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Displacement Ductility Ratio of Reinforced Concrete Bridge Piers
with Lap-splices
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ABSTRACT >> As internal and external seismic experiment results, the seismic performance of RC bridge piers is largely
dependent on the ratio of lap-spliced bars to all longitudinal reinforcing bars in plastic hinge regions, and confining effects of
transverse reinforcements. Capacity and displacement ductility of non-seismically designed existing RC piers are reduced by lap
splices in plastic hinge regions. The provision for the lap splice of longitudinal reinforcing bars was not specified in KBDS (Korean
Bridge Design Specifications) before the implementation of 1992 seismic design code, but the ratio of lap-spliced bars to all
longitudinal reinforcing bars in plastic hinge regions is restricted to 50% in the 2005 version of KBDS. This paper presents a
seismic assessment of RC piers at lap-splicing ratios of 0%, 50%, and 100%. Through a comparison of experimental and analytic results
of RC piers, we introduce an appropriate ultimate strain of confined concrete in plastic hinge regions with lap-splices, and propose
a method for estimating displacement ductility ratios of non-seismically designed existing RC piers using fiber element analysis.

Key words lap-splices of longitudinal bars, displacement ductility, RC piers, fiber element
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Detail of specimen

Detail of finite element model
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. Analysis(XTRACT)
Experiment + RCAHEST _ .
2w (e, =0.004+a ) )
Vinax Sy Su u Vinax &y Su I
(kN) (mm) (mm) (9] (kN) (mm) (mm) @
FS-H-LS000 1265.0 16.50 58.00 35 1090 12.13 41.59 3.4 1.02
NS-HT2-N-L2* 588.0 23.40 73.40 3.1 572 25.54 85.37 33 0.93
NS-HT4-N-L2* 599.0 23.80 92.00 3.9 567 25.33 101.30 4.0 0.98
SC3 254.0 39.00 175.5 4.5 255 26.54 129.90 49 0.92
N-SP00-P1-R0O 2473 19.97 79.81 4.0 199 16.06 62.89 3.9 1.02
2.5N-SP00 342.1 11.60 60.04 52 318 5.26 29.54 5.6 0.93
3.5N-SP00 190.2 15.90 77.60 4.9 217 9.69 50.03 5.2 0.95
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. M-¢ Analysis M-¢ Analysis
E t + RCAHEST -
o oo T RO | : pazacea o] @IE AR 0000 | |
= Vmax Sy Su uw Vmax Sy Su L Vmax | 6y Su L
(kN) | (mm) | (mm) | (1) (kN) | (mm) | (mm) | (2) (kN) | (mm) | (mm) | (3)
FS-H-LS000 1265.0 | 16.50 | 58.00 3.5 1107 | 12.28 | 28.48 23 1107 | 12.28 | 23.97 2.0 1.52 1.75
NS-HT2-N-L2* | 588.0 | 2340 | 73.40| 3.1 578 | 25.70 | 59.21 2.3 578 | 25.70 | 52.87 2.1 1.35 1.48
NS-HT4-N-L2* | 599.0 | 23.80 | 92.00 3.9 578 | 25.70 | 59.21 23 578 | 25.70 | 52.87 2.1 1.70 1.86
SC3 254.0 | 39.00 | 175.50 4.5 244 | 26.31 | 87.02 33 244 | 26.31 | 79.40 3.0 1.36 1.50
N-SP00-P1-R0O 2473 | 19.97 | 79.81 4.0 200 | 16.10 | 41.00 2.5 200 | 16.10 | 28.12 1.7 1.60 2.35
2.5N-SP00 342.1 | 11.60 | 60.04 5.2 323 5.30 | 12.58 2.4 323 530 | 11.92 22 2.17 2.36
3.5N-SP00 190.2 | 1590 | 77.60| 4.9 221 9.77 | 25.42 2.6 221 9.77 | 20.62 2.1 1.88 2.33
bz o+ 4.16 2.53 2.17 1.65 1.95
FEHR} 0.75 0.36 040 | 029 0.40
(& 6) HHME H[w(50% ZZEI0[S)
. M-¢ Analysis M-¢ Analysis
E t + RCAHEST -
oy TR (R : PEEARIE,, —000m)]| (EF71E : M =000 | (o |
= Vmax | Oy Su w Vmax Sy Su L Vmax Sy Su L
(kN) | (mm) | (mm) | (D) (kN) | (mm) | (mm) | (2) (kN) | (mm) | (mm) | (3)
FS-H-LS050 1096.0 | 13.50 | 40.00 3.0 1078 11.96 | 24.50 2.0 1078 11.96 | 19.60 1.6 1.50 1.88
NS-HT2-H-L2 695.7 | 32.10 | 84.60 2.6 560 | 24.87 | 51.13 2.1 560 | 24.87 | 4391 1.8 1.24 1.44
NS-HT4-H-L2 6354 | 33.20 | 96.03 29 560 | 24.87 | 51.13 2.1 560 | 24.87 | 43.91 1.8 1.38 1.61
SC2* 251.0 | 39.00 | 117.00 3.0 247 | 25.50 | 74.03 29 247 | 25.50 | 63.30 2.5 1.03 1.20
N-SP05-P1-R0O 237.1 | 18.72 | 46.93 2.5 195 | 15.65 | 25.75 1.6 195 | 15.65 | 2341 1.5 1.56 1.67
2.5N-SP05 300.0 9.82 | 24.08 2.5 324 5.12 | 10.57 2.1 324 5.12 9.41 1.8 1.19 1.39
3.5N-SP05 181.1 | 14.50 | 38.20 2.6 213 940 | 18.57 2.0 213 940 | 1691 1.8 1.30 1.44
b o+ 2.73 2.11 1.83 1.31 1.52
¥ 92t 0.23 0.39 0.32 0.18 0.22
(27) HYIHET H[W(100% ZHEO[S)
. M-¢ Analysis M-¢ Analysis
Experiment + RCAHEST -
HoL . F&EFIYEe = 0.002 E=37|E 0 F Ak, = 0.003
73 (s i )| EFIE ARG =008) |y | ayis)
Sy Su w by Su w Sy Su w
Vmax Vmax Vmax
(mm) | (mm) | (1) (mm) | (mm) | (2) (mm) | (mm) | (3)
FS-H-LS100 886.0 8.60 | 21.80 2.5 1042 11.55 | 17.35 1.5 1078 | 11.96 | 19.60 1.6 1.67 1.56
NS-HT2-A-L2 624.2 | 29.60 | 58.92 2.0 548 | 2435 | 36.84 1.5 560 | 24.87 | 4391 1.8 1.33 1.11
NS-HT4-A-L2 587.0 | 30.50 | 58.49 1.9 548 | 2435 | 36.84 1.5 560 | 24.87 | 4391 1.8 1.27 1.06
SC1 253.0 | 28.00 | 42.00 | 1.5%* 233 2496 | 48.84 2.0 247 | 25.50 | 63.30 2.5 0.75 0.60
N-SP10-P1-R0O 1953 | 15.70 | 25.75 1.6 181 16.39 | 18.22 1.1 195 | 15.65 | 2341 1.5 1.45 1.07
2.5N-SP10* 315.0 7.46 | 10.83 1.5 313 5.13 7.47 1.5 324 5.12 941 1.8 1.00 0.83
3.5N-SP10 173.4 | 11.90 | 23.50 2.0 211 9.33 | 12.96 14 213 9.40 | 1691 1.8 1.43 1.11
bz o+ 1.86 1.50 1.83 1.27 1.05
FZHA} 0.36 0.26 0.32 0.31 0.29
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