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Abstract: In view of the methods for improving the seismic performance of prefabricated bridge piers, the
advantages and disadvantages, applicability and research methodologies are compared and analyzed from the
aspects of structural stiffness, shear capacity, self-resetting ability, ductile energy dissipation and
construction convenience. First, the research background of the problem is put forward based on the
difficulties in seismic design and the main drawbacks of the seismic behavior of prefabricated piers. Second,
the main measures to enhance the seismic performance of prefabricated piers are summarized and compared
from the aspects of improving structure types and materials, segment connection modes and setting energy
dissipation devices. Then, the relevant research ideas and methodologies of these measures are analyzed.
Based on this, the main issues need to be further studied are put forward, that is to improve the theoretical
analysis method for prefabricated piers, to carry out the research on the seismic behavior of prefabricated
double-column piers, to improve the convenience and economy of prefabricated piers, and to analyze their
seismic performance from the perspective of bridge system.

Key words: bridge engineering; bridge pier; comparative analysis; prefabricated assembly; seismic

performance ; improving method

Wik H 3. 2016 -07 -20

RATH : ERARBEILETH (51508276) ; hELIFRI#IEGTH (2015M570399) 5 o s m A SEAEHB L. 55 2% 4 1% 45 ¥ B 20 H
(30915011329) 5 AR g KA IRBEL S U0 3 IR BE LA B0A W M L PG T H - (CPCSME2014 - 02)

TEH® . sk TFME (1986 -), 5B, VIPJLITA, Fit)5. (zyy86@ seu. edu. cn)



SRR RN RE AR T Tk it sk 73

AER I A T ARS8 T A 7F B p ek, &1
FOTETE (5 N B i R 5 I BF . T e AR S 0 R
FRASA PSR N (AN s BRIROR A . SR
Louetta Road /= 225 4%) e , A —R ER
Pt 50, e e =M B0 w5 W PR Ay F3 o] P 2
B, HSREBREEEAMEL, BRAANLTHED,
it T3 . B 5 R IE . X REESZ /N A E AL
BE SIS AE OSBRI, Eh T R A
FEAE RN A5 O AL B i oK WY 0, Ol 52 22 M i 1
P, HATH 32 T ARGUR BBy X B R T 52 i B
BT R G5, farh . 9852 DXV B 45 44 vh i i FH <2
FIFRHE

T BRI B A B R TERE, BN A
RAWFF LB LR, 5 55 434 L 5 B3 o il
WSS IRY, I A O T R O BOE 2 % U7
A RHATHBR S M AR A A PR AL G DL e
FERBRE B 55 7 ook iR HPURERE, LSt R
NI R TE R AR T Ry &2 et g
A SCHRXT X 26 )7 VAT RGEMIRIAR, I A ORI
1 N AR T E AT S R M RE Y 32 BT VA AT
SIRMXS L (F 2B 2010 4F DK A BF5E R )
RIS 5 RS AR S 4

1 BEERNBSHHN

T R R 3 A 4 10 PR 32 22 0 1] P
ST CRBCMTEL) , T 9Fhe A 8- P D ke
TR, HOFFE S TR AR B
HR Y8 L7 i e 25 R i B o e T B, R LT
AT, SR JGis Bt TR ki an s, B
PEEMREE 2 , HEEEH PR AKE K.
PRI R . B 2 e e (ILIEL T (a) IR
B, LR B T A LR e, T
A BRIV (WE 1 (b) ESHERFSIH) 2,

IR, TR PFE MR B R PR — R TR
FLEOHE M Il 8, 2 I S A SR T I M . H
M B B A AN T], 35 B DR e M B0 DF e 122 3k 3
WOR ARG BUAAE . IR, PR S IR
TR R TN R R Bz SR T 4
S T U B, PR S sk PN 7 1) 2 4 Ak
Heph, TR PR IENF R R L i TR
BEURER I I E AR RS, 54
PRBLE IR O He, B U058 8 25 R /™ 1 b

(a) K EIEAI LI Fa 20 (b) BUIHIE M 51 4F

Bl RERAFHIENASG

Fig.1 Engineering applications of prefabricated
bridge piers" ~'2!

AR R, T B 1 A AR LUR JLT T Y
FHH

(1) T80 i) B 2 9 0 ) S 1 R 1 RE BE ) 4K
59010 (2 R, I BT L i B R AE A
BUARERERETT) , REILATRE S AR MEVERIIR, 332 Tl
PRI AR | 52 DX 52 3 BIR 1 ) B 22 A

40 —
o HIRIH
30 & FXJEIR
20 J.@ MERHE —/i1///
o 4 fifj 2L ,4'
A | .. (N s ey s B
<
R0
B
< -10 -
20+
-30
I s s e e e e B
8-7-6-5-432-10123456738
N /%
(a) BEARIL DS
40
NI
30+-a IR
20 J.0 T HLHTE
o Ak e
510
R0
B
2 -10
| SR
-30
QJ+—FT—T—T————F———————
8-7-6-5-432-10123456738
P L%
(b) Tl HFLErEL

B2 HBUKTESN -EBHEmg™

Fig.2 Hysteretic curves of lateral force vs. drift of piers’®

(2) HiuR= A 1 ] D2 AR 350 2R 4 5 IX T B A A
RGN H A T T S8 B W PR e 2, il g 5 2%
DR 15 Be PP R R B R, B,
A W BEEAGR MR JRE 2 T I 2 AR S0 S P B IX R 5
MIPLERAETT

(3) Wrifoss W Be B BAREE BN, S 38 4, 1EBOR
AP HEAE R T 8T RE 7 AR B, i HLA T BL
WRER AR X RE Bl T B AR A AR B Sl R R 2 4

]



74 A OB

PNV ST AN TEE 87 Sk 7E7 S
2 MBXEFEHEZRRIVKSHF

X EL AT 22 e, ENAbEE T
AE [P AH AT R BT RVE . S b A5 0 NS5 48 B 1 T il
TEKEEFEAR S, IS 0. 35 5 BB AR
WEETE, WBGHZMIE R SR, 7 BoE =
DL R B FE R 55 A R A TR I RE
2.1 FAEMEHHREAE

TERBC AN R, 22 A R
R EARL A i 7 S s 2 P fE . Hewes™ 1
TR D25 7 10 T 3 B 2 0 X IR T Y
R, SEATEER N AR B E I SR P AN A 1 2 R 45
AR A, Wi RIFERRRE 13, (HE AN DB AW
B IN L 22 A e, HoAt 5 BER O M R .
I, Chou ZE1 Xif 2 ANRES 1 24 SR IR B8 1 BEPRREAT
BUHEATINE iR 0, X IS0T A 1 B ) o6 1
WEMMIITA R, DRSS EERE Mt S e, I
W/ NEERIER AN . Motaref 25117 154 B hs 47 31
JRHBE AR A, SR KU I & A M R} 1 i 5
JHBREFZEAT (CFRP) (323719 B, DA ANSh:#E
REFFU/ NI FB T B B3I . ElGawady 45" 75 4%
BRI gL 5 FRP B A4S, FRP 26 &
FITREE L DRI . A PRI - S BT SR
Guerrini ¢ 5% Fl P A0 ¥ 75 B A0 1T, o 1 BE R 6 1
TERUE P RIEE M 2 DA AR iR X sy
AL fE—E R SR PPN PIE BE S, BT RE
SRR FE Y it e B B TR AN, R EFA BOA
[RIAG A L2V R B P13 g D R R M A5,
2.2 BERGEESE

RN P I B AR AR B, 2o T L
EHRAER T RIFERERE 7, MM e et —i
FERESE B n] 400 N B AR RE I A S EAEREAR

(1) FERENAS

OU, CHOU, 4k, fii 540 2 ZE i
PR BABREAIA, I3 (a) PR, i
FERE A A 96k /)N T00 T A 0 ol R, 0 o 2 AR 1 5K T,
FEREANA — A0 TH o B /N, il 7 MU A2 T f L fih
JE 20 EL 28 R T T AE g . Roh'™ 48 UFRIE 14047 T
B R 177 J IR T 132 0 o IR I O L X 95 7 3 $ A9
B3 R0 7 9 S0, DTG g B SR e 1) B 20 A A
TIFLMERLR . Moon 25 R I RICIZ A4 (SMA)
VERIDER BRI P AC RE A, I3 1o 78 B0 A A 40 )
SIHTIE ISR SMA 7] R 42 5 45 M IR BELJE H o

(2) FEREHIT

B3 WHESgEegE "
Fig.3 Energy dissipation devices of prefabricated

(b) SMEFEREAS

[14,19]

bridge piers

(2) ShEFERE

N TARTE LR I7 A DL LR S iy Al B 2 1k,
AN S IO Y G B TR AL B A AE BE 2%
mE 3 (b) Frx, Guerrini 251" 75K & 5 S &6 15 Bt
()5 [ © AR AT Btk 09 7577, 308 Aok 4 A5 %) I A A R 48 o
SEFERE S 1 Z NifE ). ElGawady %5 fEARBIUKH
TR EAR I, IR 5 ik A ) B 5N A 4
FEREIR R o Guo 25" i kA7 e P B4 ek 1 03 e 10 Sy 41
EAERERY, IZFERE SR BT A TE /N2 I PR A R AR
fe, TErPamaRm al GE & AR IR, JF H o THRER AT
e, FAATE T2 EE T g R o M /b B ARG RE 4 AU AH 3¢
JIAERE, MELUNERE B RS 0 E 5204 o
2.3 RAMBEHIE

(1) RBET 8}

T DERE AT Bl T A W AE e, T BL R FE M
AR 2 R AE AR Bl Ol fd o 45 4 B0 24PE
FEVE, SRR R A TR A4 k. Billington 2%
TE T AT BV A 28 1 5 DX B R FH 2T 4 4 5 7Kk 08 52
BAPEE, IR0 R WX R R R BAL G PR R A
UFREVE RIAERERE )7, JF HAR AR AL T/, 2aEt
A FLAF XS 53 B Trono 28175 91 i HCHE 5 31 R 7 2
BT REAEAR R, TERRIE AR R AR A% 21 4R 1R 5
1. (HYFRC, Hr2F4efR %8 1.3% , RO
FELFAEATRA N 0.2% ), DI3G s A IS A0 R IR AE
JIFI AR R 1 5 1] FE RE BE 1o Cruz Noguez, Motaref
S22 S R BUR R TR KR E AR (ECC)
FEUCEARNL AR, ST 45k i SE v R 2 RE
W/ 7B B R A R AR 7

(2) fitt

WA, T HBETE K1 T AT RE & A= 5K T HA]
B, X E R BRI TR AR AN A kA A
A RE R WA 45 MR I A PR, OB K, Guo,  ITbrahim
ORI R A LR (BERP ) AR 5



544

i, WFFEAEH BERP ffi o] W 2 0 M5 380 ) 4 2K
F HZAAR 2R A 5T 1 5 8% i o7 1sf T DA PR R E 14 i
WIS WIEE, [RlEss BERP fif7 55 J] FEl TR Bk 4= AR B 45 A5 1F %)
25 P BE S W B2 K. Shrestha 257" 7 B 3 R
SMA fiii A5 387 38 B9 A7y, [) B 98 M E X R A ECC
TG 45 FE WK SMA il A5 5508 st 8k B &2 (7 Rk
77, W INFLAE R o, B 5 45

2.4 HHTEEASEEAR

(1) WEIER

B 0 T, 2 e S BOE R R R KO
] AT 43 B, TR T BE AR RN BB, T A
FIBAE R H Iy WA TR oy, SO A R —
AN B, Hosseini 2512 75 13 [i) 4 bl 1 20 o W R 40
HNESH ECC il p Mo B, N HB U8 1 3 il VR B+
ECC R af fE N R Ak, Tl 1T, XnaliEm
LR HE R FREAE . Haraldsson 2550 991 1 s30kE £
H—ATEL, TS A K G IR A T e, X
EIEC SRR ORI N E /5 ) i N g e
AR,

(2) WESKRGEE:

P BE T O, TR Bz B
WA kA3, LSBT B 5 R & 1 i 34
NEE, Wang 25 3t T 78 BUKE 5 2L 0 = 18] 2R
PRGEdE Sk 1) TN, A7 e B AR B, AR — el ik e 4
AEEIER ., Ou, Kim 25500k (Y JiE 3 X 48 5
ARG, RTINS WEIEA, &
WAPRFEHLE VR FH T B0 08 BL o] AR ik 4, e 3%
B FIR A5 45 T2 30 EL AT 07 1 FE RE BB 1L i b
fiE. Mehrsoroush 270 Sy K4 it AT sl Al 34 1 47
WHEAIVEE S, AT —MEESREZHE
CEE BB, ME4 (a) FR, G
P TR BY A A, Sl R e B
Sk R DAAE R A B2 A 3 A i 4 T IR R Y T R
Fomp i, (RIS AT LAk 3] 55 4 0 B 0% 3% 2 AH T 1 B
PERE

(3) 7Bzl i

BePe MR BIOAE K A S i IR, B4 AL R e o
KBTI IR Y PRI i i v R T B ] 4 8
AB 1o — oy =R 7 1 B fk i U LA A U g K e
T, LARTHSS BT RE AR B K E . 55—
P74 T B B TR Y B e
BB AT LA SR 000 P05 KB A ik E, iRF
BT BePh e st 4 52 07, % g il 178 Jfy 6 e R A A
K, WE4 (b) PR,

JRTFE . BEEC AT ML R B HE T i g 75
BEARING PLATE
87x8"x1" SPLIT LOCK WASHER
[203%x203x25] ) 1. OUTER PIPE
e S A op=skido)
# SPRALY | T ed B Lol B | 1D alopig
@51 NGB A o
L | PR ] “
CORRUGATED 4 \;»: a8
METAL DUCT [ {." - Ted b S
4 i b F;#3SPH{AL
= Tel SV ]
R L = =ﬂ- @2"[51]
:: 4o 3 | =y
bl ) el -
S
STEEL RING PLATE
=
Q| =
v
INNER PIPE $1S
0.D.=4"[102] &=
1D.=23"[70] & FOOTING
THREADED BAR: A
CBEARING PLA
Qg1
AL [203x203x25]

(@ “HER Bk

(b) By

B4 TEEEAXR

Fig. 4 Improvement of segment connections
2.5 AEHRFFTEHXILE 24

Zibprik, AR (WER. FRP ERH )
FRZE A TR R R A F A W BT BT BE /7, el /N 46
RN, A O IR BE LA PRI, EA
[l Ry ] 2 7 REAB AR A 445 45 1 ] 52 3 S w1 1) A
BCEABRER BN TR TI AT A RERE ), N IFERE
B AT G INFERE, 38 REWR /NS A R B, {HL 23 3
REFGVT S TXERE, T & FERE 4% 19 32 ZEXE
TET FE M7 75 o R BT B3R BE AL m] i/ 1
KRBTSO, PEmaHRENE, I T X AR
(IR ZRE 4EIR BE £ . ECC 4%)  H R ik AR K [ B
L TR AR S R AN M, ELSCA AR 8 o
SR TR A A4 0T B2 T A Al B R L RE T R AR 4
HIX /A4 (4 BFRP ffj . SMA f55) 5 J] R %t

[37,39]



76 OB %

ST %34 &

TRREAETERE AT REAN ST . RSy BUB S i
HTTAT, e Y BRI 3 AT i — 25 i il T
AT EPE RIS . Bt B SR 6 IR 2R
TGP AL B SR B IR R BT ) A, )
I T 42 R A TR o e P SO S 0 s T et 1 B
] R R 2 202 o THRTH U IT R 0 5 B, 3
AT RE SNSRI 7 I L o

R Y SECR U T A 3 DL T P U T
REVEREMI T L, AR Tk i EEAE . A7FER

AP IBN TR,

*x1

ERATEMEEENERRATE

Tab.1 Main methods for enhancing seismic behavior of

precast piers

Wk B EE A TR 2 A
R 1 NS AR
maa PERS e mmm e
gy TG, W SR i
B B I T
w o RIHHRERE A AT
IMERERER AT
WMFROCHER R PR AHIZ R
) WA B, SRS UG, Ak
IR e s
PR . AT B SRR b S
I Bt LA
| TRISTIOTERR A T
e b
BEOBA | WEEBMEESRA PR, B
I B T ey
ey TOVREIEN S 21 £ 0

HeRE

HERZ

3 MXMRBESHARTESN

3.1

L

FTEMRBE
MR L&, #eb e yim s m 5 U
FEYRE 3 AN/ NS R e SR PS5 T

TESE R 25 F RE 0 07 T, X T AR UM BT &
EERNAMAEE, — RS . KIBE K
RIS U I B SR AW B 2 R LA T N
FEOT R BT R TR B b bR LA R T S R R R 4K
B el BB R R AR O =
SRR AT SE T, RSN DA A R A AR )
T, SRR R MR R PR R A HE
e BIARIR SRR+ 7 | ECC ™ 41y
ISR RC AN B S, DIAR TR RAR R A=

&b
He JJ o

P/ INGE F T SR T, % R 2 i 2URR
Brge, ZU/REA R T SR, — B H AT LT
VPR AR TR o Bl s R A o D A A A 2
fESS P FE SR AR o e b AT IR, DATH RE AR A 45 #4 14
RIORER . 05 SR b I B R A A A
FANEAERE SR P R RSB E, 1EHLRE
HHAERCE Z g, R ENEICR . W =
IRZ, PR RERE AL A EIRGEM, Wik B R
JAE o T R ke TC M B B R S BRI A, D DL AH
FKAH
3.2 MHXMRAE

X TR I bR R RE, PR A R E A
FEARIHIST . BUE S BT AT i 5

(1) REF T EA ZRIER, BH AR
FRRE P, RO BT IR R N, A
SE RT3 — ERBE [l i £k, DN 437 225 440 A JE 1
SRARDIRS . FERR MORERBE T 5. UFR 100 e F i
NI MM PRSI PE R, AT S R nT g S
PR AR P SRR AR 22 . I, B
AR 31 5 IR BF T e B A 220, U
LT I SR A R I ) B A A

(2) BUEA AT B R R 4T 4 B0 F S Ak B
TG o AP LRI 1 R AU T W] — A AR TR
Y] B AR R R, DIBUR R AR (A
WA TR BN 1) W) SE R A B
flo BU, CHOU'™* % 3t F 2F 4 o o0 1, # H
OpenSees, PISA SEH {443 Hrke e =R B P A2 P R
SR BA TR W] 5T 3 40 BT T T A5 B B RE AR Y
2470 AT AL A2 B BE g AL R R A
w. BEEARITH AR KRIE, K ABAQUS 4!
S A B TARIR E A T 2k PE SR 330 A R G 40 B 32 3
BHARH

(3) TR UM BB RR S BT v B 3 s Al 2R
Tzl Syt B, 5 A B TS A R BT O X AR
AT 7 20T B T e e B AR . B4
2 USRS S B R e A S s I SR AR )
MrrfEdT iy, 5100 s E S I g R T A 5
AR T B IEE R

4 FBEH-SHRAEZA

A [ AL AR AR 5 SCRRAT A _E 20 A il U
FETHHE PO A R U= R REAY T 1k A LA
FIRPFARAL S . BB ABREREE . R AR BLAS F A1 R
DA et Bt X i 4207 Q55 T T, i i il g



544

SRR RN RE AR T Tk it sk 71

) TEWT % 0 Jy o ELAT AP ROB A M.
T TR AR T B 2 5%, 3% 87 kA 17
fE— MR TR R 24, LT ILA £ % A
itk — B

(1) IAPE TS A AE P B T 7 i O B
A 9 LI T B SO BEIT RO T A
SR AT AT S8 5T, S T S M B
SBFRAEAE A T RO 7 BLE . S HEDE AL
BB 09T A IV, A 55 BRI
SIBT SIS 78 ) HCAE M A2 PR 2
BRI 2 B A5, AT B B2 ) T 5B T 7
PFFROBF BRI

(2) BMECHF DL 2T LA RE RN &2, b
W WO S UK S0 LR RE REBF S, T WA 2 B4
FESEBRBR LS R 32 o URE R AL AR 1
SRR 6140 72 T 1SR SO LR ), FL
SR 5 BOLURE AT S A MU,
AP T W SRR REPE RIS A5 50— TP

(3) 5P T 7 ik £ A 5 13 2 LA AR
BUAERERE . IR0 B KU T 45K B 5 0 T A
B, ORI T HAESE R TR ) 2 B P A
Sy TR B VI B PR, 3 1
VPR THOMERIPE 5 20 b, F 86 o 173 24
flo. BRI AT 2 A PERE RIS 1035

(4) FRPHIETI S B gerh TR A G
T 2 WA 9245 A 7 6 90 1 K B 2 LT R P R
R T R P TR OB SO B SR 26, B A P TR
DL S G S SN N E
(e 72 2B R R O R BB R 2
TR, TS ) B B2 5 RO AT, IR
WA P 30— R

5 £

XEFHRREMN S, BFEOR B TR
REMISCEEM 1F . SR GE BRI L, 2 IC A3
TEWEZ 5 A B W A0 95, (HA LR TR 1Y A
JEF, BH AN e B B B A e K5 %,
BELAS 1 A 5 DXATR R 45 4 o ) B A0 A e o IR
k5 FLT A= P RE Y 42 T O 6 B 20 2 3 3
F1 A FE O B A0 70 5 M R A R 56 45 e 3k [ Kl
B, il [ 7 L T i A A A X B A, XA
AETH L 3 [ 7EAS U ) TRESE BT 2. BAR W] LUIAE
BT 45 AT SR, (H i TR A R 45 1
PRk i a0 . MRS AR IR MR R BT A SE

ATE St T T 233 A B, NI w7 2 T
ARE BRI, A BN TR T S T2 B 0
ENRIRRPURIERER) S Bk

S 3k

References:

[1] DAWOOD H, ELGAWADY M, HEWES J. Behavior of
Segmental Precast Posttensioned Bridge Piers under Lateral
Loads [ J]. Journal of Bridge Engineering, 2012, 17
(5): 735 -746.

[2] ELGAWADY M A, SHALAN A. Seismic Behavior of Self-
Centering Precast Segmental Bridge Bents [ J]. Journal of
Bridge Engineering, 2011, 16 (3): 328 -339.

[3] k. SETSRIBILHEZ & BoC b BrsoR 40 73

Br [J]. ARSERH, 2016, 33 (3): 71 -75.
JING Qiang. Analysis of Capacity of Prefabricated Bridge
Pier Based on Degenerated Solid Virtual Laminated
Elements [ J].
Research and Development, 2016, 33 (3). 71 -75.

(4] Ik, XK, ERpSE, 5. WBRPFAE T4
SR R B AR [T]. o EW I d B, 2015, 35
(8):49-52.

SUN Ye-fa, LIU Chang-yi, WANG Hai-bo, et al.

Journal of Highway and Transportation

Matching Precast Technology in Piers Dry Joints of
Hongkong-Zhuhai-Macao Bridge [ J ]. China Harbour
Engineering, 2015, 35 (8): 49 -52.

[5] BILLINGTON S L, BARNES R W, BREEN J E. A
Precast Segmental Substructure System for Standard
Bridges [ J]. PCI Journal, 1999, 44 (4). 56 -73.

[6] BILLINGTON S L, BREEN ] E. Improving Standard
Highway Bridges with Attention to Cast in Place
Substructures [ J]. Journal of Bridge Engineering, 2000,
5 (4). 344 -351.

[7] CHENG C T. Shaking Table Tests of A Self-Centering
Designed  Bridge Substructure [ J ].
Structures, 2008, 30 (12): 3426 —3433.

[8] BUZY, OUY C, SONG J W, et al. Cyclic Loading Test

Engineering

of Unbonded and Bonded Posttensioned Precast Segmental

Bridge Columns with Circular Section [ J]. Journal of
Bridge Engineering, 2016, 21 (2) . 04015043.

[9] HEWES J T. Seismic Design and Performance of Precast
Concrete Segmental Bridge Columns [ D]. San Diego;
University of California, 2002.

[10]  F&um, B4T7, B —, 5. ERIFEEFEDIEN:E
RFEERe [1]. Wk TR S TRR S, 2009, 29 (4):
147 - 154.

WANG Zhi-giang, GE Ji-ping, WEI Hong-yi, et al.



78 N EREEE: 34 %
Recent Development in Seismic Research of Segmental Segmental Bridge Columns with Match-cast Dry Joints
Bridge Columns [ J ]. FEarthquake FEngineering and [J]. Engineering Mechanics, 2011, 28 (9): 122 —128.
Engineering Vibration, 2009, 29 (4) . 147 —154. [21] s, BB, JCRh4S TN S FERE 40 1 79 i 35 B

[11] BERTSIMAS D, FRANKOVICH M. Air Traffic Flow PEEMTEPUEREMIT [J]. P EZERE, 2011, 32

Management at Airports; A Unified Optimization Approach (3): 33 -40.
[C] // Proceedings of the 10th USA/Europe Air Traffic BU Zhan-yu, TANG Guang-wu. Seismic Performance
Management Research and Development Seminar. Investigation of Unbonded Prestressing Precast Segmental
Chicago: The European Organisation for the Safety of Air Bridge Piers with Energy Dissipation Bars [ J]. China
Navigation, 2013. Railway Science, 2011, 32 (3). 33 -40.

(12]  EmRpE. 5 BRIPEN RHUREUE A5 [D]. [22] ROHH, OUY C, KIM J, et al. Effect of Yielding Level
B RIPRRE, 2010. and Post-yielding Stiffness Ratio of ED Bars on Seismic
WANG Yuan-yuan. Research on Numerical Analytical Performance of PT Rocking Bridge Piers [J]. Engineering
Model of Seismic Behavior for Precast Segmental Structures, 2014, 81, 454 —463.

Prestressed Concrete Bridge [ D ]. Shanghai: Tongji [23] MOON D Y, ROH H, CIMELLARO G P. Seismic
Unversity, 2010. Performance of Segmental Rocking Columns Connected

[13] BREEN J E. Design of Bridges for Urban Transportation with NiTi Martensitic SMA Bars [ J ]. Advances in
[ C] //Proceedings of 16th Congress of International Structural Engineering, 2015, 18 (4) . 571 —584.
Association for Bridge and Structural Engineering (TABSE). [24] ELGAWADY M A, SHA'LAN A. Seismic Behavior of
Lucerne, Switzerland: International Association for Bridge Self-centering Precast Segmental Bridge Bents [ J].
and Structural Engineering, 2000. Journal of Bridge Engineering, 2011, 16 (3). 328 -

[14] OU Y C, WANG P H, TSAT M S, et al. Large-scale 339.

Experimental Study of Precast Segmental Unbonded [25] GUOT, CAO Z, XU Z, et al. Cyclic Load Tests on Self-
Posttensioned Concrete Bridge Columns for Seismic centering Concrete Pier with External Dissipators and
Regions [ J]. Journal of Structural Engineering, 2010, Enhanced Durability [ J ]. Journal of Structural
136 (3). 255 -264. Engineering, 2016, 142 (1) . 04015088.

[15] BUZY, OUY C, SONG J W, et al. Cyclic Loading Test [26] BILLINGTON S L, YOON J K. Cyclic Response of
of Unbonded and Bonded Posttensioned Precast Segmental Unbonded Posttensioned Precast Columns with Ductile
Bridge Columns with Circular Section [ J]. Journal of Fiber-reinforced Concrete [ J |. Journal of Bridge
Bridge Engineering, 2015, 21 (2) . 04015043. Engineering, 2004, 9 (4): 353 —363.

[16] CHOU C C, CHEN Y C. Cyclic Tests of Post-tensioned [27] TRONO W, JEN G, PANAGIOTOU M, et al. Seismic
Precast CFT Segmental Bridge Columns with Unbonded Response of a Damage-Resistant Recentering Posttensioned-
Strands [ J]. Earthquake Engineering and Structural HYFRC Bridge Column [ J ]. Journal of Bridge
Dynamics, 2006, 35 (35). 159 -175. Engineering, 2015, 20 (7) : 04014096.

[17] MOTAREF S, SAIIDI M, SANDERS D. Shake Table [28] NOGUEZ C A C, SAIIDI M S. Performance of Advanced
Studies of Energy-dissipating Segmental Bridge Columns Materials during Earthquake Loading Tests of a Bridge
[J]. Journal of Bridge Engineering, 2014; 19 (2): System [J]. Journal of Structural Engineering, 2013, 139
186 —199. (1) 144 - 154.

[18] ELGAWADY M, BOOKER A J, DAWOOD H M. Seismic ~ [29] MOTAREF S, SAIIDI M, SANDERS D. Shake Table
Behavior of Posttensioned Concrete-filled Fiber Tubes Studies of Energy-dissipating Segmental Bridge Columns
[J]. Journal of Composites for Construction, 2010, 14 [J]. Journal of Bridge Engineering, 2014, 19 (2):
(5): 616 -628. 186 —199.

[19] GUERRINI G, RESTREPO J I, MASSARI M, et al. [30] IBRAHIM A M A, WU Z, FAHMY M F, et al
Seismic Behavior of Posttensioned Self-centering Precast Experimental Study on Cyclic Response of Concrete Bridge
Concrete Dual-Shell Steel Columns [ J]. Journal of Columns Reinforced by Steel and Basalt FRP
Structural Engineering, 2015, 141 (4) . 04014115. Reinforcements [ J ]. Journal of Composites for

[20] F4kF, Fbm. T 48T B R UR 3 & iR 56 0F Construction, 2016, 20 (3) : 04015062.

5% [J]. RS2, 2011, 28 (9). 122 -128. [31] SHRESTHA K C, SAIIDI M S, CRUZ C A. Advanced

GE Ji-ping, WANG Zhi-qiang. Shake Table Tests of

Materials for Control of Post-earthquake Damage in Bridges



Pl AR ML RE YR T T ik ik s ik Je 79

54 b SR
[ J]. Smart Materials and Structures, 2015, 24
(2): 025035.
[32] HOSSEINI F, GENCTURK B, LAHPOUR S, et al. An

[33]

[34]

[35]

[36]

[37]

Experimental Investigation of Innovative Bridge Columns
with Engineered Cementitious Composites and Cu-Al-Mn
Super-elastic Alloys [ J]. Smart Materials and Structures,
2015, 24 (8): 085029.

HARALDSSON O S, JANES T M, EBERHARD M O, et
al. Seismic Resistance of Socket Connection between
Footing and Precast Column [ J]. Journal of Bridge
Engineering, 2013, 18 (9): 910 -919.

WANG Z, GE J, WEI H. Seismic Performance of Precast
Hollow Bridge Piers with Different Construction Details
[J]. Frontiers of Structural and Civil Engineering, 2014,
8 (4):399 -413.

OU Y C, OKTAVIANUS Y, TSATI M S. An Emulative
Precast Segmental Concrete Bridge Column for Seismic
Regions [ J]. FEarthquake Spectra, 2013, 29 (4):
1441 - 1457.

KIM D H, MOON D Y, KIM M K, et al. Experimental
Test and Seismic Performance of Partial Precast Concrete
Segmental Bridge Column with Cast-in-place Base [ ] ].
Engineering Structures, 2015, 100 178 —188.
MEHRSOROUSH A, SAIIDI M S. Cyclic Response of

Precast Bridge Piers with Novel Column-base Pipe Pins

[38]

[39]

[40]

[41]

[42]

and Pocket Cap Beam Connections [ J]. Journal of Bridge
Engineering, 2016, 21 (4) . 04015080.

EZ3C, D, A, BN IR EE L 2 O
TR SR B [T B, 2015, 45 (3):
63 —69.

WANG Jun-wen, ZHANG Wei-guang, LI Jian-zhong.
Quasi-static Tests and Numerical Analysis of Prestressed
Concrete Hollow Pier [ J]. Bridge Construction, 2015, 45
(3): 63 -69.

KIM H S, CHIN W J, CHO J R, et al. An Experimental
Study on the Behavior of Shear Keys According to the
Curing Time of UHPC [J]. Engineering, 2015, 7 (4):
212 -218.

ZHANG Q, ALAM M S.

of Segmental Unbounded Posttensioned Concrete Bridge

Evaluating the Seismic Behavior

Piers Using Factorial Analysis [ J]. Journal of Bridge
Engineering, 2016, 21 (4) . 04015073.

BUZ Y, OU Y C. Simplified Analytical Pushover Method
for Precast Segmental Concrete Bridge Columns [ ] ].
Advances in Structural Engineering, 2013, 16 (5):
805 - 822.

CHOU C C, CHANG H J, HEWES J T. Two-plastic-hinge
and Two Dimensional Finite Element Models for Post-

tensioned Precast Concrete Segmental Bridge Columns

[J]. Engineering Structures, 2013, 46 (1) . 205 -217.

S GG GG G G G GG G G S G GG S G G G G G G S G G S G P Y WP O W Gy

(E#% 6 W)

[15]

[16]

[17]

UER, Z2WAE, £ 5T R RGBT
HRAGRHE R [T KER¥FM:. BRBF
R, 2011, 31 (6): 1-5.

SHA Ai-min, LI Ya-fei, QIN Wen.

Characteristics of Asphalt Mixture Based on Digital Image

Movement
Disposal Technology [ J]. Journal of Chang’an University :
Natural Science Edition, 2011, 31 (6): 1 -5.

X, Thih. MATLAB R2012a 5E4 H2E—A0E [M].
Jent: WDl i, 2013.

LIU Hao, HAN Jing.
MATLAB R2012a [ M].
Electronics Industry, 2013.

TR, R, BB T RCT EUREOR T B 4

Completely Self-taught in the
Beijing: Publishing House of

(18]

BHES AT m ik 5e [ ].
90 -93.
LI Xiang, LIANG Nai-xing, ZHAO Yi.

A2 B, 2014, 34 (4):

Research on
Asphalt Pavement Aggregate Segregation Based on Digital
Image Technology [ J]. Journal of China & Foreign
Highway, 2014, 34 (4): 90 -93.

IR, RO, Eun L. AT HCT ER AL FLEOR [
R R S VR T 1 IR v I B P P /A 8
2011, 31 (4). 221 -224.

PAN Yan-zhu, WU Wen-liang, WANG Duan-yi. Study on
Method  of  Asphalt
Segregation Based on Digital Image Processing Technology
[J]. Journal of China and Foreign Highway, 2011, 31
(4): 221 -224.

Evaluation Mixture  Gradation



