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Abstract: Design details of RC hollow bridge piers for 6 major railway bridges and 26 major highway
bridges in China were analyzed. Pier height, web thickness to section width ratio, web width to
thickness ratio and aspect ratio of pier used in China were reviewed. The experimental researches and
theoretical analyses of seismic behaviors for RC hollow piers in New Zealand, America, Europe, Japan
and China were summarized, and the existing problems and future research directions were pointed out.
Analysis result shows that high piers with aspect ratio larger than 10. 0, thin walled piers with web
thickness to section width ratio less than 0.2 or web width to thickness ratio larger than 10.0 are
commonly used in large bridges in China. Most of the researches have focused on the seismic behaviors of

low and medium height piers with aspect ratio less than 8. 0, and few researches have been conducted for
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piers with web thickness to section width ratio less than 0. 2 or web width to thickness ratio larger than

5.0. There is still not any reasonable shear strength and seismic deformation analysis model for hollow

bridge piers. Some important research directions in the future include anti-cracking measures of hollow

bridge pier under the water, residual displacement control of hollow bridge pier, improving the seismic

behavior of hollow bridge pier by new structures and materials, and researching the seismic behavior of

hollow bridge pier by modern experimental techniques. 1 tab, 10 figs, 60 refs.
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Fig.1 Definitions of parameters
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Tab. 1 Design details of hollow bridge piers
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Fig. 2 Data distributions of hollow bridge piers for railway bridges
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Fig. 3 Data distributions of hollow bridge piers for highway bridges
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Fig. 4 Relationships between ¢ and & for highway bridges
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Fig.5 Experimental data distributions of rectangular hollow bridge piers
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Fig.7 Typical rectangular hollow bridge piers in Europe
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Fig. 9 Hollow bridge pier in Slovenia

2.4 HEZFENHR

2.4.1 & & 2Rk

it — AR B T R A2 I8 F RE ) . 20 TR
B E 3 Tk BT T R v T Y
25 DR B | I5C A3 98 XA [ 3 RLAE AR 8 19 25 0 B
B 6 B X HURIEREHEAT T — BRI =
OB ECEOETE SUIL 10 BF 58 4 75 98 e =0 B B0
TRBE T R A K BERL 2 AR B BT MG BT RE ) L AE
PEANFE BEAF AL L 2500 B BEOPT R 2B 0 A B L 250
BRI BTN MR IR B RS . HRSE AR
AT B 0 3G O R B 9 5 R i {HLSE
P R AR 5 B P it 10 38 22 L TR SBLDE 0 5 B2 AR TP BE 0 2
ST i A5 A R LA BB DX A YN R Y
WRS 5 S A 4 12 G0 J0 0 R 4 B OR L 3 1k A 2 5 S
CERP 0] A7 8548 Jin 2 0 BF A S 1 MIAE RERE /7. HL

CERP i [ [ JE 5 v 475 8380 ) ORI T 97 T2 05 3 18
FI CFRP F01° B AT % 52 J5 30 1 1 358k A7 18
S ] {52 I BB DR R S 0 R P B A B A UK K

(a) FERH

(b) BT

B 10 BEmas.oR
Fig. 10 Hollow bridge piers in Taiwan

2.4.2 TEAMFHHAR

R WF T J7 T 5 R 7 S EE M Bk T A 0 B
it A TR A 3500 1) 2 AR VARRALE 3 2ok XoF 40 737 TR 4 £ 25 .0
I8 ity S50 AE: A8 T A 5 R -t R 0 ML P T Bl B L TRD
il 8 L A R R JEL X A8 TR 25 R 3 ) S R Y
S, S5RRW L BT L R A L A A B g A
AT %) 25 gty 28 0 R T A TR) AR 1 S0 [ O 4R T A
S50 T G A P 0 /) 5 3 DR S i P A R v
bR 2 A HL S 0 B RN A 1 R L S
IS Ry A A L A R R A 0 BRI
TE 00 HE B 01 T R BN o B AR — SRR
ABAQUS B3l 1 FF & T — Pl 40 4 i) 5 4k 3
FE BTG H7 F & FENAP, X 5 [ 7 356 1 X — 25 .0
F AT T Pushover 34t AE40L T A BN TR BE 1T
24 G\ e e R 6 4 e v O 1) 56 B i B ik
Y5 OpenSees 7155 45 S (9 %5 Lo, 50 3E T #5380 79 K
FE L PNE AR I T A 4 B 0 B R A S T TR
B 23 O AR B R [0 0 A A R 7 6 I AR A o A
PR BT TGN L RE R IR BE R T B L S
PRI 2R 0 25O W SBUE TE B8 0 /Y 52 ) L AR AR T 4 il B AR
25 AR BURIE B8 0 s R 00 AR O



% 3

Fhit B LA AR AR R S MR N AR T AT R 4R 29

TSR 71 ASHIE 250 0 8L 7 i 30 85080 & 1F
WA OB R EE R R A T
T 25 0o A7 B0 A8 P 5 DX 240 o4 A o A A 5K

A2 50 B 5 7 T » AR 58 AR R0 XK R 0 O e T s
ORI R 3R 36 B 58 A S F 9 A5 000 4 ) A X
LI DX 2 S AT S vy SR K i I o 7 25 o W . R IR AR
S8 JI R 1L DR TR 25 0 e OB AL (3 15 1o 8. 0) 1 41
i i e 2 ] 498 R RE JEL R A 41 2 P A RO i A
PR TE FOAE RE RE 1775 0 XU AR 52 B A 2k 8 5] o
RS O MR B0 B0 0050 % B B Al RO 0. 23001
25O MR B WD S A i T ) B JEE 23 AR S
BB AR T RIFE BE AR 11 . R S0 55 A5 o 0L
J1RBE I FE T 3 M AR TR B 25 0 JEE MR 30 0
PERE , & BUTE MR R TR B AR B A B RE R
73 ELW B B0 B BE b 1 F R TR B 1 5l B2 1S K
Uk /0N i T 4 ) 38 22 Wi 4 KU AR B A T T
9 AL 25 0 B B BU R LR 70 A4S 4 A
A D HF R 5 S CFRP N[ 19 28 0 B 8L, iF 98 36
o 4 A 25 O BRI R A 2 il i AR 2 B S R A
49 S 1 FAE RE BE 7 5 11 4 ) 42 8% CFRP A i & J7 =X
A AR R S 0 MR B AR T BB R B
SR LA SE R T 6 AN TR HERE 23 0 M S R ) UL
J35 W SE R WY L T RE B TR 2 A AR E T 2
DL i e 5K A 3 B 85 VAR TR AT 2000 A TR) 7 1] fap
A B VR RO 25 0 B B0 0 IR 2ok R A S 2 R
250 B B AR TE BE 77 B BY 125 L i) 38 R sl il R B 1 ik
ANITE: N P Bay sy S W N /oK 1 R e
Tl 12 A RS, sl Oy 3 iR R T A A
O 1R BHO R 5 3 2 IR AT () B A2 BE 0 H . B )
FESERL T 5 AR A3 0 B LR a0 B AOR
T HC AR b b 4 S (R B AR R B RR R T Y

S

3 FEMEEMEZRTE

3.1 FEZBRRFENEE

25 UM BUAE KT 2 AR TR 3R 1)1z i S 1
H A A A1 28 00 B 00 RR 18] R AT I B AT 8
LSS AN OGS T A5 U AT B o [ PR 2 AR g L
15 00 I %8 [ N A0 58 B 25 O BUP L R= i 98 R 2R A7
BRI EBE0 SAAAE R R8T

(1) 545 [ N Ah XF 25 0 W IR 1 B 72 1Y) BiF 5
J& s — AN HEA LYy 230 M B P 0 7R R ) B Al R
P 4 v T AR AV i T 5 P 4 0 g A X 5 S0
BIONOIF TOR ik Z Ak o T4 30 25 0 W 300 T R R

1) B JEL B | TR RE 5 T EL A5 S 00 B BIRE M AR T R
1452 T 46 G 22 Ge MR BIE 5 & O AT 22 0 B0 D A e
RSFATIA 10 mo DA B B R 78 45 1y v, 46 717 e 45 & #
Xof A% U YR 1 1) 249 SRO800; (75 T BE

(2) BB A5 G T 0 2 XoF e 0 W 25 O PR S P AR
AeJANIRTESS . HATBYES LR T 10, 0 BEJRE /T
0.2 TEBEFEJE H T 10. 0 114 25 0 B BO7E op [ ok 780
Br@ TR ARAS T iz A BR il 30 4 il 2%
PR B S E AT E A LT B X BT R R B 5T

(3) X6 233 200 A7 K550 1) i 52 7 0 5 32 e =2 5 80 1k F
5%, HATE NI T RAR TR, &
BRI T BoAe T3k i 50 45 SR 5 B B8 43 A A
i bii DO AN E i A RN A D = 11 R S|
Pr BP0 BT 5 BARKAR O B PR BT 4 )
(JTG/T B02-01-—2008) FI ¢ &k i T 2 H1 5% 5 11 41
) (GB 50111-—2006) ¥4 7 %t 45 .0 A 85 Bt BY [0
TR .

(DOTEZ DB M BUE /T HoR b T3
VAR TE 19 52 W A5 K L AN 2% 18 25 il A8 TE 1) &F di B ) 3%
B A I AE Ok &R R 1 STM 58 B A1 % 1E 11
JE 15 #18 (MCFT) 2 2% [ 45 44 i I 2 1% 55 U1 228 B
AT HEYEERETY,

3.2 #—FSHRMAE

(R K R B3 0 7 8D 76 R T T 24 15 e i
14 RTE . FEBUN R AR s il F 2F KK R 250 0F
SR BE 1 T R R A MR IO AR A S B TR R
AN (BT R T B o S T SR A 2 X 7K
RGN . B LR TR PR
FESRIB KRR H AR X KB
PUR BRI T B A, 56 [ % B K 2=kl 1
o A PR £ 2 1 8 K U8 A 5 b R CECC) L i T HAR
A PP BB T A2 3 6 L AT RE Sk i D R K S 0
BT Hb 7% T 2 ) R 1 3 1 i 4

(W BGR JG BRARANL R 1 K/t HAF AR S
A A 1 1) G4, 1995 4F Kobe i 52 )5 » K & 40 1 TR
BE M TR AR AL R 1 K TC LB 2 I B kg i
T IAT R R A Al v Xl E . H
T I PN AP s/ AT S8R A (VB8 T R I F 5, — ol R
FH 1) TR 3 BE B o5 — R OR A DE IR IC 12 B
G R A B2 T R B A A B B

(3) 38 BB 3845+  5XOR K TR B 4 ) 1) iz
FH o 250 W T 22 ) U 9830 ok 1 i DR, n 58
FE] B 16 2 1 TH 4 10— B 5 220 VS R A T |
A AT BB B 1 25 0 W 00, R T i I R B0 it



30 X A B &

?4

I £ ¥ R

2013 5

AE ). Hines 5% [THEAT TAHGHF 7Y . % T
T AR 25 0 W 855y PN BE VR OB 119 T 4 ) HL T 7R RE
I AR FIVE A 5 [ 2 3 Han 5542 H R P9 & 8 0
PR BE L AL R AT T B A S B
T3 B o AR RIS TN T 45 B B 2 25 0 AR BB 2 1) A
A BIF S LT i S L R D T — D T
LR RS R v 5 AL R R 3L ) A L F TR
e L B ISR BE A5 R SR R B D T B R
TRERAT TR

() BUAC IR 2% 1 A0 TF 58 T B 2E 25 (45 0F 52
Ty HIK b R TR A 24k 8 A R TR S R MELAR: O T Y
S T A5 IR A B S+ 3K i A R P T T £ 1)
F s — 7 T 2 B 0 A B AR RS B M T S A0 L BE
10 ot 45 K 8 T 1) AR o B R 0 5 BV AR L PR
AL 3 AT+ o — T TG A i e o i R A R
24 T PR RS B B K 52 2% i 8 26 1 ) S B

4 % iE

(DBYES B R T 10. 0 Y i 8, BEJE L/ T 0. 2
B RE TR FE R T 10, 0 F W BE ST v [ R R 22
TAEFRAG Tz .

(2) Ry B3R BE 25 AT B A7 75 T A o R | e B
AL F AT 25 OB RR ST 88 1 BF 5 46 o T 5 85
FLTE 8. 0 AR B AR, ELXTBEJEL LE/NT 0. 2 B0 BE
YEJE LR T 5. 0 YR BEOT BT AR

(3D 7 A R 28 0 W T B9 0 7 6 280 7 K
{E 70 H7 P & B B AR LR 09 V1A I 2 = AR ST
VT T W F) 32 5 DAY

(D I3 7R R 25 DA T 2R It 15 3 = OB
SRR AR VRS SR LT 28 245 ) R R B g 0 R R
PR e S » W T QIR 56 £ A BIF 58 250 BF B2 1)
F 2 R O T B T 55 1)

S % Xk -

References :

L1] FAFEA AR, KSR TR0 ) VR BE - % 25 WA A7 1 SR LR
Je R H L] p 2 B 245 2000, 13 (1) 0 31-37.

ZHOU Jun-sheng, LOU Zhuang-hong. The status quo and
developing trends of large-span prestressed concrete bridges
with continuous rigid frame structure[ J]. China Journal of
Highway and Transport. 2000, 13(1): 31-37. (in Chinese)
ERYF AR ORI AR A B e T B A e AR R
PR HT )], 58838 iy TR 44l ,2006,6(2) :30-34.
WANG Jun-li, HE Shuan-hai. Nonlinear stability analysis of

2]

long-span curve bridge with high piers during cantilever con-

struction[ J]. Journal of Traffic and Transportation Engineer-

[4]

L6]

7]

L9]

[10]

[11]

[12]

ing, 2006, 6(2): 30-34. (in Chinese)

FRH AR RS AR A B0 6 N RS R R
W2 [T, 2838 iz 4 T 2440, 2007, 7(3) : 86-90.

WANG Jun-li, HE Shuan-hai. Central angle influence of
long-span curve bridge on its inner forces, displacements and
stability[ J]. Journal of Traffic and Transportation Engineer-
ing, 2007, 7(3): 86-90. (in Chinese)

MARIA H S, WOOD S L., BREEN J E. Behavior of hollow,
rectangular reinforced concrete piers subjected to biaxial load-
ing[J]. ACI Structural Journal, 2006, 103(3): 390-398.
PRIESTLEY M J N, PARK R. Strength and ductility of
concrete bridge columns under seismic loading[ J]. ACI Structural
Journal, 1987, 84(1). 61-76.

IMEE EARTE ARG 7, 55 B TR BE 4 W O P X 2 i
A RBEFEL ], o E A B2 4. 2010,23(3) 1 48-57.

SUN Zhi-guo, WANG Dong-sheng, DU Xiu-li, et al. Research
on amount of confining reinforcement in potential plastic
hinge regions of RC bridge columns[J]. China Journal of
Highway and Transport, 2010, 23(3): 48-57. (in Chinese)
FERTFERE INAE . MR 8 RS AR
B DX BT YR AR IR [T, A PR 2011, 24(2) 1 34-41.
WANG Dong-sheng, SI Bing-jun, SUN Zhi-guo, et al.
Experiment on shear strength of reinforced concrete bridge
column in plastic hinge zone under seismic effect[J]. China
Journal of Highway and Transport, 2011, 24(2): 34-41. (in
Chinese)

IMAE L EARTE G, 5. BN IR BE LU S RO M S KR
BEgEL) ], w2 AR 2011, 24(5) £ 56-64.

SUN Zhi-guo, WANG Dong-sheng, GUO Xun. et al. Research
on equivalent plastic hinge length of reinforced concrete
bridge column[J]. China Journal of Highway and Transport,
2011, 24(5): 56-64. (in Chinese)

IMEE "R £ AT S B TR BE 0 E0R )G 18 2 HOR T
FRLRR )] R TR S TR ,2009,29(5) :128-132.

SUN Zhi-guo, SI Bing-jun, WANG Dong-sheng, et al. Review on
the repair techniques for earthquake damaged RC bridge piers[]].
Journal of Earthquake Engineering and Engineering Vibration,
2009, 29(5): 128-132. (in Chinese)

MRk Lk VR IR R PUR AR L) ). 22|
i2 i TR 23R . 2006 ,6(1) :57-62.

LIU Jian-xin, ZHANG Wei, ZHANG Qian. Anti-seismic
performance calculation of Luohe bridge[J]. Journal of Traffic
and Transportation Engineering, 2006, 6(1): 57-62. (in Chinese)
A R IETR E L AL B OO B P R D AR D]
Wi TR TRIRS)2005,25(1) :43-48.

LI Jian-zhong, SONG Xiao-dong, FAN Li-chu. Investigation
for displacement ductility capacity of tall piers[]J]. Earth-
quake Engineering and Engineering Vibration, 2005, 25(1):
43-48. (in Chinese)

TAYLOR A W, ROWELL R B, BREEN J E. Behavior of
thin-walled concrete box piers[J]. ACI Structural Journal,

1995, 92(3): 319-333.



% 3 Fhs B L AR A R B R SRR A AR MR AT R AR 31
[13] MANDER ] B. Seismic design of bridge piers[ D]. Christ- seismic ductility of tall piers[ D]. Shanghai: Tongji University,
church: University of Canterbury, 1983. 2004, (in Chinese)
[14] PINTO A V, MOLINA J, TSIONIS G. Cyclic tests on large- [297] g3 BRI R — M. 25 04 TE e I M B 7R M B [T ]
scale models of existing bridge piers with rectangular hollow N P& AT R ,2010,27(6) :58-63
cross-section [ J ]. Earthquake Engineering and Structural CUI Hai-qin, HE Shuan-hai, SONG Yi-fan. Experimental
Dynamics, 2003, 32(13): 1995-2012. study on antiseismic ductility of hollow rectangular thin-walled
[15] CALVI G M, PAVESE A, RASULO A, et al. Experimental pier[ J]. Journal of Highway and Transportation Research and
and numerical studies on the seismic response of R. C. hollow Development, 2010, 27(6);: 58-63. (in Chinese)
bridge piers[ J]. Bulletin of Earthquake Engineering, 2005, [30] BEHEEE, 24 &N R 2. CFRP 2y 00 23 0 3 BE By 722 14 fiE
3(3): 267-297. W [LT] R RS2 AARFHE R, 2010,30(3) :53-59
[16] DELGADO R, DELGADO P, POUCA N V, et al. Shear CUI Hai-qin, HE Shuan-hai, ZHAO Xiao-xing, et al.
effects on hollow section piers under seismic actions; experi- Experimental research on seismic behavior of hollow rectangular
mental and numerical analysis [ J]. Bulletin of Earthquake thin-walled pier confined with CFRP[J]. Journal of Chang’an
Engineering, 2009, 7(2). 377-389. University: Natural Science Edition, 2010, 30(3): 53-59.
[17] FARIA R, POUCA N V, DELGADO R. Simulation of the (in Chinese)
cyclic behaviour of R/C rectangular hollow section bridge [31] #A&J7 BRUAES 8 5. B0 TR BE 1 25 O A BPTR M RE I 50
piers via a detailed numerical model[J]. Journal of Earth- WFFELI]. JRah 5 whdi . 2011,30(11) : 254-259.
quake Engineering, 2004, 8(5) . 725-748. DU Xiu-li, CHEN Ming-qi.» HAN Qiang. Experimental eval-
[18] MO Y L, YEH Y K, CHENG C T, et al. Seismic perform- uation of seismic performance of reinforced concrete hollow
ance and retrofit of hollow bridge columns[J]. Earthquake bridge columns[J]. Journal of Vibration and Shock, 2011,
Engineering and Engineering Seismology, 2001, 3(1): 59-66. 30(11): 254-259. (in Chinese)
[19] YEH Y K, MO Y L, YANG C Y. Seismic performance of [32] ZAHNF A, PARK R, PRIESTLEY M J N. Flexural strength
hollow circular bridge piers[J]. ACI Structural Journal, and ductility of circular hollow reinforced concrete columns
2001, 98(6);: 862-871. without confinement on inside face[ J]. ACI Structural Journal,
[20] YEH Y K, MO Y L, YANG C Y. Seismic performance of 1990, 87(2): 156-166.
rectangular hollow bridge columns[J]. Journal of Structural [33] HOSHIKUMA J I, PRIESTLEY M J N. Flexural behavior
Engineering, 2002, 128(1). 60-68. of circular hollow columns with a single layer of reinforcement
[21]7 YEH Y K, MO Y L, YANG C Y. Full-scale tests on rectan- under seismic loading[ R]. San Diego: University of California,
gular hollow bridge piers [ J]. Materials and Structures, 2000.
2002, 35(2): 117-125. [34] OGATA T, OSADA K. Seismic retrofitting of expressway
[22] MO Y L, NIEN I C. Seismic performance of hollow high- bridges in Japan [J]. Cement and Concrete Composites,
strength concrete bridge columns[J]. Journal of Bridge Engin- 2000, 22 (1) 17-27.
eering, 2002, 7(6): 338-349. [35] GUEDES J, PINTO A V., PEGON P. Non-linear shear model
[23] MO Y L, WONG D C, MAEKAW A K. Seismic performance for R/C piers[R]. Ispra: Joint Research Center, 2010.
of hollow bridge columns[]J]. ACI Structural Journal, 2003, [36] TSIONIS G, PINTO A. Numerical analysis of RC bridge
100(3): 337-348. piers with rectangular hollow cross-section retrofitted with
[24] CHENG C T, YANG J C, YEH Y K, et al. Seismic per- FRP jackets[J]. Journal of Earthquake Engineering, 2007,
formance of repaired hollow-bridge piers[]J]. Construction 11(4): 607-630.
and Building Materials, 2003, 17(5): 339-351. [37] KOWALSKY M J, PRIESTLEY M J N. Improved analytical
[25] MOYL, YEH Y K, HSIEH D M. Seismic retrofit of hollow model for shear strength of circular reinforced concrete
rectangular bridge columns[J]. Journal of Composites for columns in seismic regions [ J ]. ACI Structural Journal,
Construction, 2004, 8(1): 43-51. 2000, 97(3): 388-396.
[26] CHENG CT, MO Y L, YEH Y K. Evaluation of as-built, [38] PAVESE A, BOLOGNINI D, PELOSO S. FRP seismic
retrofitted, and repaired shear-critical hollow bridge columns retrofit of RC square hollow section bridge piers[J]. Journal
under earthquake-type loading[ J]. Journal of Bridge Engineering, of Earthquake Engineering, 2004, 8(S1) . 225-250.
2005, 10(5): 520-529. [39] LIGNOLA G P, PROTA A, MANFREDI G, et al. Experi-
[27] MO Y L, JENG C H, PERNG S F. Seismic shear behavior of mental performance of RC hollow columns confined with
rectangular hollow bridge columns[J]. Structural Engineering CFRP[J]. Journal of Composites for Construction, 2007,
and Mechanics, 2001, 12(4) . 429-448. 11C¢1) . 42-49.
[28] CRIEZR. BF 5 v A 1 b 72 15 AE i it 5 il S B 55 [ D [40] LIGNOLA G P, PROTA A, MANFREDI G, et al. Deform-

b - R T Ko, 2004,

SONG Xiao-dong. Theory and experimental research on the

ability of reinforced concrete hollow columns confined with

CFRP[J]. ACI Structural Journal, 2007, 104(5): 629-637.



32

\

I

>‘\

I £ %

R 2013 %

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

ISAKOVIC T, BEVC L, FISCHINGER M. Modeling the cyclic
flexural and shear response of the R. C. hollow box columns
of an existing viaduct[ J]. Journal of Earthquake Engineering,
2008, 12(7): 1120-1138.

SART A W 9 R R s 0 TR e O A T gt AR AR A
TEERI S HTREFELT ], R TR 4 . 2001,34(2) 1 11-16.
GONG Jun-qing, ZHU Xi. Study on flexural capacity and
ductility of reinforced concrete piers with hollow round-nose
section[ ] ]. China Civil Engineering Journal, 2001, 34 (2):
11-16.
1 — AR JE T FENAP 5 19 RC & B8 R o Pt 4
WKL), MR TS TR 32010, 30(4) :90-96.
ZHUO Yi, LI Zhong-xian. Simulation and analysis of damage
process of RC high bridge piers based on FENAP platform[ ]].

(in Chinese)

Journal of Earthquake Engineering and Engineering
Vibration, 2010, 30(4): 90-96. (in Chinese)

IMAE L R, ERT S W IREE = O BUE AR TE g
SRHTLY]. Bl 2. 2012,34(1) 1 91-96.

SUN Zhi-guo, GUO Xun, WANG Dong-sheng, et al. Analysis
on ductile deformability of hollow reinforced concrete bridge
piers[J]. Journal of the China Railway Society, 2012, 34(1):
91-96.
IMNAEL ERTE R HIE 2O BUETE A8 ) OB X
AR O L)) R ST B B TR 2012, 34 (3
95-102.

SUN Zhi-guo.

(in Chinese)

WANG Dong-sheng, GUO Xun, et al.
Deformation capacity and amount of confining reinforcement
in potential plastic hinge regions of rectangular hollow bridge
piers[J]. Journal of Civil, Architectural and Environmental
Engineering, 2012, 34(3): 95-102. (in Chinese)

XKL R UK B R AR R R BT SR R R UE L[ D .
Jemt b 5T A8 R, 2004,

LIU Lin. Investigation of seismic design and seismic response
control of high-pier-and-long-span railway bridges[ D]. Beijing:
Beijing Jiaotong University, 2004. (in Chinese)
ST T Ak . T R R R TR O R A M IR 8 T 5% 5 UM
ST, AR TR 42 2010,43(6) : 82-86.

HAO Wen-xiu, ZHONG Tie-yi. Experimental study and
numerical analysis of the ductility of reactive powder concrete
piers[J]. China Civil Engineering Journal, 2010, 43(6): 82-
86. (in Chinese)

o JRVEL S WA AR A A 9 R A TR i IO el 8L 7 3K
ewrsel) . B R K TR 241, 2010, 30(4) - 369-374.

ZONG Zhou-hong, CHEN Shu-hui, XIA Zhang-hua. Bi-axial
quasi-static testing research of high hollow reinforced con-
crete piers[ J]. Journal of Disaster Prevention and Mitigation
Engineering, 2010, 30(4): 369-374. (in Chinese)

ARG BRI R BE L NI AR PR PR RE AT SE LD . e R
o AR R TR 1 “E WS . 2010.

LI Zhi-xing. Study on seismic performance of concrete rigid

[50]

[52]

[53]

[56]

[57]

[58]

[59]

[60]

frame bridge with long spans and high piers[ D]. Harbin:
Institute of Engineering Mechanics, China Earthquake Ad-
ministration, 2010. (in Chinese)

LEE D H, ELNASHAI A S. Seismic analysis of RC bridge
columns with flexure-shear interaction[ J]. Journal of Struc-
tural Engineering, 2001, 127(5): 546-553.

XU Shi-yu, ZHANG Jian. Hysteretic shear-flexure interac-
tion model of reinforced concrete columns for seismic response
assessment of bridges[J]. Earthquake Engineering and Struc-
tural Dynamics, 2011, 40(3) . 315-337.

FISCHER G, LI V C. Deformation behavior of fiber-rein-
forced polymer reinforced engineered cementitious composite
(ECC) flexural members under reversed cyclic loading condi-
tions[J]. ACI Structural Journal, 2003, 100(1): 25-35.
AR 25 AR R ) K R Sk B A B R oY 2 R B L AR
B FACT]. AR A 2241 2008, 41(6) : 45-60.

XU Shi-lang, LI He-dong. A review on the development of
research and application of ultra high toughness cementitious
composites [ ] . China Civil Engineering Journal, 2008,

41(6): 45-60.
SAIIDI M S, O'BRIEN M, SADROSSADAT-ZADEH M.

(in Chinese)

Cyeclic response of concrete bridge columns using superelastic
nitinol and bendable concrete[ J]. ACI Structural Journal,
2009, 106(1): 69-77.

£ LR LRI R RICIZ G & IR EE A 3 ) i
BB [)]. 988545 vh 7. 2010,29(4) 1 150-154.

CUI Di, LI Hong-nan, SONG Gang-bing. Experimental
study on dynamic properties of SMA reinforced concrete
columns[J]. Journal of Vibration and Shock, 2010, 29 (4):
150-154. (in Chinese)

HINES E M, DAZIO A, SEIBLE F. Structural testing of
new East Bay Skyway piers[ J]. ACI Structural Journal,
2006, 103(1) . 103-112.

HAN T H, STALLINGS ] M, CHO S K, et al. Behaviour
of a hollow RC column with an internal tube[ J]. Magazine of
Concrete Research, 2010, 62(1). 25-38.

WANG J C, OU Y C, CHANG K C, et al. Large-scale seismic
tests of tall concrete bridge columns with precast segmental
construction[ J]. Earthquake Engineering and Structural
Dynamics, 2008, 37(12): 1449-1465.

OU Y C, WANG P H, TSAI M S, et al. Large-scale experi-
mental study of precast segmental unbonded posttensioned
concrete bridge columns for seismic regions[ J]. Journal of
Structural Engineering, 2010, 136(3): 255-264.

A PN AR T AR i e A A 2 o R TR R A AR
PEREWFE LRI T ). AR LR 4. 2009,42(4) : 1-9.

SI Bing-jun, SUN Zhi-guo, WANG Dong-sheng, et al. Review
of studies on the seismic behavior of high strength concrete
columns with high strength transverse reinforcement[ J]. China

Civil Engineering Journal, 2009, 42(4): 1-9. (in Chinese)



