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Pseudo-dynamic test study of partially concrete-filled steel bridge piers with
thin-walled ribbed box sections

YUAN Huihui', TANG Yihang', WU Qingxiong' , DANG Ji’
(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, China;
2. Department of Civil Engineering, Saitama University, Saitama 338-8570, Japan)

Abstract; To investigate the nonlinear seismic performance of partially concrete-filled steel bridge piers with thin-
wall ribbed box sections during frequent and rare earthquakes, three test specimens, one not filled with concrete,
one filled with concrete up to 20% of the height of a bridge pier, and one filled with concrete up to 40% of the
height of a bridge pier, were produced and used in the pseudo-dynamic tests using the MTS servo loading system.
The JRT-NS seismic wave, the same as that in the Hanshin Earthquake in Japan, was used in the tests, from which
the displacement time history curve, load-displacement hysteretic curve, and cumulative energy dissipation time
history curve were obtained. The experimental results show the following: all three specimens were in an elastic
state under frequent earthquakes; under rare earthquakes, specimens filled with concrete at the base were in an
elastoplastic state and showed good seismic performance, without the occurrence of significant destruction; with the
increase of the filling ratio of concrete in the plastic-hinge region at the base, the constraint effect of concrete inside
the thin-wall steel tube on the local buckling development of the tube gradually increased; and some seismic
performance indexes, including the structural stiffness, horizontal bearing capacity, maximum displacement,

residual displacement, and energy dissipation capacity of steel piers, were significantly improved.

Key words: partially concrete-filling; steel bridge pier; thin-wall ribbed box section; seismic performance;

pseudo-dynamic test; rare earthquake

BLI B [ AR 22 B ATR Sk >R T A TR 5 L R i, el TR B A B Mg P, A R 71 91 37 114 2 oK

Wi 2015-11-30
ESWE. EXRARPIARES (51508104) ;@M K EFHIFE 31542 (510061)
TEE BN ZMEME(1985—) , 5 e oe A, B9 61, i, AR i 52500 TR F5T, E-mail ; yuanhh@ fzu.edu.cn



55 6 0] FEMERE A TR OTIREE TR A AR BN AT O Bl i 505

AEFESr TR EE T AT SRR A A 5 A ™ B S R AN B DI IR | L 2 5 DB R 8155, 40 5=
5 VP 5 Rz AR SR R M, 3 A R 1 A i 7 AR [ R 28 B 0 FE R G T i, b o 4 7 A T 99
AR s T A TR it T AR R AR A B AN A T2 R TE R T B X
WRE RV MR M RR AR T T 28 50 S R AR RKAE 20 R AR I BRI ATRE . IS BRE AN AR ) =)
Vil M BSER | $ ves W M7 Ml o S SR A A T 7S TE RE g, 7 T R HR BB P B R W IR AR L 5 — B iR i

LA 35 S 27 sl O 1 7 9 P B DX s A/ AN A ok e b % A Ry A e i AR TR (AN A 1 5 B AT B T 4 R HE
(b) i T, 4R T ATREE LW BUN AR SR FLAY DB, SMERANAE AT VR M A% O TR B - it TRBOAR , b 2 ik
i THERE . (o) B AR 3T, 53830 A A TR W SIORA L, 7 O e A B AR S MR B AR R A 2544, 4
AR TR AT 2 50% T E - B FRG 1 B EE A > 509% 224510 AR T %ok SE A H LA T i
o RE R R B SR R AT BRI AR B2 N

E AT, W IS 43 SE SR TR B - %) B T AR BN R Pk RE i e AT 22 2 R DL D0 i 48 =X (H
P TR0 B N 2 A N 25 e 1, a0 45 S 5 S B b R A A7 A B I DO 5 B A s B E L N
LM IR I S IR NG T2 57 R FE TR = PURRIT R R A 2, L, pF5E s Z AR T 38 e iR
+ PHEEE A AR TR bR R R, BA EEN T RS EME, WL, EEHE T 3 %8 R LR 1:411
ERET ) TR T BRSO, 7R 2 AR AR A 7R 2 209% TN 409 A7 10 BE R BRE - 38 o A
H S Bopf 2 JRT-NS U E4 7 5 ) U 8h T g o7, WA A i I i B, 15 B R T80 R 3 i o7 B sl A
2 Aar B B iy 1] il e A R AR I RERE T AR I 4, 1 i AN [R) TR B8k 33 5 w5 B X 435 4 R e M gl 7 il vz 79 52
FUEE, I S A TR P RE VAN
1 ik 3w % it
1.1 R_Figit

PRI R FH 55 SR [ 9 100 il i 5 4 [R] 9 J L] RO R BHRE M | 42 IR 55 SR B 2544 1 49 Le il T
3 R HERE T )y B A AN AT O A | T T MR AR R SO o A B A AR i AN 181 1 R B R

2R Y SMA90 SbH 7R , Herh 2 ARICARZE R 43 SIS 450 mm AT 900 mm (IREE £, 20 3R w1 BE 1 20%
F140% , g5 >h S20 F1 S40 , A I Fe IR EE + WA B0 40 54 S00,

=R EE L SERiE= U iy 2%
e IR 2 IR A 2 IK-fif 2% i i —
(O) - w T i5>:'<_ ¥
/N nk
= = - ol
g 2 8 6] |
2 2 z | 450| —
< ~ <~ 450 |
IR o o | < () iR Al R
Slk= $ 2|z § gz g
I N I N a N
. *" al‘ a®
PN ar g . :
S S S L g
é ~ =t e 4 : N
— - e 3
- ‘— L a
= vy R I R N 2P IR 2
CRCLLT a0
(a) SO0 fH: (b) 2054 (¢) S40itf: (e) HEWIA

B 1 #rEut e ( $40: mm)
Fig. 1 Test specimens of bridge pier (units: mm)
AP EASEINT WM B IRIRE o) BI04 325 MPa, SEJE 10 Ry 120 0.52, K401k A 528
0. 34;S20 F1 S40 iR BOIREE L3R £ 4N 23.5 MPa, S20 1 S40 i BT BE L35 H h/h 4350 18. 8%
F137.5%, AR L n 380K 0. 15, R B HE T 45 2 6004 L 3RE 2 B2 1) far 2k P =648 kN, 1R



506 IS S (SN S RE A S N T8 Ha4 6

i H A AR BRI TS (JRA-V-2012) ' AR AR Im i F s L Ry, 538 4 Ee N i R R A
b oo, 12(1 - v?)

R. = — 1
K t E wsz (D
g
)‘:%i _Y (2)
r mN E

S by AR 1< s ——WERE SR 1
R Ay =4 s h—— IR PR FE
1.2 mn#igit

BN 75 ) N 2k B UL R 2, 70y RN 88 1) ) 2140 Fhy MTS f 98 f) IRAE sl s it - 7K Sy 80 FH A6
Fedaitil o O TOURS A () A 2N L RS R ad i MTS ZR 58 A SR AE . R, i 75 ZEAE R I 0 n] B HH BRI PR B
(DX 380, AT PR ) 50 A 8 SRR e RN A B 6 AR F o S B R ) A A 252
K3,

23O B [T 2 A2 s

WA BARALE ; hy—

FSIpL
7 777 -
B2 mHEEETEE 3 SEBRANEER
Fig. 2 Sketch of loading device Fig. 3  Actual loading test

AR YA 1) SR 45 # S e O L, AT R Ak BT a2 R AR R AU 1R g 25 R R S00
S20,S40 FYWI A TAPERIE 225120 15. 5 kN/mm  19. 2 kN/mm 21. 0 kN/mm , &30 149 % [ 4l 13478 648 kN, AR
P 14945 KL B ] 4531 R R 2 R4 Y I 43301 0. 821 5,0, 738 s i1 0. 706 s, 35 FH 1995 4F Bz i K b %
f JRT-NS JAE Ay iy A M 52 %, hn sk B it A DL IR 4 (a) |, 122 00 52 I A 457 B2 5 1) O 30 s, WA i3 8 PGA Ay
687 gal =0. 70g , HA X It i [ 3 5 JRT-V-2012"" FRolisg 9 T 283 3% 1+ s 3% i 6 e DL IR 4 (b)), JRA-
V-2012 B BRI B 58 - 450 0. 40~ 1. 20 s, i NIs B S 0 3% f5e KB M 1750 gal 338 T 150 4% 1 iy
REUEHRAE ST 2 9. T 1(PGA 4 0.07g) FITHL 2(PGA 7 0.70¢) , 43 AR Z 8 MR 5 58 MR 1 i
FSARAE 00 1 InEREE AT ket AT T80 2 1k,

igg (8.48, 686.83) PGA0.70g 20001 JRT-NSi
1600k —— JRA-V-2012
400} =
— o
& 200r = 1200f
hs i
= -200f *%:J 800
= 1
— L =
400 400
-600 |
T I
0 5 10 15 20 25 30 0 05 1.0 15 20 25 30 35 40 45 50
F 1) /s JE /s
Ca) I AR (b ) X} insde B S5z o i

4 JRT-NS iff iniE B B 12 5 H 246 X4 nis B &k B

Fig. 4 Acceleration time history and absolute acceleration response spectrum of JRT-NS wave



55 6 0] FEMERE A TR OTIREE TR A AR BN AT O Bl i 507

2 HERSSITE

TR BAT B3 TR 25 N R R TR B R S R (R B AR B v 28R R KSR B
PR BT . SB— BB N E1 28R, SR S EBURR T 0 i 58 B Boxt i B2 573 i 72
YERT, R AIE MU BT 3, R L ARR I ORI T SR, 38 A 5 — B B A P2 i 1T R0 58, i DR 25 4 1) 928
PERE ST R TR TR K 5 385 AR ORI BT I 0], ff O 23 0k 450 U 7E 3 7 3 1 B, O HLAS 10 B 5 D) e 3R
G, ARG TORK R E1 28 M2 B2 bR 2 4B BEdHAE S00,S20 F1 S40 BT REPERE SR IT
g,
2.1 ITR1—%idhE

2B MR T U4 oG X RN TR AT, R A R R B s ar e, B/ S R 6 il oh £ 18
Hi A T 00 AR A0 R R g 2 R i 28— 57 A% ¥ 1] i £, T o A9 487 8% R i 288 43 )R FH 0L 5 73 v ) 75
FI L S00 (Y AROLAS 8, = 15. 00 mm FJE A2k H , =233. 00 kN #4170 —fLALFE,

o6l e2s.043) . o6l 06
< oal < oal (5.33,0.28) o4 (5.28,0.29)
S 02t S 02t g 02
28 0 Y 0 0 f~p
5 -02f 502t 3% -0.2
~ _ L ~ _ L ~ _
0.4 0.4 0.4
-0.61 -0.6} (5.74, -0.39) -0.6 (5.67,-0.33)
-0.8 O35 70 15 20 25 30 03 10 15 20 25 30
Asf A /s EE s} 8] /s
(a) 4800 (b) &1S20 (e) sS40

B 5 %iBHE(PGA 54 0.07g) EA TR A2 Lk
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Fig. 6 Load-displacement hysteresis curves under frequent earthquakes ( with PGA of 0. 07g)
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