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Research on Seismic Performance of Prefabricated Bridge Piers

with External Energy—dissipation Plates
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(1. School of Transportation, Southeast University, Nanjing 211189, China;
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Abstract: To expand the application of prefabricated segmental bridge piers in middle and high intensity seismic
region, energy dissipating steel plates are set at the outer side of the pier bottom. The performance of the prefabricated
bridge piers with external energy—dissipation plates under quasi—static loading was analyzed and compared with that
of the cast—in—place piers as well as the prefabricated piers with built—in energy dissipating steel bars. The rationality
of the proposed prefabricated piers is studied from the aspects of hysteretic curve, skeleton curve, cumulative energy
consumption and recoverability. Based on the three line skeleton curve model, a calculation method for the skeleton
curve of prefabricated pier with external energy dissipating steel plates is proposed. The predictions from the pro—
posed method are compared with the numerical simulation results, and both are in good agreement. The seismic per—
formance of the prefabricated piers with externally placed energy consuming steel plates is analyzed by Pushover
Method. The results show that increasing the prestressing level can increase the bearing capacity and stiffness, while

reduce the ductility. When the prestressed steel strand is arranged around, the bearing capacity, stiffness and energy
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dissipation capacity of the pier are improved. When the steel strand is arranged in the center, the ductility of the pier

is improved and the deformation capacity is strong after yielding. Increasing the amount of energy dissipation steel

plate can improve the bearing capacity and stiffness of piers. To a certain extent, increasing the amount of energy dis—

sipation steel plates can compensate for the adverse effect of the increase of slotting rate on the structure.

Key words: prefabricated segmental bridge pier;external energy—dissipation plates;seismic performance ;self—

recovering capacity ; finite element analysis
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Fig.1 Specimen design of reference[10]
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Tab.1 Properties of materials

e JE IR EE/MPa ARERSEEE/MPa SRR EL/GPa
RE+ — 44.2 325
DA 488.4 628.9 200
$ii 5 555.0 685.0 200
FEREMAS 308.0 431.3 200
BIEET 1 674.5 1 854.1 195

IR AR RS MR, a8 A e ol
Hl, B GRS 2 A O R 25 4. I = h
DERSEE T, RERA B IR IE S B PE 2 Yk, 4 S
R N 0.1% ,0.2% ,0.3% ,0.5% ,0.75,1% ,
1.5% ,2% ,2.5% ,3% ,3.5% ,4% ,4.5% ,5% ,6% ,7% ,
BIANZRAI AL N 1.85 mm ARVIHBIE 2 129.5 mm.

1.2 BRTRBFEL

AR A ABAQUS A5 BRITHK A 37 43 B 7.
TRE TR FH =4 Ze MR 4 PR 4 SE AR BT (C3D8R)
SPGB, SR B, FIYARA L v, $R B (R SR
T AR T R E HUE, $7 7 5 a6 AR
HF w, =0, 17 X AR TR w, = 102, A4
JTRUN; TR R =4 A ASHTAR T (T3D2), AR
T4 5 22 3 FHT R 2R A5 75 I sl AR A TR0 91, A8 Hh oA
I AERERTT, WIAR iR AR B IR EE 1,
P AR 32 77,

ST HERAASTADLT B ] A, TR
A, A B R BT R A s ) L R T, Y
B PR T2 s, NP 3o 47 R 77, 422 e i 1) TGk
P HABER AT 5. 15 BEZ 0] (9] 1) SR P At R 4%
JEEHEE R0 e UK 0.4, B v [ 5 , 29T A H i
BT A .

TCRHEE TN 750 3 e 388 Ao 249 ROTBU 500 3 i
55 AN A7 P TRE 1 S KO ) el L R
JRCTRUISE 3 B A5 T R R T 2 451 A P el B S
SR B ST N g e I, 3% TN A A
IR IR = 0 L FEIRAA A = 0, /aE,,0, .0 F E,
A3 R TN 1 AR TR 7 AR R ESOR SR

HEAR I DRI T DR oA PR TR R % )
FEAL A 2(a) F1 2(b) R, BT30S B X 4 mT
AERARKE ML, HIAERUR 1/4 KNG Y
TS, DR B S 5 4 A B AT
Bt b R KRG RRE LA LR T R E N
O 2 il R T

()M LB

(b) B P2 =X
B2 HRA RS PR

Fig.2 Finite element analysis models of bridge pier
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Tab.2 Comparisons between simulated
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Fig.4 Construction details of different piers
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R P/AN  A/mm  PJ/KN  A/mm  PJ/kN  A/mm

LS 581.0 0.039 716.3 0.199 6089  0.641

hiE 600.4  0.033 686.7  0.198 — —
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Fig.13 Comparison of proposed skeleton curve

model with simulation results
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Tab.7 Parameters of different FEM models
B g TN T REI% TS FRER/% FEREBIARH /%

PISIGIE1 5 e 12 1
P2SIGIE1 10 e 12 1
P3SIGIE1 15 e 12 1
P1S2GIE1 5 I 12 1
P2S2GI1E1 10 I 12 1
P3S2GI1E1 15 I 12 1
P2S1G1E2 10 e 12 2
P2SIGIE3 10 RN 12 3
P2S1G2E1 10 s 36 1
P2S1G2E2 10 s 36 2
P2S1G2E3 10 LR 36 3
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Fig.14 PUSHOVER curves of piers with different

degree of prestressing forces
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Tab.8 Results of PUSHOVER simulation
B g5 P,/kN A, /mm P,/kN A, /mm P,/kN A,/mm Ha Ko/(kN-m™)  K./(kN-m™)
PI1S1G1E1 637.4 39.3 787.9 112.8 762.3 189.3 4.8 31282 6 982
P2S1G1E1 655.3 38.7 808.8 100.2 784.6 168.9 43 33 357 8 071
P3S1G1E1 703.8 37.5 852.9 92.6 828.3 157.2 4.0 34 096 9212
P1S2G1E1 681.2 44.1 836.0 110.3 809.3 196.1 4.4 30 230 7579
P2S2G1E1 701.8 39.7 864.5 102.3 838.1 168.5 4.2 34 513 8 449
P3S2G1E1 745.2 38.8 897.9 93.3 860.2 152.3 3.9 36 091 9 624
P2S1G1E2 750.7 442 948.7 105.7 917.9 165.6 3.7 35 258 8 975
P2S1G1E3 800.5 45.2 1 004.5 104.4 972.1 181.9 4.0 37 056 9 621
P2S1G2E1 549.1 41.4 647.8 102.8 629.6 155.4 3.7 25 095 6 301
P2S1G2E2 701.4 49.7 860.1 127.3 832.8 165.8 33 27 898 6 754
P2S1G2E3 794.5 53.6 947.6 137.8 918.0 191.6 3.5 28 217 6 875
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Fig.16 PUSHOVER curves of piers with different

amount of energy—dissipating steel plate
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Fig.17 PUSHOVER curves of piers with different slotting rate
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