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EXPERIMENTAL STUDY OF CONCRETE FILLED STEEL TUBULAR
DUMBBELL-SHAPED BEAM UNDER BENDING
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(College of Civil Engineering, Fuzhou University, Fuzhou 350002, China)

Abstract: Bending of concrete filled steel tubular (CFST) dumbbell-shaped beams is studied experimentally.
Two types of cross sections of beams are discussed. One is the traditional type with concrete-filled in the web
space, the other is a new type without concrete in it. Experimental results show that the CFST dumbbell-shaped
beam has favorable elastoplastic and ductile properties. It can bear load even when the deflection reaches
one-twentieth of its span. The concrete in the steel web has some influence on the local behavior of the web, but

has very small influence on the overall behavior of the beam.
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Fig.1 Cross section of the specimen (Unit: mm)
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Fig.3 Load-deformation curves at mid-sections

120
100 |-
= 80
§ 60
=40
20 f

0

Cl-1
C2-1

0 01 0.2 0.3
@ I(1/m)

K4 Bpi—es b2 ih 48

Fig.4 Moment-curvature curves at mid-sections
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Fig.5 Moment-longitudinal strain curves at mid-sections
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Fig.6 Moment-lateral strain curves at mid-sections
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Fig.7 Load-Poisson’s ratio curves at upper and bottom sides
of composite material
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Fig.8 Moment-strain curves in steel web at mid-sections
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Fig.10 Longitudinal strain distribution curves at mid-sections
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Fig.11 Fiber swath partition and strain distribution

n
M :Z(O-s - X 'dAsi T0o¢ X 'dAci)
1

n )
N =Z(O's 'dAsi +0¢ 'dAci)=0
1

X, o ZoRFAT PANE U NN ), o K
gk FRRRE L R IT N T, X dAg ~ dAG
HARZ Rt s .

NI TSR 70 B AT, WA 7R S v R A A TR ok

b R AN R RE 2 ) FEAH ], PRI, HEAT
W 4 7R % 1) 50 o S0 IR SR P [ A Ve ek 1
ARG R o ASCHE LRk v b, B0 TR BE
KSR 1A R AL 0 AR A — 2T Y oo, 3L
AR ADRER U B 2 21 01 B ) — AR 56 R
thek, VR —4EaA . I R B O %
S AN 0 TR - 2 RAR FH RN ) — ARG R H
MERIE A STHR[14] -

X IR A6 2 (A PR AT 2R T A R W 2.
TR, ARIRIS> R 100 N4, A0A I B A i
E, =2.01X 10°MPa, 4kl fR N2 £y =1686us
Jii M 5k B f, =339MPa, M [ G f, =16 f,
=542.4MPa, JREETHIPURIREE f, =34.2MPa.

2 (kN)
Table 2  Ultimate loads (Unit: kN)
R fF PHAE N TRIOAE Np s N i1/Np iy
C1 208.8 227.6 0.91
C2 192.8 203.6 0.95

M 2 AT, TR CL 4Lk A C2
A IE R BAE D, RZEAE 10% 2 W, T
T

5

A SCHEAT T 0 A VR ek R A 7Y 2 7 5 G
To EELTRUT:

(1) MR VR W % ARG HATAR G (2R AN
WEVE . FEFRIEIL ) LI20 I, hfedksikE, HIoR
P8 Je BRI B I B o AT M AE B E B B REAR &
I AL, AEFREITERT BB FEAT AL -

(2) MEfks N AT TR e L (R A S % AR T 4
JE P P9 AN SRR it L VT TR % AR TR R A L, i
(RINIE B R BT KT e IR 32 T PR RE AR A
L2, (HEARSZ I TERESEAARI], SRHADH 2L (¥ WL %
TR 2 FTAT o

(3) fEFVERT B, RGN 1) AR A ]
NENIG, WESE NIRRT Y52 R
Ao BENFEIVEBUS, AR S B PR
AN EIE L, A TR 2 BN A I R R
fAE A, NEE IR SRR AR, N A
o) IR A AE — B REE b2 B TR BE L AT .

(4) % B MERIL, Y AR R 450 {F 5 4
KIS BN 0T IR IR TR



YIh 557, A
TGk Rz 25

R 125

et WENSRIEVE)E, s 2 PO EN AR X HiE
A, AHGR IR B fii A 2T B rh TR e 1. Xt
TR N BAT Fe SR BRE LR, AR 52 8k

7%, WUHERZE, 2 MERESS H AN 2y i A
AT EATR, AR RIS, 1545
4k,

(5) iR C1 Ak fHi L C2 41t
PEfR 10~12%, LIRS A TR L6 LS g )
AP EAEIFAKOR, %5 SRR FE A R e 1
WEE I T 2% HL S 5 R I, 7 LA 44 7
IR Y R DAANSE e TR 1

(6) LAENAE s K 2T 4 AR TT 4 0E N S AL B BUAT:
NPT BR85S L, @A 10000 pes Xt
IO (R Ay 3 g AN TR Tt - PR 7S R PR A 2T

(7) Je FEUE VAL, LD T A% AR g 0 TR
e L RS E AR B RE, AR P S M PUES AR B
RIS, RZELE 10%2 P, AEfs L TR H
ZER . (BT BB, V)T 2T —
FOTAT RIS, XA R BT SET 1o

[1] BRER, miEz, . 908 TR T W B R0 R AT
RIAFFE[I]. TRE 1%, 2005, 22(1): 187~194
Chen Baochun, Huang Fuyun, Sheng Ye. Experimental
study of concrete filled steel tubular dumbbell-shaped
short columns under axial loads [J]. Engineering
Mechanics, 2005, 22(1): 187~194. (in Chinese)

[21 BRatr, HiEEse, FdtWl. A0 R TRE LN 2% 7Y i s A
RRIGHFFE[]. TRE J12%, 2005, 22(2): 89~95.

Chen Baochun, Xiao Zerong, Wei Jiangang.
Experimental study of concrete filled steel tubular
dumbbell-shaped columns under eccentrical loads [J].
Engineering Mechanics, 2005, 22(2): 89~95. (in Chinese)

[3] Shun-ichi Nakamura. New structural forms for
steel/concrete  composite  bridges [J].  Structural
Engineering International, 2000, 1: 45~50.

[4]  SRAUR, TR, ANAE TR IRE T T e R R T S ]
I LK, 1985, 3: 28~29
Cai Shaohuai, Gu WanLi. Experimental study of bending
strength of concrete filled steel tubular beam [J]. Building
Structures, 1985, 3: 28~29. (in Chinese)

[5] Yasuo Ichinohe, Teruo Matsutani, Masayoshi Nakajima,
Hiroki Ueda and Keiichi Takada, Elasto-plastic behavior
of concrete filled steel circular columns [C]. Proc. of 3rd
International Conference on Steel-Concrete Composite
Structure (Fukuoka Japan), 1991. 131~136.

[6] H G L Prion and J Bochme. Beam-column behavior of
steel tubes filled with high strength concrete[C]. Proc.of
the 4th Inter. Colloguium North American Session, New

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

York, Structural Stability Research Council, 1989, 4:
439~448.

MR, AN iR R e A R ) 2 M e SRk 3
TR, W RIS R 5244, 1997, 2: 32~40.
Han Linhai. Study of behavior and flexural capacity of
high strength concrete filled steel tubes subjected to pure
bending [J]. Journal of Harbin University of CE &
Acrchitecture, 1997, 2: 32~40. (in Chinese)

Zo, WHAL, O, M, KRR, ME R R L
PEAF AN M BT[], LR TREZEHR, 2001, 3:
74~77.

Qin Rong, Xie Xiaoli, Peng Wenli, Li Xiumei, Zhang
Jianmin. Analysis of cracking accidents of CFST arch
bridges [J]. China Civil Engineering Journal, 2001, 3:
74~77. (in Chinese)

MR, BREAF, T AW AR VR R N R A i i
TR S 3 A [CL. T A B o s MR R AN G5 4 TR 2
2002 FAEM R AR U0 A, N RASH R
2002. 583~587.

Xiao Zerong, Chen Baochun, Wei Jiangang. Analysis of
construction stresses of CFST dumbbell-shaped section
[C]. Proceedings of National Bridge Conference 2002,
Chinese Highway Society and Chinese Bridge and
Structural Engineering Society, China Communications
Press, 2002. 583~587. (in Chinese)

AR, B R B L AE A IM]. B B R
2000.

Han Linhai. Concrete filled steel tubular structures [M].
Beijing: Science Press, 2000. (in Chinese)

PR, AR RE LA R M]. BRI SRR R
A AL, 1994,

Zhong Shantong. Concrete filled steel tubular structures
[M]. Heilongjiang: Heilongjiang Science and Technology
Publishing House, 1994. (in Chinese)

o[ L AT bR UE. R TR R 2 A A B R
(DL/T 5058-1999) [S]. [l Jy i kAt 1999.
Chinese Electric Power Standard. Design Specification of
Steel-Concrete Composite  Structures (DL/T 5085 —
1999) [S]. Chinese Electric Power Publishing House,
1999. (in Chinese)

SR, BRI LA [M]. dbat: R AR A
JUIT, 1992

Cai Shaohuai. Concrete filled steel tubular structures [M].
Beijing: Chinese Architecture and Science Institute, 1992.
(in Chinese)

MR, 2850, ZUUR, BRAN. B REE 2L (R
[53]57) TT A 52 3 X AR 2 PEAT FRIT 70 AT 9], BRI 2% i
2003, 25(4): 80~84.

Chen Baochun, Qin Zebao, Hikosaka Hiroshi, Chen
Youjie. Analysis of concrete filled steel tubular (single
tube) arch subjected to in-plane loads by nonlinear finite
element method [J]. Journal of the China Railway Society,
2003, 25(4): 80~84. (in Chinese)



