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Abstract :  This paper proposes a novel composite member, namely a square concrete-encased concrete-filled double-skin steel
tubular (CECFDST) member. Bending tests were first carried out on 3 groups of 6 CECFDST specimens under
different shear-span ratios, to explore the failure modes, mechanical response processes, deformation laws, and
influence of shear-span ratio. Then, a finite element model was developed to conduct the stress analysis and

parametric analysis of the flexural members, and its accuracy was verified. The research results reveal that the
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CECFDST members exhibit good flexural behavior, showcasing good cooperation between the components. The

influence of shear-span ratio on bending process and flexural performance was not significant, in which the change in

M, was less than 4.5%. Increasing the concrete-filled double-skin steel tube (CFDST) ratio (D,/B) and nominal

steel ratio (@,) of the CFDST component could effectively improve the moment ratio and strength utilization

efficiency. The external reinforcement ratio () and a, should be coordinated with D,/B in a positive and inverse

relationship, respectively. It is recommended that 0.50<<D,/B<0.75, 0.25<<»<<0.75 and 0.06<<,<<0.20.
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Fig. 1 Schematic diagram of cross-section of a new

composite component
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Fig. 2 Dimensions of CECFDST specimens (unit: mm)
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Table 1 Details of specimens

M,/ M, F 318/ K./ K318/

\) 2 o ! T 34
A5 a,/mm V../kN (kN-m) (kN*m) (kN-m?) (kN m?) Hee po T3 AE
CECFDST-1.5-1 270 188.81 50.98 1602.35 2.679
51.96 1581.93 2.688
CECFDST-1.5-11 270 196.07 52.94 1561.50 2.697
CECFDST-2.5-1 450 110.16 49.57 1513.45 2.465
51.21 1604.03 2.546
CECFDST-2.5-11 450 117.44 52.85 1694.60 2.626
CECFDST-3.5-1 630 83.54 52.63 1601.05 2.705
53.64 1642.45 2.850
CECFDST-3.5-11 630 86.71 54.63 1683.84 2.994
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Table 2 Mix proportioning and measured mechanical properties of concrete

Rt £ B A/ (kgem ?) BB X S AR
W B RSB R
K KR B & &F KA f,/MPa  f'/MPa  fi,../MPa E./GPa e
kB L 193 624 188 770 830 11.7 59.9 47.3 63.5 35.9 0.21
ShER L £ 216 450 150 800 850 6.8 52.3 41.3 54.9 35.4 0.22

i f A R R AT KR A 28 K BT M AR 5 KR SRR LA 4 B8 SOk [ 11] 3 0 00 Rk AR AR R L, b K B A 40 R
kI RFE R L E A i R A I SRR A il i
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Table 3 Measured mechanical properties of steel

MM DXi/mm  f,/MPa f,/MPa E./GPa p,
sh4m% 1143 3834 4958 209.9  0.29
MRS 60X3 3824 5236 2074 0.29
8 HA — 408.9 6843  200.0  0.27
b6 5 i — 396.5 7054 196.0  0.29
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Fig. 5 Failure modes of flexural specimens
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Table 4 Statistics of cracks
Ry g‘ﬁl%ifﬁ% “E }?@ SEBREIRT W %%ﬁi%%ﬁh ﬁ%ﬂ% ﬁ?%ﬂ%%%?i
& LUk H#EKE /mm 4% A 3B /mm G X 24 BT R F A
CECFDST-1.5-1 35 29 78~145 26~T71 3 0.60V,,
CECFDST-1.5-11 36 32 70~140 23~65 5) 0.50V,,
CECFDST-2.5-1 30 20 87~135 18- 65 7 0.75V .
CECFDST-2.5-1I 31 23 90~130 15-67 6 0.70V
CECFDST-3.5-1 28 13 112~145 35~63 9 0.70V,,
CECFDST-3.5-1I 33 15 95~133 22~62 8 0.80V,,
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ratio relationship curve
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in the mid-span section at different stress stages
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Table 5 Test and numerical calculation results of the properties of the specimens
N . oS , o M / M, leM/ M 1:1-;1\/1/ K / KHS\/I/ M If]-_'/
XAk & o Sy w . ) N N .
RARR BASE (kN-m)  (RN-m) M. (kNem?) (kNem?) Ko/Be e terme U0
CECFDST-1.5-1 50.98 0.959 1602.35 1.064 2.679 1.083
48.87 1705.02 2.901
CECFDST-1.5-11 52.94 0.923 1561.50 1.092 2.697 1.076
CECFDST-2.5- [ 49.57 1.008 1513.45 1.112 2.465 1.140
AR 49.95 1682.94 2.810
CECFDST-2.5-11 52.85 0.945 1694.60 0.993 2.626 1.071
CECFDST-3.5- [ 52.63 0.950 1601.05 1.048 2.705 1.106
50.02 1678.21 2.993
CECFDST-3.5-11 54.63 0.916 1683.84 0.997 2.994 1.000
bee2 14.07 15.36 1.092 424.83 438.49 1.032 4.440 4.197 0.945
Lakl[7] bee3 17.40 17.78 1.022 440.75 461.26 1.047 4.814 4.509 0.937
beed 18.90 19.64 1.039 528.95 541.16 1.023 3.056 3.532 1.156
Rk 0.984 1.045 1.057
ARk £ 0.060 0.038 0.075
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3.3 AEEELIXEGEZHSWN
3.3.1 WASNE

e BREBR 25 B, A1 350 4 A7 TR 8 + (HRC) #B AR5 %) 1 &
TR T (M) R AR TN CEDST #8441 &
KE A H 2B RS (Mg ) » H 08 B K5 R0 ST,
(SI(‘fdsl:Mlllf.«‘fdsl/Mu[,cfds\5 Ml/lf.ordm Howl O A BRR A
CFDST #1425 %) A F 0.89~0.95. A [] 5 5 Fb ik 7F 4%
FRORZAS HRC 5 CFDST #8441 8 43 e an 14 14 Bios , i K]
AR BN Y B L SRR T 2 M 4y IC T CFDST &R 4F,
Bl & 2 8 K85 S, a,/B 1 3.5 & 2.5 M1 1.5 0, M/ ./
M, ren 3B 4.7% F18.9% ¢
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JE RSB (S, ) WK 6. R AP AT LI H, A B i 5k
VN e JZ= R BE - S BE 5 B LU ORI/ o C AR RR
RS, B 85 1y 2.5 B9 R 1R S SRR Bk £ Sy (W R KT
BTRS L 1.5 F0 3.5 AR 1, e J= R BBk - Sy T BT IR A
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=
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E 14 a/B %t HRC #1 CFDST 384 77 46 4 EL &Y 22 Wi
Fig. 14 Influence of a,/B on moment distribution
between HRC and CFDST components

N 5 A [ B 5 LL R R AN TR B 1 S,y 3 A0 T Ok F
fe RPUE 8 5 0 R B B B, i AS [R) BY 15 LA 14 e 2
REE 1 S, AT 0801 ~1.127, R ik fF CECFDST-2.5
Gb ¥ H E BB R B (£ =50.11MPa) , HAH 76 i
BRI B 1,27/~ 1.33£", M 1A B H A0 40 4 X e 2
TR+ 2 ki .

x6 ARZNAHBREERLIZEXHNEERKS

Table 6 S;; , of concrete at different stress stages Nemm
CECFDST-1.5 CECFDST-2.5 CECFDST-3.5
st EA
AL(L) BAGS,) CAQ) AL(L) BA(S,) CAQ) AL(L) BXA(S,) CAQ)
SRR AR £ 34.98 48.99 35.60 34.21 46.94 49.73 32.44 44.11 37.23
* BR L 16.53 27.04 56.23 15.89 24.04 39.95 15.02 21.40 51.61
3.3.3 ErhEfmmER KEMN S x7 BREMERKEMMNN

TE SN 55 A1 TR B 1) S i Ak 1S T Oy, S
A 5 e SR TR B L ) B TR S 0 R o, NS SRR
TR E - (5] 5 T 2 ol 15 T3 89 s A BROIR S I 5 F A 4 1R
5 2 fioh TR e KA Ak N I LR T AR TS, o
Prmax— P max » < W AN B AE X S )22 1R 56 L ) 29 SROWT 88, Ah
VA0 A5 9 5 b X AN A S A — B AR W BROR A I
BE 0 25 LU TR, o1 TS RO KT o W SR 0BE/DN 22 A
A S o A BRIT T3 45 2R R 7 45 43 ik T e O 4 fiph 7
JIe A 57 i P T 52 P T, H B PR A T S A T
ARTE /N T2 A A R ] AR T, HL 2 N e J2E R B A A A
RS AR 8 T A2 H M DA 42 fd 7 g B K

3.4 M-u,Bi&n

BT bd@Es k@ s K EWERE L&A
A A TR A B ST R AR R SR LA T AR T R~
PUE I S 800 B, B S 8005 B8 : L=2 000 mm, B=
220 mm, W 44N 45 42 D, B D, 43 5 S 88 mm A
154 mm, P P40 45 BE TS £ Al 2,35 0 3 mm, A E 4 R

Table 7 Maximum contact stress on the mid-span

2

contact surface Nemm

i%zigﬁ CECFDST-1.5 CECFDST-2.5 CECFDST-3.5
P1omax 1.16 1.24 2.09
P2.max 4.48 3.45 2.84
P3.max 1.34 1.39 1.58

12 mm, SR A % 0=A 1/ A, =3.04% (A F A 43 9 K
G IS 2 A5 AR T LRI A S T R A R v R 5 AR R ]
435028 8 mm AT 100 mm , FM F1 I J2 1R BE + 58 B 43 51 ok
40 MPa #1160 MPa, X% 9\ A F 4 577 (4 Ji Iz 56 B2 53 531 hy
355 MPa 400 MPa #1300 MPa, %5 0> y=D./(D,~2t,) =
0.59, % CFDST # D,/B=0.7,a,/B=2.5. W& {2
F1 4 i B M, e R A& 15 FToR o [ o 3% J7 RRAE 5
LS Lo Q. Soe i RN B384, I Ax 32 TR AE 2 DA 2
Z ST B BERRAE A AR A2 . C R AR IR B Ak
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B, 27 A1 1R 5 4 1 2k ik BB B R 2 (3 300 pe) '
R AR TE W] S 384 O, W Bk — 2P A 5 S, AR N A 52 4ir
000 Jk I 5 DA L, QA L €, HIT R HE AR BB 5 S .00 R IE
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e T ¥ 525 S AR A AN AE 32 T 00 i I

100 -
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g 60 b, Ser0.01 (D)
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Fig.15 The M-u,, response curve of the typical member

3.5 SHHMREMIZITHERIN
351 SGHFRENERELEEZLENFMN

WF5E D,/B Fl y %t HRC 1 CFDST 3 4F 77 4 43 e &
SRR, SR E R D,/B=0.5~0.7, y=
0.37~0.83, He A 8 [F] 3.4 5 g~ (8 . R[] D, /B Fil
x %F CECFDST #4) /4 4% B AR 2 P 43 B 1 5% i 2 51 16 i
o HEEH,D,/B 051 % 0.6 F10.7 K (y=0.60),
M. s/ My e B 0.406 38 25 0.490 F1 0.564, 3% I B 2. 5 x
i 0.37 3 % 0.60 1 0.83 Af (D,/B=0.7) , M s/ M rpm
FH 0.541 34 %5 0.564 F10.595, 34 % H 42 B & ; CFDST & 44
N 3 53 BE o LG AR 0 D R AE T CEDST #8448 1 Bt 25 52
SiN 0Bl N

D,/B Hl y %t #% BROR & CFDST 6 1F 38 Ji % #5550 R
SILys WIS QT 17 s o A0, 4 D,/B 1 0.53% &
0.7(x=0.37~0.83) i} , SLyyo BIHE IR 7E 11.6%~12.5% Z
6], 88K D,/ B e W 58 48 T+ ST, {538 W 32 8700/, 24 0 F
0.37 34 % 0.60 F 4 & 0.83 f , KA D,/B(0.5.0.6.0.7) F
STqq W38 W 23 3 7E 0~1.2% Ml 2.3%~3.2% Z [a] , y %t
Sl W 5% W8 /N o 48T T B D,/B Fl y W 43 51 4% SC
ik (18] A SC ik [19] v AH 56 B 2 , B 0.50<<D,/B<<0.75.
0.25<}=<0.75.
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Fig. 16 Influence of D ,/B and y on moment distribution
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Fig. 17 Influence of D,/B and y on SI 4

B 3 HE o L BN s 1Y K o BB BA 1 42 HRC #AF
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I 558 i 28 AL AN B 2 (R0 A 18.0% F142.0% ). NIk ,0 5
D,/ B REARAE IE 1) P38 DL SR R 4 14 7 40 43 B ] e 3 2
SCHRL L8] e iy e Al 23K
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e BRHR 2 g 4 43 BC 1 5% e a0 P19 BT R o H TR T B
D,/B3 K ,CEDST # 44 J1 5 i be i 238 0 5 38 K o, BB
B & $& F+ CFDST #6444 J3 4 5 Lo, B iR 72 D,/B 1 0.5
187 0.6 I B AR (1 17.9% F144.7% W E 12.1% F
33.8%) , £ D,/B ¥4 % 0.7 WF 3 0 JF — 25 F [ (3 05 N
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Fig. 18 Influence of 0 on moment distribution under different D /B
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