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Seismic behavior of resilient SFCB-ECC-concrete bridge piers
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Abstract; To achieve highly durable resilient structures, a novel composite column was devised. This column
utilized steel-FRP composite bar (SFCB) as an alternative to steel reinforcement, along with the incorporation of
engineered cementitious composites (ECC) instead of normal concrete within the plastic hinge region. Quasi-static
tests of SFCB—ECC—concrete composite columns were conducted under an axial load ratio of 0. 13. The influence of
FRP content in SFCB (0% , 43.6% , 100% ) and the matrix type in the plastic hinge region (ECC, concrete) on
the seismic behavior and resilience of the composite columns was assessed. Subsequently, parameter analyses were
conducted through OpenSees, exploring the effect of axial load ratios, SFCB reinforcement ratios and ECC
strengths. The research showed that the utilization of SFCB endowed the specimen with post-yield stiffness property,
facilitating the swift restoration of its original functionalities without repair until a 2% drift ratio. The residual
deformation of the composite column decreased with the increasing FRP content in SFCB, but its initial stiffness and
peak bearing capacity correspondingly declined. Substituting ECC for normal concrete in the plastic hinge region
can further mitigate residual deformation, coupled with a remarkable increase in both peak bearing capacity and
ductility. The parameter analyses revealed that increasing the axial load ratio enhanced the bearing capacity of the
SFCB—ECC-concrete composite column, but reduced ductility. Moreover, as the reinforcement ratio of SFCB and
the strength of ECC increased, the bearing capacity and ductility correspondingly were amplified. In practical
engineering applications, it is possible to rationally design the material properties of SFCB and ECC to meet the
specific requirements for structural stiffness, strength, and reparability.
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Fig.2 Tensile stress—strain curves of ECC

Specimen details
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Tab.3 Mechanical properties of ECC and concrete
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Fig. 4 Tensile and compressive stress—strain curves of

reinforcement
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Fig.5 Schematic diagram of loading device
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Fig.7 Failure modes of specimens
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Tab.5 Summary of test results
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E-S - 1.52 25.3 13.78 132.7 18.00 141.2 — — —
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C-SF - 1.49 30.0 12.50 92.5 36.00 107.9 46.01 91.7 3.68
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+ 1.54 27.8 13.94 115.9 30.00 135.8 63.51 115.4 4.56
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+ 1.52 27.6 18.37 89.5 60. 00 108.0 95.50 91.8 5.20
E-F - 1.52 24.2 23.34 88.5 60.00 108.4 95.60 92.2 4.10
T 1.52 25.9 20.86 89.0 60.00 108.2 95.55 92.0 4.65
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Fig. 10 Curvature distribution

2.5 FAIMREMEIFME

6 MRYE HA SEEFI P EBIE O BT
SRR AR ZS KT 7 1) 8% A 60 7% A FRAEL, LA Sk Al
WA 2, WKk 11, NE 11 BH,1.5%
M TR R AR S B A . Z 5 A R
AT IR R AR R KRB INEF A E-S > C-SF > E-
SF > E-F, Hrh C-SF 1 E-SF 78 3% i % £ 5 4 W i
X5, FRAYI B F AR 19 Rk 2 B B ™ B 45 AN
A& M C-SF HI E-SF XF R B A7 5% /1 43 5 N

3.3% F13.8% , WP ¥R X ECC AR R B+ )5,
BB R RE T T 15% . E-S 15 2. 8% hi#s
FABE R T i KB B, tLE) E-SF F1 E-F f95%
KB M/NT 0.5% TGS B E B,
E-SF #l E-F Bys K] E il 3.8% F 7% ,
SrHE-SE-TF T 36% #1 150% , B4R E-F Ak
(A 5k B ARG FF R GFRP il 2 B s /M 1
W3 R 3 R ) 67 8 R I 2 5 B0 5 ) L At 4
FEEREIR  BUE O G B B R R S, T



.20 - MoK T

VAN S

557 %

TRV N 455 % Je W B 58 8 0 a] 46 52 M BESR LG
JELEHIE R A, BEAh, 7F GB 50010—2010 ¢ IR %
T AT RLTE Y Y B RE Y 2% e KA FA T, E-
SF BBRANIFE/INT 0. 2% |, BIVEOR: T 7516 52 B Al 1k
BIRAIIRE, xR T SFCB-ECC—IR¥E 20 5
RIS,
6 TREMIER
Tab.6 Reparability indexes

PPIRES TieE  HEE EE ARIgR
BRI 0./% 60,<0.2 0.2<6,<0.5 0.5<60,<1.0 1.0<6,

L% 1%
8 6 -4 -2 0 2 4 6 8
60 T T T T T T

——E-S
-<- C-SF
—— E-SF

——E-F

48t

AL /mm
AR/ %

0 1 1 1 1 0

96 -72 -48 -24 0 24 48 72 96
L% /mm

E11 FArERESiEd

Fig. 11 Resilience assessment
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