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[ Abstract] In order to study the mechanical properties of the column foot joint of a self-resetting cylindrical pier, the mechanical
mechanism of self-resetting cylindrical pier column foot joint with circular section was analyzed theoretically. The calculation formula of
key points of the whole force and displacement hysteresis curve of the pier was derived, including yield point, failure point, etc. The
theoretical analysis model of the relationship between pier jacking force and displacement was established. Based on OpenSees
platform, fiber hinge model was used to model the section of pillar foot of self-resetting energy-consuming pier. Combined with pseudo-
static test results, the feasibility and accuracy of the fiber hinge model were verified. On this basis, a self-resetting cylindrical pier was
set up by fiber hinge model, and the key point of the deduced force-displacement hysteresis curve was compared with the skeleton curve
of the simulated cylindrical pier to verify the accuracy of the deduced method. The results show that the derivation method can obtain
the pressure relief point, yield point and failure point of self-resetting cylindrical pier, which can provide reference for the research of
self-resetting pier with circular section in the future.

[ Keywords ] seismic behavior; computing method; aseismic of bridge; self-resetting energy-consuming pier; safety and

stability ; OpenSees
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Fig. 1 Schematic diagram of pier section calculation

2 HEEMEN-MLEXREBRSWN
=2

2.1 HHBEN-IBXRMEE

SEGIGRT RANTR, WS A 2 AL BT 80T
VI B TP E A BB SR ik Ak, Y RROG X
FEALE TR, PR b 3 AT XA S0 ¥4 fih 1
1A REHEATRIT ST

¥ F5 M HE - www. stae. com. cn



2025,25(12)

SN A - S AL B AEAT SO BT 1 B e RS BT 5 5121

PRBUR L i i R IH S s 89 01, 59
A b EEAE R Bl g A 1 i T 2 ) 7 A T R A
X i 1 52 75 7R 3 1A — 5 BRI, 25 R U el A 4%
b TED AR R B AR B R AR A L
PRI DA PO IR 7N AU S VAN Ay 01787 N4
AEIERIVERT PRt , 38 G F AT B350 ¥ 422 fih 1 25
FARAL, T RIS A B AR TT- LR S 2R TEAG 3R fif
BAEHIS 2R B AR - A G & T i 18] 2 s
XK UUTEIRIE i 2 id

JIKN

2 =2

5 fi#/mm

K2 DRk & &
Fig. 2 Column jacking force-displacement relationship

diagram

W 2 Frs , 1E Oz By - far 23 m e 1 a5
IF, 3 AT -3 1 7 R O, b I R B fioh 1 A PH 25
FE R M, NS AR E R F, . R R
Ffr BEIGIN, Be f f gk IE, oh RV R B, B2 m A2 R
DX R TR R AP L 2 TR A, 42k i ) B Lk oA
i, N 2 sk FE e S A e A , 42 fi 1 3k )
JeE FROR 785, S i 232 i 7R L 25 R Ay e AR S M, X i
TP R RE F, o WG, B fif 24k 823, 7
Ui KA BE IR FEAN AR B 8 LT, far 2 n 2 4
S FEREEN AR, 25 R J R B Ty, R B IRR
A, BB A S fh e 7 P S R M A RS M, X6 i
NPIBRREN F,, BRRLETE3 s HIZ, FERE
FAE 1 /) | G i 7K A7 1 A R AIG fey 28080/
B 5 S, FERBAN A 32 A, 05 Ak 25 1 2 e
R RE S EARGEEAAL, HE S 6, HE il 220 5 )i
BRE T, N ad R S I RN A, )
I,
2.2 HERE

PR SO 0 A 28 22 T, W 0NG4T
RS, W IS A URC B 22 1 35N 7 A B ) 1R g
FIVA KA A By, OIS, AR U 8 0 AR d5e KRy

oy, MRS TR RN
R
[ 2/R =y, %dy - p, (1)
R

R p—
| 2R =y, %(R “y)dy = Px (2)
-R

U R TBAE AT A% 5 Py ok 48T G N A B T 5
oo BT IR ) A 5 v DA 00 0 422 i T 114 5
DAY SR ACRS = i) ER

BRAEF(1) 53 (2) 7l A5 g s A S80I 30 422 k1

0 AR S FESR RS

Fo it 2 A A T 422 A T 114 2 o ) 191 R g % 4
TN, OB AR i AR A2 A5 AR TS RS M, T
FRAR AT 5 R4 Ah T 55U i B, 46K I 4% o 2 A8 TR 7
PIAR /N, DR T g A 1 A8 3 1 0] DL Z2 AN T, 2
WS FE RE A A3 1 g U0 AT DA Ay 2 fh 1 TR 6 4 P 7 )
=M Ar A, K 3 R,

TINERIS | X6 2 i T 32 1 A g a5 B A ] A

M(:r = (W + Asio-st) (¥ - Hst)+ AI)‘O-W 5

FRED

F,=A0, +A0, +W (4)
o WU H 55 B 35 A, UG 1 5
A HFERERN I AL AR ; o R FERE AN N T 5 W oM
BLH 5 & H, O FE B BN B A b i &%
EE%‘O

72 R A ik TR A K T, RE R A 3G 0 R
7 R PN 3 R NS AR AN AT L2 A AR o) =
oy RTINS, o = 0, 55(3) ATy

N 3R
Mcr = Apto-p() (H - 7)

rod (5)
M, = —A})lapo(% - Hm)
w
)
R \/
)
R |
Ao, Ap(n-pl
— R
—— WS

WA B E i s A, I REREAN AR AR s o, DG RE A 37
J15A, TS A o SIS U ST 5 F DRI
TSR Ak I 2 A 0
K3 RS SRR
ig. 3 Schematic diagram of bending moment calculation in

depressurized state

¥ Mk . www. stae. com. cn



B R 5 TR

5122

Science Technology and Engineering

2025,25(12)

RS o RAWIA TS I35 H,, o B 5 80
PLEKHEES s M, 55 M, 5o B M 1 2 07
R % A, e [0 2 |t btk s T
FRASRATRC, BRAA A 1 P 20 70 0, B
RRTETE T 6 U AP BB 22,

W1 77

Mcr

F, = 7
R (6) L BRI
2.3 ERRE

BEATET S350 PR | A 4 5 R A L
oo SR PR 5 TS (1 4) SR )
S, TR T 0 2 L T A 96,
SR LSRR 2R P S KRS

TMARAS T AR 7 B0 L ) F T
R

(6)

Fc = Asla-st + Apla-pl + W (7)
T T2 P 5 T e (8) .
R = ay = (8)

R o 1 2 s DX 7 JBE, W) 32 e IX 45 T i o
%A (9) KA,

H,-R
L] R =P Ry = P, (9)

% \A‘/Ir

’ “‘ Vl:fmﬁi
R ‘ °

: 1.

c
Hg, ‘
|

¢ v

Ao, Ao
st st pt~ pt

FEREANY
— BN f5

MR RS T 5 s 2 IR XA 1 5 A

K4 JE RS2SR R R
Fig. 4 Calculation diagram of bending moment at yield point
/);//%L
o S, — RN A
=l - FRAE R ) 53 A
I — REN A
K5 I A2 R XN ) o3 P

Fig. 5 Stress distribution in the compression

zone of the section

ML www

XA IR BE - 52 T & ) i U2 R P Ui Al
AR AN
M, =A,0,(2R -H,,, -H,) +
(Ao, +W)(R-H,,) (10)
A f, IREE LR H N Z TR X R B H,
NZIEX AT R,
U] JeE IR RS T I 7K~ A

(11)

2452 s DX s 7 7 e o A N BT 52 s XN
I AR R 32 DX B D 21, JE RR S
A2 1T DX AR A AR R RS A L S IR 25 32 T
Dig BE 2>k — PR, A T H, ~2H,, R EIX
IO 3 A SR o3, e R IO 3 PR 14 s JBE BB -
B P 5 A BE 19 0. 9 A, PRIt P AT Al

iy, H
1J§j‘7@o

SRR ) S W A, =Tl g

W E CRFEREN A SR A B 1 AN A TR B
AR R B [, 5 s E K T R
Lo=ly+1,, ol =0.022f d,,d, NFEREMI E
7o 6 R RRIEIEL,

S 42 o v e IR, A R

=

0, = AH (12)
2R-Hi=47g
M BN Y5 75 5557 7 728y
e -
", 0. (13)

o, =0, teE, Epl
A (13) w2l WO ) i B TC R B B 5 &, R TR
TR E RTINS A

RN VPR RS R e € DY A e

6 9 Jet BRARZS T B AT S0V T8 2 fk 7 7 1)
Ko 1xizIBlEl

Fig. 6 Deformation diagram of connection

. stae. com. cn



2025,25(12)

SN A - S AL B AEAT SO BT 1 B e RS BT 5 5123

[ IEAR/IN, T3 ShTON ) i ) R R BE R [ 8k,
PRI T I S it IROIR S T BRI AR Ae, =0, Uitk
s 97 3 3 1 R BCHA G TN T

JiE IRARZS R B SO 9 5% fR A/, AR (A
AR B R BETLTE ) (JTG/T 2231-01—2020) [
H 5 T A RS S 1 A i R o SRR R RS T
N

b < 2. 211)3851 (14

D PERHR TG % th T2 B 5 R BN A,
A (15) 5

a =%t (15)
MBI E B7 A 9584
A=0L+A (16)

2.4 MHERRE

R e R 4 52 m 2 i, 2 3 A A5 e AR 0L
TIYER G, HL TN 7 i 73K L R R 1%, 42
il T A2 e DX R T AR A 8 /0N (B i A 2 fl 1 2 £ 1Y
HATR, T G H AR B 2 TR B A Y5 R 2 ik v 32
JEX S RGNS L TF, ERIFEA AT DM, 4549 1k 3
W BRAZ PR BEisE, ATIACHh 32 e X AR 3 2 TR B 1
SEFTE R RKB T,

FEAh A A2 R X = BE L R AR

Hey-R
ff 2/R - y’dy = F, (17)
-R

S(17) 10, A RO A RS 2R
B P RS T RT3,
BRI DA ) A0 H 58245
p TR (R ey = R, (8)
BT R 55
Mu = Asla-yu<2R - Hjoin - Hsl) +
(Apta-pl + W) (R - Hjoin) (19)
St o, RHERE TR LR 1 of, 29 HEOF 1

.

U RS B K

Roelp (20)

e TR A 50245

0, = Suls (21)
Eq(ZR My )
’ 0.9 *

FEBERAS BTG R RS 1T 438 (22) 148
oL’ L,

A= -e0(L-) @)

(22) P b, BRI B9 I = b, A

T ENA
W4 Seismic Design Criteria'""’ ,L, RN

L, =0.08L +0.022d,f, (23)
o, BITEAZN

SPU
¢, = 0 (24)

K24) W, e, MG PR AE B0, 004,

B TEBIRRZS , T A B4 B 2 b TR B 7R
HHZ X &R, BB 2 ks it —
2RI R,

Jie P i, AR IR 22 ) SR P B 43 42
2.5 EHEFRE

VRN, 224 2 ok 1T A 5 B FIROCIR 2 15, &5 44 7K
LRe S He R AR [, M H fh i iE AR RS R b
FZ PR B FERE AN A8 S 52 1, 122 ik T 7K S g
KR REAR , T2 FE 58 4N 37 32 e i A, 22 o 1 25 56
THRUE,

HIE R AR P SRR LA T Rl R
A

F. = -Ao, +Ao, +W (25)
IS 4 T 52 1 DX 32y
£ 2R =Py = F, (26)

527 XA g s B H 2 (27) kA
H.-R

f;:j 2VR2_y2(R+y)dy =Fch0in (27)
-R

HEIES R U s kP TRy S
M, = -A,0 (R + H,, -H,) +
(Ao, + W) (R - H,,) (28)
MRS T B A K T7 R
Mu
F, =7 (29)

3 BEMHEBEREEZE

TE1 5 PERE b, B B ALHH O s R AR LS e
S PENT U ST e S Ab , 70 fr 800 I A i 52 1Y
T R T R A0 E AR M ARTE i LA A
T T B R R B ER AU R AL Y T

T OpenSees A R 7o H 1 2 K B2 8 1 .0 5 |
A—FhEF YRR S [ & A AT B A i
F AL S AR

TEFENT 1 B S AT BB 53 BT R B IR 4y
SEE TR U e SE AL P AR 43, B BIOECE R
FELRAELT AE AT BT, e BE A0 R H] 47 4 A
RURBAUNHL A AL N, b, SR 32 1Y )
i 28 LA v B i 8 J7 2 I T B, BREOAS B R
ZWEATE

¥ F5 M HE - www. stae. com. cn



B AR
5124

Science Technology and Engineering

5 TR
2025,25(12)

3.1 MRAEXE

TREE T ANHE SR FH ConcreteO1 B4 B | HAKY
KRWE T PR,

GNA7 FERBIN T LA S TN ) i 3 R F Steel02 1
HAT RV, AR O R ANE 8 7N iz R A A 5
ZIEHET Giuffre-Mengotto-Pinto AU % J@ 1>k, 7]
DV M A ADLEN 357 110 25 208 S 0, L Hh 10 79 75
FE SRR T o

Iy}

A

T

€ &
© ou

RidE

S RREE - PURRR AL  f, IR EE LA PR SRE se, hy
TREE L RN AR ; &, A TRBE - A B Ao PR g A8
&7 Concrete0l FERIAK IE ZR

Fig. 7 Concrete0l model constitutive relation

V]

f /415

1

0}

E Jo SRR BRI RL  E A A IR 5 f, 45
AR O RSB 2 5 0, o 0 A0 e I o 25
&l 8 Steel02 AR IUAS 45 2

Fig. 8 Constitutive relation of Steel02 model

3.2 HUHRER

BT OpenSees A BROCH M AT BUEBLU 0 Hr
I, A BB RSE AL iR T A AR rp SR P BOAE T A
Z IR T AR rp Y R R R e i A e 4
AU A AT BT SR 0 S A UL TN 7 5 2R
PEEHIRE RE B A SR AR R U SR I T 5 v, £
SRR JE T AR IR AR AR A K O 1) B R
T SR B TR IR BE 1 B TT & N, AR5
SEAIPERT B TR T B TR 1) i T AT A
9 2T A S 7 A S I 5 5 B AR 2 Mk 2T 5 By
JERAL, 189 Ty I B A A YRR R R T

LA BT B A IO BT ARG I —

R
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
imimtesiid o EEALHING
o HWRAMK
(o 4R
B4 WL

B9 AENHESA SRR R
Fig. 9 Schematic diagram of fiber hinge model of

self-resetting pier
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Table 1 Section compression zone height calculation

a 0.1 0.2 0.3 0.4

0.6 0.7 0.8 0.9 1.0

F./kN 129. 4 358.8 640.6 968.0

1329.1

1713.9 2152.1 2539.2 2970.1 3399.2
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Fig. 11  Comparison of skeleton curves between simulation

results and calculated results
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