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Seismic and Recovery Performance of Concrete-
filled Steel Tube Piers with Self-centering Function
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Abstract ; The purpose of this paper is to explore the seismic performance of concrete-filled steel
tube piers with self-centering function under different foundation connection forms and applied
prestressing parameters. While keeping the design parameters such as radius-thickness ratio and
slenderness ratio unchanged, 14 finite element models of concrete-filled steel tube piers with self-
centering function were established by changing the size of the prestress and the connection
method. Elastoplastic analysis is carried out under axial force and horizontal reciprocating load , and
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the maximum bearing capacity , residual displacement, ductility and other properties of the bridge
pier were explored. The results show that,under the condition of the same prestressing force, the
self-centering concrete-filled steel tube piers with hinged connection and semi-rigid connection has
better ductility and smaller residual displacement than that of rigid connection piers, recovering
60% ~80% of residual displacement and the ductility performance is more than 1.5 times that of
the latter. Under the same connection conditions, with the increase of prestress, the maximum
bearing capacity of the self-centering concrete-filled steel tube piers with hinged and semi-rigid
connections gradually increases, the energy consumption coefficient increases, and the recovery
coefficient decreases. Semi-rigid connection can improve the maximum bearing capacity and
ductility of the bridge pier,and effectively reduce the residual displacement of the bridge pier. It is

a connection form with superior performance.
Key words: self-centering; concrete-filled
performance
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Fig.1 Schematic diagram of bridge pier connection

MR 10 m, 2242 1.1 m, RS
32 mm, BB FIH AN 40% , KA A K
0.33,f2JE L R, 2 0.087, Fit JH RO 5,
40 mm,, B S MIPE A BT I
fitli b, BC AN 7 FH R FEBE , LA R 1. 19% .
WU S IROLAS &, RS IROKV 2R H,

H.K
_ y
Y7 3EI (1)
G\ 1
H = _ _sup
y_(”y A)Rh' (2)

Ao, B IR SR BT E R 9T 1 A
TR NN T AR A A9 A8 AT T AR
h B EEOR S 1 ANAE O RERE G,
A i B E A e far 2, 0. 15 A5 AN A
FE e i

H E AT D KR8 H, FIF
SO BT 1 MUK A28 6, M
(Gyp +G, +Pp)R

H_ = b

(3)

H.K

¢ = 3CEI. (4)

K G, Wi Py TN ) AN LR W)
LT STV

AR UERS S B R B ) R R

WS SR 17 )it IR i8R e

My, N

myy n’ ®

N, =

N, =0.9nu(nP —1.25Y N,) . (6)

N, IR T 32 4 7y, R IR F B
HPERIEE 55 N, O BB BT 32 85 75 N R Bl ]
J15P BT T M K n IR
23T 96 T M42,8. 8 JLiE e Ik
P 1 A 3 2R 96 IR AR
k5 AR TR, g S/ INFI W 3 2 B B
TR BE , 2 SCTRUR g Eb oA BT e Jon 98 7 7 7=
A AR BEE 1 0 ) 5 TR O T 5 B 1R
EHAUE (o = 0 /f.y) 2 SCRIEE LY Ry 5 S5 R
JE SUEAR G B HAE (B = k/k, ), Sk B %
QIO R AR e R Gl S DAVARSEi |
LB BE Y LA (= £/ )

2 AT

2.1 RBIMAE R 5 R 0 i

REALR AR BRLIT FE T B IT I
A TTIR A BB 7 2 N A 0 R 4
ESRRREIT, MR ST, N TR B
R G R F SR B TT TN ) L4 R
R FAMTAR AT, 4 s 53 AT s ] 2 52
i 3 ARG B 400 T, X BURS AR B 4 3 7
G3 PR AN A BE A HEAT TN A, KB
0.2 ARSI BE L TN B R A TR
it fin— s il 7, 18 e R o 0. 15, SR 5 it
INAESE 35 N 7K A7 B8, BRI N i85 78 Sy



78 WHHERKRFEEM AR ZR) CRNEES
— AR RO o, , Bt KA FE Ky 56, Pl A ] - an 18] 2 Bzas
BRI G5 S BARSE IR 1 R, BAIZEH
F1 BAIZSH
Table 1 Model parameter

KRGS @ ML TR/ mm? B n H/KN & /mm  H/KN  §./mm
J-085-000 Btk 0. 085 5130 — 0.75 3117.6 39.8 1945. 1 24.8
J-171-000 Bt 0.171 10 260 — 0.75 3117.6 39.8 2 700. 3 34.5
J-256-000 BT 0.256 14 820 — 0.75 3117.6 39.8 3455.5 44.1
B-085-001  BRITEZERE  0.085 5130 0.01 0.75 3117.6 39.8 1945. 1 24.8
B-085-005 BNIMEZER:  0.085 5130 0.05 0.75 3117.6 39.8 1945. 1 24.8
B-085-010 [NIPEIEH:  0.085 5130 0.10 0.75 3117.6 39.8 1945.1 24.8
B-085020 NItE#EHE  0.085 5130 0.20 0.75 3117.6 39. 8 1945.1 24.8
B-128-005  ENIMEZERE 0. 128 7 410 0.05 0.75 3117.6 39.8 2322.7 29.6
B-171-005 ERIEZERE  0.171 10 260 0.05 0.75 3117.6 39.8 2700. 3 34.5
B-213-005 ERIMEZERE  0.213 12 540 0.05 0.75 3117.6 39.8 3077.9 39.3
B-256-005 ENIMEZERE  0.256 14 820 0.05 0.75 3117.6 39.8 3455.5 44.1
B-298-005 LRIMEiERE:  0.298 17 670 0.05 0.75 3117.6 39.8 3833.1 48.9
j-085-000 B 0. 085 7 410 — 0.50 3117.6 39.8 1945. 1 24.8
G-085-000  MITEZEHE  0.085 5130 — 0.75 3117.6 39.8 — —
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Fig.2 Model structure and meshing

2.2 #EZERBEEAR

PRI ) T A fh ey A P BE SR B 1Y
FEfioh TRE IR -5 K B B Sl A S
G EMAR, —FHBRKH T Contact
B WK 1) SR R fte, ) 1 R JH B 84 ik,
JEEAE Z BT 0. 4, RFFON 7 LR 5 A0 L Ao
B TREE 17 R F Coupling 3% 32 31 B i

TSR T IR 200 T UL JE Bh 45 T
3 2o oA YR Y N VRN 7, AR AR Y B Y
OB S B IREE L RUR G, B
MBS R 5 7R & =22 ) B 422 file, 2 W
P T AR ORI B35 BT BN A G S 7K
&, FHDABLADL S S 0 e (9 7% 1 | WP O
IR SR A e,
2.3 WEAMXRIEZE

HEETR By 0 A A KA 3 FH ST 2R 6 ) — g AR
AN 2 SEALEAR RN B S IR i | B
PERLEE SRS L 43 1) 4 315 MPa 206 GPa
0.3, i IR e E AR R 1Y 1/100, TR
&+ R R EE LS PER B (CDP) | R Bk
FART N €50, #E LR K A AN DO 250 A
30°H10. 1,f,/fo =1. 16,k =0. 666 7, Btk
#040.000 5, 1REE Bt S (IR EE 454
PEIHTEY (GB 50010—2010) FI35 453 A T de
HEAT IR, AL LR  BRa BE PE R A YA
P b B B2 Bk & B4 S 1 860 MPa,
195 GPa 0.3 F1 1.2 x10 7",



CAR Ul

b QA HAT A D RE A AR B L B RR MR A REBIE 5T

79

2.4 IERBVHRME

Sk B8 VIE S TR (14 A7 50T R AR T vk A B
P, 256 5% SCHR[ 18 ] HR O TN 7 5 B
U PR A A TR B ARG AT T BB,
SCHR AR ELE 2 000 mm, 2F 4% 150 mm , P
FIRGE L R EE +FR5 Rk C40, W94 R H
Q235 FMF , BEJEE 12 mm , T 7 50 5 s ak

60

-120 0 40 80
6/mm

(a)7 LB ¥ [E1 4200 L
3

120

71350 kN, AR H T 5% 500 Fl S AR BT
TRA B 72X, A48 25 1L Al i [l il £ AT
FURZS XS He &l 3 i, RIS MU 5 K
JEETF T MBI B 105, 9 LRI S SR
IR A BR 7 28 1 FRE BE BE 7 5 SRkt
W25 W) A A, B0 E T A BROGIE R A A5
Rk,

(VBT ARTS

BAUAE R -5 SOk X L
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