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Experimental Study on Seismic Performance of
Precast Double Column Piers

LI Hang' ,LIU Duo* ,XIONG Yinggian' ,ZHANG Jiandong'”

(1. College of Civil Engineering,Nanjing Tech University , Nanjing,,China,211816 ;2. The State Key Laboratory on
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Abstract; In order to provide reference for seismic design and engineering application of the
precast double column pier, the seismic performance of this type of pier was studied. Tests of cast-
in-place double column pier and precast double column pier models under cyclic load were carried
out. Through experiments, the crack development and failure mode of piers during loading were
observed, and the force-displacement curve, residual displacement, stiffness, cumulative energy
consumption and ductility were compared. The results show that the joints of the grouting sleeve at
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the bottom of the precast double column pier are obviously open,and the cracks at the bottom of
the cast-in-place pier are more uniform than that at the bottom of the cast-in-place pier. The
hysteretic curves of precast double column pier and cast-in-place double column pier are full and
have good energy absorption capacity. The peak force and ultimate displacement of precast double
column pier are 91. 61% and 88. 43% of that of cast-in-place pier respectively. The overall energy
consumption performance of precast double column pier is slightly weaker than that of cast-in-
place pier. Compared with cast-in-place double column pier,the difference of seismic performance
index of precast double column pier is not significant, for which is within 10% . Precast double
column pier has good integrity and seismic performance.

Key words : precast double column pier; seismic performance; cyclic load; hysteresis curve; peak
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Fig. 2 The reinforcement drawing of precast pier specimen
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Fig. 6 The force-displacement curve of pier and corresponding skeleton curve



53 4] 2 A TR DFRIR BE - XU U RR M AR I 497

R VLA 8 - A% I Z IR A
Table 1 Characteristic points of force-displacement curve of piers
0 5 et A HRRATEL e FRAEIAR
WG il GEME B
UES F,/kKN A,/mm Fo./kN  A,_/mm F,/kN A mm R Hop
T 441.8 16.5 535.1 50.1 454.8 68.0 4.1
PR 471.1 19.9 584.1 59.5 496.5 76.9 3.9

TE L Fy  F oy Fy 2300 0 S o8 IR AT 4 B RT3 AR BR BB IR I T 35 AL A A 20 50 D AT B9 S RS2 %, i A 28 f

08, B BRI (S
2.3 FEEetE

ML FEREPERE VT th B8 T Y
Pl a1 RE BB AN SR B [URERBUEA T VAN . T1OR
TR far 8 Wl [l A 1 AR, A5 203 07 B8 7K
THAERETE L, B 7 (a) Jy P A0 30 5 SO 317
BAREFEREXS L, H B AT AR A 2
H P R OB B SRR FE B 25 BE I
55, EMNZRALEE N 50 mm B T XOR:0GA
SR 7 2, BRI 0™ o, SRR FE e
REFF IR IR TGt (4, B SeFERERE IR 2 |

P 7 (b)) Sk 15 1 1B 8 WUAE: B8 2R R [l
FEREXT LL , SRR 11 #E BE hy 45 Ha) DA I 3 Jon 2%
R BEIRTRE R RE =, ROV 1] 2R 40 Rl A4 1
FRZH, ], =3 i R RFERELE 4
Bt B 22 AR/, B A, g5 Fg Ak T
M B BRI SO 0 B B, A B FE RE AR
INHIEW2E . BT TR R T I R
AR, 2R B R BE i LL B e
BB B> T 28. 8%

125 - 500 -
- —o— F I AR —o— FRHIRUAE Y
Z@ 100 —a— 31y XL 3 400 —a— PYEXUAERL
«:g: 75 \E/ 300 F
2 &
E 50 200 |
: :
s 25 100

0 20 40 60 80 0 20 40 60 80

i /mm i/ mm
(a) LB M I FE AR (b) RBUH EIFERE

7 BUEECREREEE

Fig.7 The energy dissipation characteristics of pier

2.4 REMB
PR U ORI 2% i OBURE B Y R A 62 7%

S HAS BT 8 B . P T, Bk 60p
A BB B T 28 1 380 07 A R A T X 51, sor T .
AR ZEA8% 40 mm Z i, B0 DU B 1Y g
5 A (S R/ T I35 R G 4 {22 3 3 %30
AT LAZM AR, AR Z70 mm b, F i 20
T B A, A B30 0 P 30 B R 10

AR LB, P B A0 B8 15 3] B
F B SUE A, BeE , PR AR Y
BT C B, G50 HE AR T BT B, 3R A
(VAR RN e # S R

KT 34. 6% , LI BEEGR R 5 4
NiFEHT 8.6% .

0 20 20 60 80
fi & /mm
B8 XUHHIER AR R

Fig. 8 The comparison of residual

displacement of pier



498 WHERKESMARBFR)

%39 %

2.5 EHRE

PR XU BRI 5 1) U 0 5 30k W ot 2
MR ARAL T R U P 9 FiroR, A R AT %, FUdk
WURE BB 40 2 I 55 B 08 BT AU AH 45, 5L —
B IR B ey 2 T BRI RE 43391 Ry 26. 7 N
23.7 ,M125 12.7% , FEH THEHAEIRTER
FAFTESR = TR B SR, T00 i LA 15
Jei IR S5 W EE L B 5 N (B /N T
15. 4% , 3%t 5 H A g6 1 72 b A 83405 4 KA
¥ o ELTRUHIDSURE S A5 A 1) R o R i 2%
BB, ¢ BH HC Il i 107 G i 4 A
LB e iR

60
~so0f —o— B AU
T —o— BLRERUHE AL
E40f
Zz
g5l
B
= L
= 20
¥ 10 -

0 2.0 6.0 8.0

40
AL /mm
9 NI AL X L

Fig. 9 The comparison of equivalent stiffness of pier
:l: N
3 45 1

(1) BLEERUE 3 A 485 L 3 i DU 33
T4 AR A IRAR A M 5 Y CFE Jn 28285
SROBST YT 2 P TR OB AR R 9 B0 R
FEEE RT3 ) U BIORN B 1% XUH: BIAY JEe
TREE £ R B E 43 51k 300 mm ZE £ il
200 mmZE AT, A& BB TS FTAS K

(2) BR5E WU HIORN T ) RO 384 1 i [l
LRIRCMIL , A RAFIFERERE ) (H I DE
U [ phl AT L 00 ol S50 e [ bl 2 ik
TR0l , H AR ZRAE ) AZEPERS O T I X b
TR PE R SR ARFEBERE 1, T XU B
FEIFERE PR RE S5 BLDE 22 BE AN K, (H A SR i 22
FHFERE LU L R R BRI T 28. 8%

(3) T XU B3RN0 18 AR 354 8] 1) b 7%
PEREFE PR 22 FITE 10% oAy, =W —E it

FEPEREBCAT W]\ 22 57 U DURE S 7 K D (i
MR BIBR AR R /N T BRGE E, Ind 4
I, HC Bk A 3 B 45 IR g 1 R R AL B8
8. 6% ; Tl UL A% 45 A0 M B2 3R fh 3 AR f 2
FEBRBE R, 5 AR sk R S RS R AT O
FATUG NI 5 G A AN 25 (HE A7
Al A T A ) JiE AR DO E L B e e T
12.7%

(1] TGRSR, 2%, 8P, P A% 22 i BT 5%
R[], HEA AR ,2018,31(12) ;1 -27.
(XIANG Yigiang, ZHU Sheng,ZHAO Yang.
Research progress of rapid construction bridge
[J]. Chinese journal of highway and transport,
2018,31(12):1-27.)

[2] WACKER J M, HIEBER D G,STANTON J F,
et al. Design of precast concrete piers for rapid
bridge construction in seismic regions [R].
Washington: Washington State Transportation
Center ,2005.

[3] 54, TR, MR 5 BBk R iR

PEREWT ST HE IS AT RE B B & BT[]
T #712#£,2019,3(36) ;1 -23.
(WANG Jingquan, WANG Zhen,GAO Yufeng,
et al. Review on aseismic behavior of precast
piers: new material, new concept, and new
application [ J]. Engineering mechanics,2019,
3(36):1-23.)

[4] skxegR, Bl W, 45 BRI ALY
PRtk IR WrTE [ 1], P8 SR R 2
e ( AARFIIR) ,2013,45(2) ;164 - 170.
(ZHANG Xinghu, WANG Jian, PAN Shubin,
et al. Experimental research on seismic

performance of new fabricated column spliced

by grout sleeves [J]. Journal of Xi’' an
university of architecture & technology ( natural
science edition) ,2013,45(2) :164 -170. )

[5] HABER Z B, SAIIDI M S, SANDERS D H.
Seismic performance of precast columns with
mechanically spliced column-footing
connections [ J]. ACI structural journal,2014,
111(3) :639 - 650.

[ 6] TAZARF M, SAIIDI M S. Seismic design of
bridge columns incorporating mechanical bar
splices in plastic hinge regions [J].
Engineering structures,2016,124 .507 - 520.

(7] 5 ST REIRE (15 0 M 1 1) LA F 2
BRI LR PR RET 5E [ D], AT R Ko,
2019.



o

Ll %

LAE - T DRI BE 1 AU R M R 1 499

[11]

[12]

(LU Gan. Seismic performance of precast piers
connected with both grouted splice sleeve and
grouted central tenon [ D]. Nanjing: Southeast
University,2019. )

WANG Z Q,QU H Y,LI T T, et al. Quasi-
static cyclic tests of precast bridge columns
with different connection details for high
seismic zones [J]. Engineering structures,
2018,158:13 - 27.

L AR BB, 4. Tl S00MPa Hd i 45
TRTHE SR e e ) IR Bk - AT HURE ML RE IS T Y
[J]. #REE 244 ,2016,37(5) :255 - 263.
(LI Rui, ZHENG Yimin, ZHAO Yong, et al.
Experimental research on seismic performance
of precast concrete columns with 500 MPa
reinforcement splicing by grout-filled coupling
sleeves [J]. Journal of building structures,
2016,37(5) :255 -263. )

BT 2B TR S KR S
MG AR IR T[] £
TR ,2016,32(5) ;132 - 138.

(ZHAO Yong,LI Rui, WANG Xiaofeng, et al.
Experimental research on seismic behaviors of
precast concrete columns with large-diameter
and high-yield strength reinforcements splicing
by grout-filled coupling sleeves [J]. China
civil engineering journal,2016,32(5):132 -
138.)

TG, KA AR, S5 BRI R T
PREAHT 09 PR RE LU [J]. [ 5% 2 2 i
( ASRELAAR) ,2018,46(6) 767 - 775.
(WANG Zhigiang, ZHANG Yangbin, JIANG
Shichi, et al. Experimental study of shear
performance of precast segmental bridge piers
with grouted splice sleeve [J]. Journal of
tongji university ( natural science ), 2018, 46
(6):767 -775.)

LIUY Q, ZHOU B B, CAI J G, etal
Experimental study on seismic behavior of
precast concrete column with grouted sleeve
connections considering ratios of longitudinal
reinforcement and stirrups [J]. Bulletin of
earthquake engineering ,2018,16:6077 —6104.
BT, F R A A5 AT ST TR
BE T BB URPERETTE HERE[ 7] HuRE T
P55 TR 5),2013,33(3) :192 - 197.

( GE Jiping, WANG Zhiqiang, LI Jianzhong,
et al. seismic

Recent  development in

performance of prestressed concrete precast

[14]

[15]

[16]

[19]

[20]

segmental double-column piers [ J]. Journal of
earthquake  engineering and
vibration,2013,33(3) :192 - 197. )
BT e VAR, T IR SO R e AR
SR A AR [T ] 2 B eE 41,2018,
31(12):221 -231.

( GE Jiping, XIA Zhanghua, JIANG Heng.
Biaxial

engineering

quasi-static experiment of precast
segmental bridge piers with grouting corrugated
pipe connection [ J]. China journal of highway
and transport,2018,31(12) ;221 -231.)
QUHY, LI T T, WANG Z Q, etal
Investigation and verification on seismic
behavior of precast concrete frame piers used in
real bridge structures: experimental and
numerical study [J]. Engineering structures,
2018,154:1 -9.

e KL B XU 2T B BRI
REMTFE[ D], dbat. Jatsgim Ko, 2019.
(GAO Fei. Research on seismic performance
of single-column and double-column segmental
assembly piers [ D]. Beijing: Beijing Jiaotong
University,2019. )

e KL s P, S IS I R T
TR R 0 10 SR BRI T ]

HRE A B, 2018 ,31(12) 1242 - 249,

( BAO Longsheng, ZHANG Yuanbao, SANG
Zhongwei ,et al. Quasi-static test and numberical
simulation analysis for seismic performance of
fabricated assemble bridge piers base on bellows
connection [J]. Chinese journal of highway and
transport,2018,31(12) :242 -249. )

PANG J B K,EBERHARD M O,STANTON J
F. Large-bar connection for precast bridge
bents in seismic regions [ J]. Journal of bridge
engineering ,2010,15(3) :231 -239.

MASHAL M, PALERMO A, CHEGINI Z.
Quasi-cyclic tests of half-scale fully precast
bridge bents incorporating emulative and post-
tensioned low damage solutions [ C]//Second
european conference on earthquake engineering
and seismology. Istanbul, Turkey: [s.n. ],
20141 - 12.

MASHAL M, PALERMO A.
seismic resistant technology for accelerated

Emulative

bridge construction [J]. Soil dynamics and
earthquake engineering,2019,124:197 -211.
DL XFOL JSCH AL )



