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Mechanical Behavior of Concrete-filled Square Steel Tube
Stiffened with PBL

LIU Yong-jian', ZHANG Ning'?*, ZHANG Jun-guang’
(1. Bridge Detection and Strengthening Key Laboratory of Transportation Industry, Chang’an University, Xi'an
710064, Shaanxi, China; 2. CCCC First Highway Consultants Co. , Ltd, Xi’an 710075, Shaanxi, China)

Abstract: To improve the interface behavior between the tube and concrete column, a new type of
concrete-filled steel tube inside placed by a longitudinal stiffener with PBL holes was proposed. It
provided functions of both stiffness enhance and internal shear connection to the concrete-filled
steel tube. An axial compression test was employed to investigate the improvement of bearing
capacity of concrete-filled square steel tube stiffened with PBL shear connector. The shear bond
between steel and concrete was analyzed for the concrete-filled tubes with and without PBL
stiffener. The results show that the bearing capacity is enhanced by 14% to 28% compared to
that without PBL stiffener, and its ductility is also improved. The transfer distance of shear force
from steel tube to concrete column is decreased dramatically with the aid of PBL stiffener. As a
result, the PBL stiffener, welded on the tube surface inside, can effectively improve the
mechanical property of concrete-filled steel tube, thus can provide a new enhancement measure
for bridge construction.
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Fig.1 Schematics of Concrete-filled Square

Steel Tube Stiffened with PBL
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Tab.1 Parameters of Concrete-filled Square Steel Tube Stub Column Specimens
RUEHwS | W H/mm | 5% B/mm | BEJE ¢/mm | WIAR 58 bo/mm | IIARJEJE ¢o/mm | FFFLEAE d/mm | FFFLEBE e/mm | %K o/ %
SC30-1 900 300 4 5.7
SC30-2 900 300 4 90 4 30 100 6.9
SC30-3 900 300 4 90 4 45 100 6.6
SC30-4 900 300 4 90 4 100 6.1
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Fig.2 Failure Patterns of Specimen Stiffened with PBL
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Fig. 3 Load-displacement Relations of Concrete-filled

Tube Stub Columns Under Axial Compression
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Tab.2 Ultimate Bearing Capacities and Corresponding

Axial Displacements of Specimens

A4 N./kN Uei/mm N.Nut UaUab
SC30-1 6 100 2.78 1. 00 1. 00
SC30-2 7793 5.05 1. 28 1.82
SC30-3 7 088 5.61 1.16 2.02
SC30-4 6 954 4. 67 1.14 1.68
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Fig.4 Schematics of Shear Force Transfer on Joint of
Concrete-filled Steel Tubular Arch

MR E 0F 6 494 28T X A2 0 TR B - A A 1)
2 A FH 2 A AR T R A i B R N TR
56 A 7 AT A A A 5 o T R 45 5 R RE 2 DK
/N X 32 ARAEE | 15 A9 A TR OB b SR T ) e R BE B HE
i e B 2 ol A T TR XA B A TR O A T A
L5 M Y 2 A 12 2 M OC AR TR i )R 45 i
0.46 MPa W] W /) F [5 & BT ) KG 45 98 % 1. 03
MPa, S IR 45 5 52 0 /) fok R0 T2 B0 4 S 6 - 1L 19
R AR D R I A A REAE — R VR R
32T R A 1) I3 77 o JR 0 e T R R

55 BTG 45 200 2 A8, PBL BT Jy 3% 4% 11 [7] B
Ao A IR B =2 ) )R 0T 98 8% S B A% 0 . 1k
B 45 R AW PBL 9 J i e 1 10 i 401 32 4 455 i
PR B BB R By Be s AL B Be . Hov 58 Ak B BEARAIE
PBL i e 4 18 1k 2 % FR 5t 52 )5 175 g 4 11 45 22 7R 35
I3 BA RSN S w9 S . ol SCHRLT T op 4 iy
AW RS i T, PBL S B BB R G I S
FE 1 mm DL R 2K 98 1 X, HC BT )RR 4 50K
I AT BEE PBL NS Al (9 895 TR BE 1 16 12 18 57
Jyit PBL 3% 4544 56 F K 25 7E F 3k B BR 5 B . {2
SPARCE A RE B AY b 1) 5 ) 58 4 8 il PBL & A )

B TR EE AL 3% . 2 0d — Be BBy 1, ) A IR BE
LARTE PR L A AR AR S . I 1 TR R AR Y
8971 Ve i BE A A BE N A PBL BT Uy % #2F 4R
il

v.="kq, 4

AXn A9 P B B A PBL IS EG Q. h
PBL B J7 3% B - iR BR 7 48 77

t =0 (D), (3) B 3 A 45, PBL i 2 Al $2 41t 14 59
TR 1, R

_egV
b nQ, %)

B PBL & i I 2 80— B . 57 0 R A%
BAKE [, 5 PBL 8§ Jy & = A PR K 28 ) Q. iR
B, HHT 4% oG 245 PBL % #7192
Tt T A AR PBL 3% #2040 0 4 i ik
AT ZMMIRERR T Q MmaRm s, &K
SCH# A Leonhardt S5 42 H 9 A X

Q.=1.79d° f. (6)
Are fo MIREE L T RPUE R .

RIS 2 5 h ik iy il F ) B =0, 76. D=

0.3 m, f.=0.46 MPa, H§ 3 (3) 7] 15

=V _ V.
“ ADf. 726

s PBL NG, B e=0.1 m,n=4,
d=0.03 m, f.=55 MPa, 1z (5), (6) Jt 7. 0] 15

| = eV V
* 1.79nd” f. 4663

B2, /l~1/6. 4, B PBL M e . 3P
B YR B P A P R B g o A 13 K R U R i
B PBL SRR 1/6. Rtk & PBL inshih
AE % 38 5 419 A5 A TR 6 - P TR) A 28 A St i A
BE 5 107 2% 22 A VTR - 4 e 9T g A B g L T
W] A3 1Y 2 IR

4 £ &

ARSCHRR T PBL i BYAR JE AR TR BE X
— BT T AN TR R A 1 L ] A RO A TR B A
P F7 o R RE B R A MY AR T Y R AR A
R il AT 3 06 L & B0 PBL i 20 J £ 45 56 0% 49
X T BB P 2 i P A 2 o 2B X e e L S
B A 1 ) A 5 L 1 PBL £ W ) o il
B HEE T 14% ~28% , WL AL X 4y
Hr < 8L, PBL Jin 0 [l %ok 49 A TR 06 4 B i 0 o 2 1
AE WAL T 3 8] 0 R 45 B8 458 A0 o L i X B iy




S

% 4

# X KAk, 5 . PBL A3 A 46 4R % s L 0h A AR 17

B 77 5 S A 13 A JEE AU R B L PBL i 2 R 245 19

1/6,

AT UL PBL i £ i % AT 94 TR BE L 89 4

TAEVERE S THROCR 35 . W] 238 19 552 1 RS i
0y 3 A B B RS N R AN R A A TR e L TR AR R
T A R B

S & k-

References:

(1]

[2]

[3]

(4]

(5]

PR AR B TR £ A M LML b a0 1 e K 2E AL
2003.

ZHONG Shan-tong. Structure of Concrete-filled Steel
Tube[ M]. Beijing : Tsinghua University Press,2003.
MR . B IR BE L BEBFIM . Jb a0 N RZSE H Rt
2007.

CHEN Bao-chun. Concrete Filled Steel Tubular Arch
Bridges [ M ]. Beijing: China Communications Press,
2007.

AR AR .2 SR B IR BE L IR B - b
WEIELRR [T ). WA B, 2004,24(6) - 54-58.

LIN Chun-jiao, ZHENG Jie-lian, QIN Rong. Reviews
on the Detachment of Concrete Column from Steel
Tube in Concrete-filled Steel Tubular Arch Bridge[ J].
Journal of China &. Foreign Highway,2004,24(6) ;54-
58.

IRMEDG AR AL B8 LR L B0 Al X A 4 =X 9 5 9 g b it
WEZ I e RE R ma L) 1. v B 2 % o7 4l . 2007, 20 (6)
61-66.

XU Ya-guang, YAN Dong-huang, SHAO Xu-dong. In-
fluences of Debonding on Mechanical Behavior of
Trussed Concrete-filled Steel Tubular Arch Bridge[J].
China Journal of Highway and Transport,2007,20(6) ;
61-66.

XK A XA, T L B A R BE B I BT 0T RS 25

L6]

7]

(8]

[9]

BrF e I LI ] )7 W0 R 222 4 A AR B 2R,
2010,35(1) :17-23.

LIU Yong-jian, LIU Jun-ping, CHI Jian-jun. Shear
Bond Behaviors at Interface of Concrete-filled Steel
Tube[ ] ]. Journal of Guangxi University: Nature Sci-
ence Edition,2010,35(1):17-23.

KIEAE .4 T gL R RBE LA S Boay ) i
IR ML B A R R 88 3 [T . w2 % 27 41 20075 20
(1) :85-90.

ZHANG Qing-hua, L1 Qiao, TANG Liang. Fracture
Mechanism and Ultimate Carrying Capacity of Shear
Connectors Applied for Steel-concrete Joint Segment of
Bridge Pylon[ J]. China Journal of Highway and Trans-
port,2007,20(1) :85-90.

JKRIER A L L B R S 4E AR L M Oy
FAp Ak L) ] P g 3858 R 2 2 4, 2005, 40 (5) : 595-
599.

ZHANG Qing-hua, LI Qiao, TANG Liang. Research on
3D FEM Nonlinear Simulation Method for Shear Con-
nectors[ J ]. Journal of Southwest Jiaotong University,
2005,40(5) :595-599.

W E AR (% SO IR, PBL BT ) SR 2R ) 5 e IR
A A KR LT ). B IE B2 5 TR 4, 2007, 4
(6):12-18.

HU Jian-hua, HOU Wen-qi, YE Mei-xin. Study of In-
fluence Factors and Formula for the Bearing Capacity
of PBL Shear Connectors[J]. Journal of Railway Sci-
ence and Engineering,2007,4(6) :12-18.
LEONHARDT E F, ANDRAE W, ANDRAE H P,
et al. Novel, Advantageous Shear Connectors for Com-
posite Steel Structures with High Fatigue Strength[]J].
Concrete and Reinforced Concrete Construction, 1987,

82(12):325-331.



