wang Y H, Fan J S. Experiment study on concrete filled steel tubular columns subjected to combined
compression flexure and torsion[ J ].Building Structure ,2012,33(9) :1-11

Nie J] G,Wang Y H,Fan J S.Experiment study on seismic behavior of concrete filled steel tube columns subjected torque
torsion and compression-torsion cyclic load[ J].Journal of Constructional Steel Research,2012,79(12) ;:115-126

Xu J S,Zhou J.Research on the tests of tall CFST Columns subjected to compound torsion[ J].Proceedings of the Third
Annual Conference on Steel-concrete Composite Structure Association of China Steel Association, 1991

Bazant Z P.Size effect in blunt fracture: concrete, rock , metal [ J |.Journal of Engineering Mechanics, 1984,110(4) .
518-535

IR+ AR . GB 50936—2014[ S .4 A R AN [ R AR, 2014

Code for design of concrete-filled steel tube structures: GB 50936—2014[ S].National Standards of People’s Republic
of China,2014

FEAB T, 4 D0 TREE T RS J1 =R AN 1 D5 VR IR T [T J1 25 3R 2011 ,41(4) :411-426

Du Xiuli, Jin Liu. A review on meso-mechanical method for studying the static-mechnical properties of concerte[ J].
Advances in Mechanics,2011,41(4) ;:411-426

28 4 4 W RRAE T A TR A 5 B ST RN S X R A [0 0 R S TR 4R 3R, 2018, 26
(3) :650-660

Li Dong, Jin Liu, Du Xiuli. Analyses of the influencing factors on the size effect of axial compressive strength of RC
columns[ J].Journal of Basic Science and Engineering,2018,26(3) :650-660

Xu J, Li F.A meso-scale model for analyzing the chloride diffusion of concrete subjected to external stress [ J].
Construction and Building Materials,2017,130:11-21

& W, 25 5 HAE 07 58 5 29 TR 5 T IR EE A Al e B B RS RO A [ T R A 5 T AR R A= 2440, 2021,29(4) -
986-998

Jin Liu,Li Ping, Du Xiuli.Size effect law of nominal compressive strength for squared concrete columns confined by
stirrups[ J].Journal of Basic Science and Engineering,2021,29(4) ;:986-998

S, EF, A AR EE AR AL R BN M UR PRI ST (] R TR AE3R,2014,47(1)
47-58

Nie Jianguo, Wang Yuhang, Fan Jiansheng.Study on seismic behavior of concrete filled steel tube columns under pure
torsion and compression-torsion combined action[ J].China Civil Engineering Journal ,2014,47( 1) :47-58

Naderi S, Zhang M. Meso-scale modelling of static and dynamic tensile fracture of concrete accounting for real-shape
aggregates[ J].Cement and Concrete Composites,2021,116:103889

Jin L,Li D,Du X L, et al. Experimental and numerical study on size effect in eccentrically loaded stocky RC columns
[J].Journal of Structural Engineering,2017,143(2) ;04016170

Meddah M S, Salim Z, Said B.Effect of content and particle size distribution of coarse aggregate on the compressive
strength of concrete[ J].Construction and Building Materials,2010,24(4) ;505-512

Song Z, Lu Y. Mesoscopic analysis of concrete under excessively high strain rate compression and implications on
interpretation of test datalnternational[ J].Journal of Impact Engineering,2012,46.41-55

Jin L, Wang T, Jiang X A, et al.Size effect in shear failure of RC beams with stirrups: simulation and formulation[ J].
Engineering Structure ,2019,199 109573

Han L. H,Yao G H,Tao Z.Performance of concrete-filled thin-walled steel tubes under pure torsion[ J].Thin-Walled
Structures, 2007 ,45( 1) :24-36

Genikomsou A S,Polak M A.Finite element analysis of punching shear of concrete slabs using damaged plasticity model
in ABAQUS| J].Engineering Structures,2015,98.38-48

Kim S M, Al-Rub R K A.Meso-scale computational modeling of the plastic-damage response of cementitious composites

[J].Cement and Concrete Research,2011,41(3) :339-358



792 N B S TRRA 4 Vol.31

[20] Cicekli U, Voyiadjis G Z,AI-Rub R B A.A plasticity and anisotropic damage model for plain concrete[ J].International
Journal of Plasticity,2007,231874-1900

[21] Santos L R, Cardoso H, Caldas R B, et al.Finite element model for bolted shear connectors in concrete-filled steel
tubular columns[ J].Engineering Structures,2020,203 ;109863

[22] Jin L,Du M, Li D,et al.Effects of cross section size and transverse rebar on the behavior of short squared RC columns
under axial compression[ ] ].Engineering Structures,2017,142,223-239

[23] Nie J G,Wang Y H,Fan J S.Experimental study on seismic behavior of concrete filled steel tube columns under pure
torsion and compression-torsion cyclic load[ J].Journal of Constructional Steel Research,2012,79:115-126

[24] BEINE, BRILRE, SRHZT. ABAQUS PP YA AE IR [ )] WK T/ , 2012 43 (4 1) :91-97
Hao Minghui, Chen Houqun, Zhang Yanhong. Argument on dilatancy angle based on ABAQUS [ J]. Hydraulics
Engineering,2012 43(S1) :91-97

[25] Tao Z,Wang Z B, Yu Q.Finite element modelling of concrete-filled steel stub columns under axial compression[]].
Journal of Construction Steel Research,2013,89.:121-131

[26] Du X L,Jin L.Size effect in concrete materials and structures[ M ].Beijing: Science Press,2021

[27] 4 W, 5 % 5, 55 008 LLXS CFRP N JCIE i TR B L B2 05 VIREIR K RT RS  Emaatoe [ J]. TR 1 2%,
2021,38(3) :50-59,85
Jin Liu, Xia Hai, Jiang Xuanang, et al. Effect of shear-span ratio on shear failure and size effect of concrete beams
without web reinforcement strengthened by CFRP[ ] ].Engineering Mechanics,2021,38(3) :50-59,85

[28] 4 W, E % A7), % SATREE + 28 BT UIsIA KRS SOs AFFE [ J] . T )24 ,2020,37( 1) :53-62
Jin Liu, Wang Tao, Du Xiuli, et al. Size effect theory on shear failure of RC cantilever beams [ J]. Engineering
Mechanics,2020,37( 1) :53-62

[29] Jin L,Fan L L,Li D,et al.Size effect of square concrete-filled steel tubular columns subjected to lateral shear and axial
compression : Modelling and formulation[ J].Thin-Walled Structures,2020,157.107158

[30] Jin L,Chen H M,Fan L L, et al.Size effect on nominal strength of lightweight and normal concrete-filled steel tube

[31]

[32]

[33]

[34]

[35]

[36]

[37]

columns under axial compression; Mesoscale simulations [ J]. Journal of Structural Engineering, 2020, 146 ( 12) .
04020265

T M2 A B TR BE PRI LA UM 8 [ D] AL RT iR 2013

Wang Yuhang.Study on torsion effect in concrete filled steel tube piers of curved girder briges[ D ].Beijing: Tshing
University 2013

Kirane K,Singh K D, Bazant Z P.Size effect in torsional strength of plain and reinforced concrete[ J].ACI Structural
Journal ,2016,113(6) :1253-1262

Weibull W.The phenomenon of rupture in solids[ J].Proceedings of Royal SwedenInstitude of Engineering Research,
1939,153.1-55

Carpinteri A, Ferro G.Size effects on tensile fracture properties:a unified explanation based on disorder and fractality of
concrete microstructure[ J |.Material Structure,1994,27(10) :563-571

Kim J K.Size effect in concrete specimens with dissimilar initial cracks[ J].Magazine of Concrete Research,1990,42
(153).233-238

Nie X,Wang Y H,Li S, et al.Coupled bending-shear-torsion bearing capacity of concrete filled steel tube short columns
[ J].Thin-Walled Structures,2018,123:305-316

Le K B,Van C V,Cao H X.Circular concrete filled thin-walled steel tubes under pure torsion: Experiments[ J ]. Thin-
Walled Structures,2021,164 107874



No.3 G WA AR IR LA G A TR RS 2800 240 WS (B3 793

Meso-Scale Modelling of Size Effect on Pure
Torsional Failure of CFST Columns

JIN Liu, WANG Zhongshiyu, ZHU Huajie, DU Xiuli
(The Key Laboratory of Urban Security and Disaster Engineering, Beijing University of Technology, Beijing 100124,
China)

Abstract

Under the action of earthquake, concrete-filled steel tubular ( CFST) columns are often
subjected to torsion action or combined action of compression-bending-shear-torsion. The
existence of torque will aggravate the damage of CFST columns. In order to study the pure
torsional failure and size effect behavior of CFST columns,a numerical model of CFST columns
on pure torsional failure was established by using the three-dimensional meso-scale numerical
simulation method , considering the meso-heterogeneity of concrete and the contact between steel
tube and concrete. The influence of structural size, confinement coefficient and cross-sectional
shape on torsional failure of CFST columns with different sizes were analyzed.Finally,the BaZant
size effect law was compared and revised,and the formula for the nominal torsion strength in the
full size range was proposed.The results show that: (1) Pure torsion failures of plain concrete
columns show significant brittle failure characteristics, while pure torsion failures of CFST
columns show certain ductile failure characteristics; (2) The pure torsion failure of the CFST
column has the size effect,and the size effect of the square columns is stronger than that of the
circular columns; (3) Under low constraints (use confinement coefficient to mark ) , the size
effect of the pure torsion failure of the CFST column is more obvious, with the increase of the
confinement coefficient , the size effect of the nominal torsion strength is weakened.
Keywords : concrete-filled steel tubular column ; pure torsional failure ; confinement coefficient;

size effect ;meso-scale simulation ;ductility failure



