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Numerical and Experimental Study on Seismic
Performance of Bridge Piers by Steel Fiber
Reinforced Concrete
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Abstract; The nonlinear finite element models of concrete
piers under cyclic loading were established with the analytical
method of fiber model. The concrete material model with a
consideration of the effect of steel fiber and the steel material
model with a consideration of the bond-slip effect were
adopted. The influences of steel fiber volume fraction, stirrup
ratio and the height of steel fiber reinforced concrete (SFRC)
region on seismic capacity of the piers, such as hysteretic
characteristics, skeleton curves and ductility, were obtained
by the numerical analysis. The comparison numerical results
were compared with the test results. The results show that
the simulation results of seismic response are basically

s HEH: 2012—06—02

identical with the pseudo-static test results; parts of the
stirrups’ roles of seismic resistance can be substituted by the
addition of steel fibers, and the seismic capacity of concrete
piers is improved with the increase of steel fiber content in a
certain range; similar seismic capacity can be sustained when
the piers are constructed with a local or a whole application of
SFRC.

steel fiber;
pseudo-static test; numerical simulation
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Tab.1 Numbers and main parameters of specimens

i AR A FH A PR e WALk MR EL BETHE
e BETRA /% /% BaAB/ % X B /mm [ /MPa
S1 HEREEt: 1.54 1.51 0 0 38.7
S2 MR E L 1.54 1.51 0.5 800 40.9
S3 MR E L 1.54 1.51 1.0 800 43.1
4 MEHRE T 1.54 1.51 1.5 800 45.3
S5 MR E L 1.54 0.96 1.5 800 45.3
S6 SRR fRE L 1.54 1.51 1.0 100 43.1
s7 SRR fRE L 1.54 1.51 1.0 200 43.1
S8 JREBNA IR L 1.54 1.51 1.0 300 43.1
700 700
250 200 250 250 200 250
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Geometry and reinforcing arrangement of pier

specimens (unit; mm)
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Fig.3 Variable definitions for the Concrete07

material model
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Tab.2 Concrete mechanical properties adopted by Concrete07 model

REL i

) HE Vi/% fo/MPa & ft/MPa  E./MPa &t Zp Zan r

S1 0 38.7 0.002 05 3.45 29 707 0. 000 232 2.0 2.3 4,05

S2 0.5 40.9 0. 002 69 3.55 30 330 0.000 234 2.0 2.3 4,39

%gi S3,56~S8 Lo 43.1 0. 003 33 3.64 30932 0. 000 235 2.0 2.3 4,73
4 L5 45,3 0. 003 96 3.73 31514 0. 000 237 2.0 2.3 5. 07

S5 L5 45,3 0. 003 96 3.73 31514 0. 000 237 2.0 2.3 5. 07

S1 0 44,6 0.003 92 3.70 31331 0. 000 236 2.0 30 1. 46

N S2 0.5 48,0 0. 005 03 3.84 32 206 0. 000 238 2.0 30 1.34
ﬁ%&%b S3,56~S8 Lo 50. 2 0. 006 08 3.93 32 752 0. 000 240 2.0 30 1.27
4 L5 52.4 0.007 10 4,01 33 283 0. 000 241 2.0 30 1.23

S5 L5 49,7 0. 006 01 3.91 32 629 0. 000 239 2.0 30 1.34
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Fig.4 Stress-strain relationship for the Reinforcing
Steel material model

% 3 Reinforcing Steel 125 th{R i & A&
Tab.3 Steel mechanical properties adopted by Reinforcing Steel material model

28 Sfy/MPa fou/MPa E,/MPa Eq./MPa €sh € dp/mm
B 335 500 2. 0X10° 6. 0 X103 0.016 0.08 14
BH Lo 8 A P G a Ca
B 6.0 1.0 0.8 0.8 0.9 0. 506 0.52

2.3 BE-RBHERT
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MABERB M E RN 5 REE L 2 RA RS
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B BET BRI M, B il —ih R KRN E
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PR, Bond_SPOT AR 2 i 49 45 B 1 —hn B 18 #%
B HZAE 5 frzn , S+ Bond_SPOL AIFT
B EBE S HESHANE 4 Pin. R EEL N4
SRR IRRE f, AR RRGRE f. (BUEER
PEET R 0 52D » 4 7E T R B T 325 TR A%
Sy, SRR BROR BEI I35 S, , AR — AR 2%
PIRGREALER bR I A it it 2k DI 2R ORI BE 5 80 4R
WIBE R LUAEL, B 5 o K AR08 RIBE , 49 A% b —
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[18 ey AKX

A0 AR RHESE B XRYRE AT BN
0. 4. #84% OpenSees FPEEINE , £ 4 #,S5,=35S,,
5=0. 4,R=0. 6. X} TR 4R EE L, 430 F S, HIEL
EAR R SCHR[ 20-21 JHEFE A X FHATEIE.
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Sy =S, ol 80w /g ®

/
u, = 0. 7&/f(c+0' 4‘ZVfo/Df)2 o

uSRC — (140, 34/V,L;/D; — 0. 25)uE¢ (10)

U = 0,75/ F (c/dy)™ an
B
Bl e
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k!
0 s, 5, B

5 Bond SPO01 #=EVR AT Si—B B S Lk

1
S, — 9. 54[ d Sy (26+1) }7 10.34 (D Fig.5 Monotonic bar stress and slip response in
Y 8 437 «/f Bond_SP01 material model
% 4 Bond_SP01 £ R &R S HIE
Tab.4 The mechanical properties adopted in Bond_SP01 material model
N e Vi/% fy/MPa Sy/mm Sfsu/MPa S,/mm b R
S1 0 335 0.35 500 12.3 0.4 0.6
S2 0.5 335 0.51 500 17.9 0.4 0.6
S53,56~S8 Lo 335 0.63 500 21.9 0.4 0.6
54,55 L5 335 0.78 500 26.3 0.4 0.6
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Fig.6 Schematic representation of finite
element model
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Fig.7 Numerical and test results of typical hysteretic

curves of specimens
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Tab.5 Test characteristic values of skeleton curves

SRS P,/kN Ay/mm P /KN Arnax/mm P,/kN Ay/mm P
S1 27.12 8.17 32. 88 21.76 27.95 37. 94 4,65
S2 27.31 7. 69 35. 09 21. 69 29. 83 45, 03 5. 86
S3 28. 36 7. 86 38.02 23.25 32.32 63. 20 8.04
4 31.28 8.74 40, 64 22.41 34,54 61. 75 7.07
S5 26. 68 7.18 35.23 22.94 29.95 46, 88 6.53
S6 26.98 6. 87 33.72 22.16 28. 66 44,42 6. 47
S7 29.23 6. 58 36. 53 23.74 31.05 53. 41 8.12
S8 31.05 7. 80 37. 46 24. 08 31.84 59. 97 7.69
*6 BEMKTERBTABRERNER
Tab.6 Numerical characteristic values of skeleton curves
N e P,/kN Ay/mm Prse /KN Amax/mm P,/kN Ay/mm @
S1 28. 82 10.53 33.41 28. 80 28. 40 48,74 4,63
S2 29.98 9.61 36.12 29. 40 30. 70 58. 31 6.07
S3 31.88 9. 36 38. 40 30. 00 32.64 71. 50 7.64
4 35. 47 8.52 40, 02 30. 00 35.72 74, 65 8.76
S5 32.61 8.25 38. 30 30. 00 32.56 55. 85 6. 77
S6 29. 06 9.28 35.12 30. 00 29. 85 59. 16 6.38
S7 30. 27 9.24 36. 48 30. 00 3l.01 71. 50 7.74
S8 31.22 9.37 37.63 30. 00 31.98 71. 66 7.65
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Fig.8 Skeleton curves with different steel fiber contents
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Fig.9 Skeleton curves with different lengths of the SFRC region
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Fig.10 Influence of stirrup ratios on specimens’ skeleton curves
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Fig.11 Displacement ductility factors of specimens
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