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Seismic response analysis of precast pier with different connection structures
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Abstract ;: To study whether the connection of precast piers can form a reliable force transmission mechanism and its
seismic performance, based on a set of quasi-static tests of precast piers, we established finite element models of
the test piers by ABAQUS and verified the effectiveness through test results. Then, the seismic dynamic responses
of cast-in-place pier, precast pier with grouted corrugated duct connection, and precast pier with tenon-grouted
corrugated duct connection were analyzed. Finally, the influence of axial compression ratio and reinforcement ratio
on the seismic dynamic response of the precast pier with tenon structure was further studied. Results show that the
dynamic responses of precast pier and cast-in-place pier were basically the same under the same structural form and
seismic load. The displacement response, residual displacement, and plastic damage of precast pier with tenon were
smaller than those with plane joint, and the seismic performance of precast pier with tenon was improved. Through
parameter analysis, it was found that with the increase in the axial compression ratio, the displacement response
and plastic damage of the pier were larger, and the shear response and seismic energy consumption were greater.
With increasing longitudinal reinforcement ratio, the displacement response and plastic damage of the pier
decreased, and the shear response increased, while the influence on the seismic energy dissipation was not
significant in the range of 1% to 2%.
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Fig.2 Schematic diagram of test loading device

TR AL B /mm

!
oo
T

L
o
T

0 20 40 60 80
JIIE:RV&d
3 KT mMEHE

Fig.3 Horizontal displacement loading system

2 PRGN IR G AR AR A 30l

2.1 BERELENER

H A, %V 0K 4 U SO SO 2 ) 1 1Y) Tl
DRI, AN [R) 27 2 % FLAE B 4 a8 1 B 400 7 1k s
B2, SCHRT 107 70 W 30 A0 42 G 8 2 I
MORREIC T 5 IR EE + 2 A R SRR HEA T 4L,
BEAPL SR 25 R Wy & 84T B I AR TR 44
BTy o SCHR [ 11 ] SR 1A R Ak B R 45 Ak B 1) 3
PERIBRIRE 5 7K & Z [ D 2K U2 B 4
LA S5 A 500 A — B, H IR A AR LR
SR E

BIORAHESL 57K & Z [HEAE R A S mm JEAPIK
R AR SCESE SCHR [ 10 ] 5 3CHR [ 11 ] BFSE A R,
K ABAQUS B {4 v i) S /A& B 55 ( C3D8R ) ifF 745
P, BT RD IR A AR ISR I, SR AR
SPPERRY AT DL g b 2 W42 8 A A 32 T IR AR TE
WE 4 s, MR G SR E | (A 32 KR o
A Z W o, HARIBIRISCESHL, E IUE N

E./ 100, o, #1 o, 55 BUE R o /4 0 /4, Hf E,
Fr e R EE SR R o, BT o, 209 AR
6 s By TREE - A A7 R A 2 R

N 77

[2 2N — T

4 IR R AR
Fig.4  Constitutive model of mortar cushion

2.2 BRTEERE

U] D P O BROTASE R B A7 G 7R 5 IR DT
SR — B, BRI TR B L 25 R AL,
TRBE RS2 BT (C3D8R) |, 4N A SR FMT AR 8ot
(T3D2) . IR&E % B 5 580 ) >k ] Mander
$ 0 SRR B H AR 2 B A X A% O X TR
U SR R Y B e, PR AP Z R B B ) - AR S AR
ARG R EE LA RE ) ™ BUE WA R
FHEEAR S VAR | 409 731y o8 AL B W BE B E /100,
HE, A e il TR R ok R U A
TESCRL Z 18] WA W A%, B3 55 D S0 mT 70 53 e o 4
A (Embeded) F14 %€ 295 ( Tie) o XML, R A
T UG e A S O FROTAREU )y 5 S i PR-B
5 PR-S HHECA FROTEALANIE 5.6 FR

s
e

BRI
Y1 Y7

=

s

E5 PR-BHHEHRTER
Fig.5 Finite element model of PR-B bridge pier

ke
e
HELAD A 2

ZNCEY

WS

i —

Bl 6 PR-S HHFHRTEE
Fig.6  Finite element model of PR-S bridge pier



.58 - IR

®OL Ok K

A,

L
&S

C %54 4%

2.3 BRTEBEEIE

AT AT A [0 £ B AR i e
AE 3 N7 PR BROCAEA 5 50 45 R A X L, LSS
UESRHIAS SO A BROC B ek A 21 o

3 BRI KA FROCA AU [0l fh 2 &l 7 fr
7 AR [ 2 R T (] 3R RN R AR B
LRSI AT, i TR EE 1 52 5 152 Ak B
P18 O TR A A o if AL, 2 SRR 45 SR A A PR A

T AN IR LB R, AR A FROCE R RE S
PO LS M AU B AR R S 0 28T ) - 1o
P o 28 Jits M FEREAT M o

K 8 S B B 5 A BROTAE - S 42, IR
Fa] AR A BRGSO 2R e i s D
A R AT K 3 AN B BEAY K T R 3 25
SRR BN R

150 ¢ 150 ¢ 150
100 + 100 + 100 |
50 50 | so b
g 5 g
& ot & ot K of
E E E
=50 ¢ =50 -50 +
-100 =100 ~100 +
-150 J —-150 i i " L ) -150 ]
-20 -10 0 10 20
fi#/mm {7 F/mm v F%/mm
(a) RC #rlt (b)PR-B Hil# (¢)PR-S %
B 7 R KRR ST O i 2k
Fig.7 Hysteretic curve of pier test and finite element simulation
g " g T
gt i) it
p . 100 p
1007 ik 00 i — R
i 50 E 50 i 50
0 g 0 f§ 0
= =50 =50 =50
-100 -100 -100
=150 =150 ) -150 )
-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20
137 F%/mm {7 F%/mm 17 F%/mm
(a)RC HL (b)PR-B Hi#l (¢)PR-S 11

8 BRI SARTEREL

Fig.8 Skeleton curve of pier test and finite element simulation
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Fig.9 Comparison of hysteretic energy consumption between test and finite element simulation
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Fig.13  Equivalent plastic strain of concrete for piers with different connection structures under same seismic wave
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