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Experimental study on the seismic behavior of hybrid bridge column

TIAN Tian, QIU Wenliang, ZHANG Zhe
(School of Civil Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; The main objective of this paper is to examine the feasibility of the hybrid bridge column. To address
this problem, quasi-static tests are conducted to explore the differences of seismic behaviors between hybrid bridge
column and reinforced concrete (RC) bridge column and STRC bridge column, each column with shear span ratio
of 3.0. The test results show that flexural-ductile failures are observed for all three columns, and much more cracks
with wider distribution area are found to be created in the hybrid bridge column. This demonstrates that the hybrid
bridge column yields a much better seismic behavior over the RC bridge column. In addition, the ductility and self-
centering capability of hybrid bridge column are superior to those of the STRC bridge column. In general, the hybrid
bridge column has the advantage of both economical efficiency and favorable seismic behavior, thus can be

considered as a highly competitive bridge column scheme in seismic active regions.

Key words: hybrid bridge column; composite bridge column; conventional bridge column; core steel tube;

seismic behavior
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Fig.1 Schematic of hybrid bridge columns
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Table 1 Summary of specimen parameters and test results

R A4 01/ % P/ % p./% 1/mm P,/kN P,/kN A,/mm A,/mm 0,/%
CRC 1.28 0. 84 73.73 85.42 6.25 47. 68 5.30
CHC 1.28 0.84 1.74 450 100. 09 119.23 9.68 59.91 6. 66
csc 1.28 0. 84 1.74 900 109. 37 128. 90 9.99 50.24 5.58
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Fig.2 Dimensions and reinforcement layout of specimens( units: mm)
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Fig.5 Load-displacement hysteretic curves

b A 6 AT UL, BB FRAG, 4 I F AR ML T A, R 150

3 HREGRPEO VIR R SEA M O PR AR LRI s e

WPEIRIE R/ 2 A B ORI A B MR P RO U IR W 0 1| S

PRI A AL £ DR AR I TR RS % | e .

FARK A TR S 00 T W BRI R 22, ol s T
c. HIZR1 AN, 3 A B (BT 200 1 85. 42 kN 119. 23 kN ’s — e

1128 90 kN, 384 M 8 4 10 7R 4 ) 0 5 R 058 LA 425 T

39.6% , i A G HEURMAAA2E 7. 5% . X T WITE N TR B LA 0

HA T TR AL A (B 2SR ) T R R B v MR AR O

T4 ZHL 3 M) A 0 28 A 0 SR AT i 5 S0P 7T 7R 28 7 A

FEMHEZ R Z N .

10 20 30 40 50 60
A/mm

Blo T ERl%

Fig.6 Load-displacement

d. H13% 1 AP, 3 AR BROZAZ 23 51 4 47. 68 mm 59. 91 mm

skeleton curves

F150. 24 mm, WA PFEOAEARTE 68 ) o, FOR BR A RS 55 A0 7 TR B8 3 14 AR 25 7 B 44 43 ol 38 17
12.23 mm F19. 67 mm , A5 (4 =5 I8 (B30 R 25. 6% F1119. 2% , 7T WL IR-EFEEA RIFRASTERE S, HAr
FERE L 2 HAT S AW 77, 302 IR A B0 AR U TR SR P 0 i [R) B, AN i A=
BT — 8 Y R 25 i A% AE NS IS S B I 0 T B i T AR TR RE T



532 ERCPNE N 445

3.2 RIERUEREERR

SRR IR P b AR 6 4% 3R 1 LA X TR 3
P2 R R R R AL I REE AL R e T B 13405 BB, AR
PO FEE ] Y L 1 BRI EEE K SR 0%, 453 2 O 2SR A 2 el 7
JiR

HIEL 7 A0 o) B KT 0B (K | 45 1 B AR A 1) 2
AR R AR R (b) INERI) IR AR B 2 1 R 3 A
W T4 A R B , 0 SR A BRIt 2 1 B B 2 R B O TR0 A
X WA B G | S04 R I 5, 3 1 I S A o R AR AR
(o) A NG R P IR A PR B L LA HRBGR R 1 R 3B 1k 2 31 E7 RIER{LME
BT AR+ RO | 3R 1 RO A I A i g 7 Mg 7 Stiffness degradation curves
B IR R . (d) DB, BRI 5E AR RS T — AR 1, TR A W BOR P 4L & B BOR L 1 7%
ARIIE L R AT TRSE a1 1.7 5, P UL 830 P L A0 B T 2 R B B AR DI S9E T T B 6
BRI B 7 , AT A RE IO HE AR PR

ﬁ%mWaﬁ%ﬁﬁﬁﬂmﬁ%ﬁgmthﬁmﬂ%ﬂwﬁr%ﬁa@ﬁﬁﬁWﬂTm#mﬁﬁﬁ
TFERAOAE T R RE A AR T SRR B R B (=P /P, ,i=2 3) K iR, BV — (RS 0 (1 )
WﬁﬁﬂmwﬁﬁﬁGaPa%émﬁﬂmwﬁﬁﬁP@ﬁbls%HT%ﬁ#ﬁE%ﬁ%ﬁmﬁwﬂ%
DL BRI RS T 45 3 VG R A3 3 S0 2506 kiR 1

Kn/(KN- mm-)

1.0 9 1.0-
. §L b
09+ 09¢
0.8+ 0.8F
= ) =
0.7r 0.7+
0.6 0.6+
L]
0 12 24 36 48 60 72 0'50 12 24 36 48 60 72
A/mm A/mm
(a) AfFCRC (b) W f-CHC
1.0 ; 1 1 l 1.0 - CRC
N7 E&8 cHC
G5 09} % %753 B SN csc
0.8} 0.8} 7\l
S S
0.7r 0.7+ A\
06}  [csc 0.6} 2\
0.5 i ; i . . , 0.5L | % G5\
0 12 24 36 48 60 72 0 12 24 36 48
A/mm A/mm
() RfFCSC Cd) 3R E 3URANG IR 1) 55 i 3 o R 5K

B8 5EERE M
Fig.8 Strength attenuation curves

HIPE 8 FIHT: (a) KPS A<12 mm B, 230 Y 5 B S0 0 B R G 5 B R PR R A 38 22 A A% i

(E R, SR BRI BN (b) SNATIREE LI AE A <36 mm A958R BE R AR W10 E , 2 LS IR (E T 1Y
530 KE DR AT 7% ;A =48 mm I 55 B SIS IR MR, 560 JBE 2 DAL 18% 5 A = 60 mm I, 56 J& /™ T 4
Iok, PR K2 45% , ] DL AN AR BE L BFSURGTR IR (AR PRI RE 22 . (o) RGP 2RI N & 2D
R TR 3 0, 76 A =48 mm B AR B w0803/ T 8% ,A =60 mm B 438 B R AE AR N B 3 15% . (d) 4
A BREAA O B R R e MR 25 TR A ARG 14, A = 48 mm FI1 A = 60 mm B A1) 58 B 206k (53591 A 12% Al
21% o MSCHFFERII OO AT 1 A TR GE 1 SR T 2 20 S 1) 7 A 5 R TR S i T2 I 20 45 A P 0 B 0l
) — AR R, HAZ O AN R | 45 4% 1) A Y0 PR B ™ Tk o 5 9 i 1] o 2 11 5 8 e il A



] HE W5 IREEBURME R AT T 533

P45 I 58 8

25 LT TEAN A TR E AT T AR AR O AN, AT A G AR B iR R s el R M AR A TR R B R
BRAR W FEAS I 5 5 W 25 W O A% O B A8 S B S AT, A7 B T8 3R 52 e 58 /N %o B 0 il S T
A TGS
3.3 EFARBESHRRUB

FERBRRE TR A7 BE T PP M BB R RE B 3 AN B 2248 bR . FERBRE IR MIMHEUL S A B O &) &
et (H R T RE A8 B2 I FE R 2 Sl A BE it , W 3k S 25 44 A RE B35 5 B A2 050 BR T s AT, MR A TR 1Y
BRAREIG /N AR TR o i BRA5 M W Ak s 5 T MBI & 28 . FEREFRIE RN 268 ) P FH R AERE
FERAR LA AR RAE , K19 RN 10 4350 45 1 &l i 2T MIFERE £, MRS A, B UKPA R A
AR A 2R

100 60

Enyst /(KN -m)

Eo RMFREHLZ E10 RARAFHL
Fig.9 Accumulated energy dissipation curves Fig. 10 Residual displacement curves

HIPEL 9 FI 10 ATUL: (a) K2R/ T 24 mm (12 mm) B, #3U0F AT [RIRERE (BRARNLFS ) 2740 T HAR K
V- ELICH 25 5 s B KO RS RO G, RARFERE (BRI S ) AR E 1 I, Ak 2 Al iy 22 5 T 2
(b) IRA RO E IR RAFEREMHR T4 S B  (ERIRAT — 3 R FERE th 2B i d 1, IR 1Y
ZPFEREIF g 86 kN - m , AHXS T F TR EE L IF 1Y 68 kN - m HYIR RS 5 11 26. 4% , (o) MR, IR A
BB P TR A LR ZE B B /INT 2 SRS Heil o el , S BTS0K P02 88 535004 17. 5 mm A1 20. 0 mm B, 9
IR EE L S RO AR AR AL AL K B O mm I ABRAROLRE A0 1% HH 25 T H ARTE BE B HLE 72
JE MU A AR o R YR A RO M R A S A 4 2 X IR A 3 BB 33.39%
15.5% ,

g b AR B IREE LA RO R S E AL O A, W] R R MR R AR RE R A S L RE T K LA Y
RO A TE S v AT, AT N SR AL RS | O HAS SR i i 2 1) RBUFERE .

4 & B

a. RSO E A SO A A T 4500 A AR T 4, S WO 25 -5 A A T B - R S8l A A A
TR EE T AL A HHEO R B BUR BB X A4 25 il SE YRR s A RO RS T | TRA RO ) SR8 23 A i
PRI, O LA A S v DX Il ke B 5800

b. A A B ] A A ) ST | 5B S S | S R ARSI /N PR BE R A TR B
SO B GE S AR B L AL S RO PR L IR A AR O RO BR AR I I T 19. 2% , 7R3 RE
JIREAR T 7. 5% , i W BE3R A F BARFERE AL AL EL 100

c. IRAPFEOLIFRIMIROIFE M0 6. 66% i 2 TR SL B UCAPUR MM BA R AL RE 1 R BR A 7%
AT 4.0% BESR . I RS HREOT S BA B T HR B XA 451k, v R sHR S e TR
FRSEFH , IR Fp O TR RR 3 M K E) BEE J3 Ar FIRRAEL RS ARL L Bt — 28 SR 5

S Xk

[ 1 ] HAN Linhai, WANG Zhibin, XU Wu, et al. Behavior of concrete-encased CFST members under axial tension[ J]. Journal of



534 WK AR R ) Has e

Structural Engineering, 2016, 142(2) : 04015149.

[ 2] gdd, WimEsE, &, & BoOmsR N REE LA EMEREARIRATFE[ T ], AR B TR 2 4 ( A SRR AR |, 2002, 30
(6): 81-85. (CAI Jian, XIE Xiaofeng, YANG Chun, et al. An experimental research on the composite column with core of
high-strength concrete filled steel tube under axial compression loading[ J]. Journal of South China University of Technology,
2002, 30(6) : 81-85. (in Chinese) )

[3] 28, BEF, R WESRIES LSRR SZOIMEMRKEIR )], R TRS TERS, 1999, 19
(3):27-33. (LI Hui, WANG Zhenyu, WU Bo. Experimental research on mechanism and seismic performance of laminated
column with steel tube filled with high-strength concrete[ J]. Earthquake Engineering and Engineering Vibration, 1999, 19(3) .
27-33. (in Chinese) )

[ 47 BXERE, R, BORE. NETREE Lo R iR EE C A PUR BRI IT ()], KIS BT R3], 1996, 36(6) : 759-
766. (ZHAO Guofan, ZHANG Dejuan, HUANG Chengkui. Study of earthquake resistant behaviour of high strength concrete
column reinforced with concrete filled steel tube[ J]. Journal of Dalian University of Technology, 1996, 36(6) : 759-766. (in
Chinese) )

[5] e, FoKkit, BT, WERELSSEMEEGENTTL[)]. &AM, 2013, 34(5): 114-121. (YAO
Guohuang, LI Yongjin, LIAO Feiyu. Behavior of concrete-filled steel tube reinforced concrete columns subjected to axial
compression[ J|. Journal of Building Structures, 2013, 34(5); 114-121. (in Chinese) )

(6] Wadk, 4%, B, 4. WA AR ROZIREAIHEIIEL) ], 1A TR, 2014, 47(5) ; 5663,
(GUO Quanquan, LI Qian, ZHANG Peiyao, et al. Calculation for bearing capacity of steel tube reinforced concrete columns
under eccentric compression[ J]. China Civil Engineering Journal, 2014, 47(5) : 56-63. (in Chinese) )

[ 7] #Rora, 2. WAETREEL S SR B IS SER T [ 1], 545, 2008, 38(3) : 17-21. (LIN Liyan, LI
Qinggang. Design concept and analysis of technical economy for steel tube-reinforced concrete column[ J]. Building Structure,
2008, 38(3): 17-21. (in Chinese) )

[ 8 ] QIU Wenliang, JTANG Meng, PAN Shengshan, et al. Seismic responses of composite bridge piers with CFT columns embedded
inside[ J]. Steel and Composite Structures, 2013, 15(3) : 343-355.

[ 9 ] QIU Wenliang, KAO Chinsheng, KOU Changhuan, et al. Experimental study of seismic performances of RC bridge columns with
CFST column embedded inside[ J]. Journal of Marine Science and Technology, 2015, 23(2) ; 212-219.

[10] WANG Zhibin, HAN Linhai, LI Wei, et al. Seismic performance of concrete-encased CFST piers: experimental study[J].
Journal of Bridge Engineering, 2016, 21(4) ; 04015072.

(1] ik AR JT A2, 55, 1 PEC AL (5550 -BR S HEAUZ M HURALBS IS [T ] WA 4l ( A AR |
2016,44(4) :309-316. ( FENG Jin,BAO Zhangjun,FANG Youzhen, et al. Experimental study on seismic mechanism of inter-
story substructure of PEC column ( weak axis ) -steel beam composite frame [ J]. Journal of Hohai University ( Natural Sciences) ,
2016,44(4) :309-316. (in Chinese) )

[12] #5, SFif, i, 4. SRC-RC B MRS Z I ZHUR Bk it (1], AR T, 2005, 21(4) : 60-65.
(YANG Yong, GUO Zixiong, NIE Jianguo, et al. Study on seismic design of transmission story of SRC-RC vertical hybrid
structures[ J . World Earthquake Engineering, 2005, 21(4) ; 60-65. (in Chinese) )

[13] BEgEPH, fHPL, BXMEL, 5. SRC-RC H#efthrm et ik miot (1], &ML, 2010, 31(11); 102-110. (XUE
Jianyang, WU Kai, ZHAO Hongtie, et al. Experimental study on seismic behavior of SRC-RC transfer columns[ J]. Journal of
Building Structures, 2010, 31(11) ; 102-110. (in Chinese) )

[14] {hil, FERERH, BOSER. SRC-RC MR &S5 MR R B SREME /T[], TR Z2E 4 (CTRERE /) , 2012, 44

(3): 63-70. (WU Kai, XUE Jianyang, ZHAO Hongtie. Analysis on bearing capacity and ductility performance of transfer
columns in SRC-RC hybrid structures[ J]. Journal of Sichuan University ( Engineering Science Edition) , 2012, 44(3) ; 63-70.
(in Chinese) )
[15] PARK R. Evaluation of ductility of structures and structural assemblages from laboratory testing[ J ]. Bulletin of the New Zealand
National Society for Earthquake Engineering, 1989, 22(3) . 155-166.
hEl, BEEM, BEk. SRC-RC Fedfort g SR EE T AL TAE(T]. femg B TR 222l ( HARBHE ) | 2015, 43
(7):75-83. (WU Kai, XUE Jianyang, ZHAO Hongtie. Cooperation of shape steel and concrete in SRC-RC transfer column
[J]. Journal of South China University of Technology( Natural Science Edition) , 2015, 43(7) : 75-83. (in Chinese) )
[17] Japanese Road Association. Design specifications of highway bridges, Part V; Seismic design[ S]. Tokyo: Japanese Road
Association, 1996.

[16

—



