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ABSTRACT

It has been known that practically unavoidable lap splices of longitudinal reinforcement in the plastic hinge region
have a bad effect on the seismic performance of reinforced concrete bridge columns. Lap splices were usually
located in the plastic hinge region of most bridge columns designed before the implementation of the new seismic
design provisions of 1992 Korea Bridge Design specification. The objective of this research is to evaluate the
seismic performance of full-sized reinforced concrete bridge piers with lap splice of Jongitudinal reinforcement in the
plastic hinge region, and to develop an appropriate lateral confinement concept of RC bridge columns with
lap—spliced longitudinal steels in low or moderate seismicity region. Eight test specimens in the aspect ratio of 4.0
were made with three types of lap splicing, two levels of confinement steel ratios and two types of tie
configurations. It was confirmed from the Quasi-Static test that displacement ductility ratios were significantly
reduced for nonseismic test columns with lap spliced longitudinal steels but were satisfied the seismic requirement
for limited ductile design specimens. As a conclusion, pertinent lateral confinement content was proposed for the
seismic performance of RC bridge piers with 50 % lap-spliced longitudinal reinforcing steels in low or moderate

seismicity region.
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Table 1 Properties of test specimens

Cylinder Longitudinal steel (D19) Transverse steel (D10) Axial load
Specimen concrete f o f 0 Space P
¥ z Detail y s D Ratio
strength (MPa) (MPa) | (%) (MPa) (%) (mm) | (kN)
NS-HT3-A-L2 Starter bars 100%

Nonseismic | NS-HT3-H-1.2
design | NS-HT4-A-L2

NS-HT4-H-L2
25.3 350 1.01
MS-HT3-H-1L2
Limited  [njs-HT3-N-L2
ductile
design MS-HT4-H-1.2
MS-HT4-N-L2

Starter bars 50%

Starter bars 100%

0.127 200

Starter bars 50% Vid

Starter bars 50%

380 1,900 | fuA,
= 0.07

Continuous

Starter bars 509

0.22 115

Continuous

NS : nonseismic design, MS : limited ductile design, HT : detail of transverse steel (Fig. 1(c))

A -H-N: lap splice ratio(A : 100%, H : 50%, N : 0%)

SECTION A-A  SECTION B-B
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Nonseismic

400

L

3@200
=600

22@150-3,300
25@200=5,000

4.800

10@115=1150

(a) Specimen dimension

Fig. 1 Details of test specimens (unit : mm)

Fig. 2 Test setup
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(b) Lap splice of longitudinal steel
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Without Lap Splice With Lap splice

Lateral Force
———e

Limited Ductile

CF3

CF2

CF1

175 115 115

Starter Bar

(a) Longitudinal steel (b) Confinement steel

Fig. 3 Strain gage plan
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Fig. 4 Loading pattern
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Fig. 5 Lateral force-displacement hysteresis curves
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(a) NS-HT3-A-L2

(c) NS-HT3-H-L2
Photo 1 Failure pattern

NS-HT4-A-12 :

HWZ 100% FA20] AHole, 2

M Aol Sxafd T AJFAZA drift level 05 %9
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ge A o F3F Hds By
%N 24BATY WEea
959 Az 9L
H] WA 50 9% FZ 0] ZAzo)& 27H
A AHo|e Tum A2

NS-HT4-H-12 :

FTEe

o] % dhrift level 2.0
E7} gy 43

ANFAZA drift level 15/ ol A
Ad algol =gt FATEe] AZHIUGY. drift
level 209%°14 $Adel FUAHT ABZaz|Es}
H]—a]g].‘: HAbo] ZAH AT
AEZAYET}L 2H dokse B4 AAaE A¥S

olZ drift level 25%°)A

Table 2 Behavior of specimen at each loading sequence

(d) MS-HT3-N-L2

T2t MS-HI3-H-12 : 494 0% FHZ0)
HRols, UlA HAolg FZWEZ NPAZA dift
level 15%004 AAQ3AF 2 de] A=HA,
drift level 20%cl4 Ho a5 =HEHoH ofF
drift level 25%°lA #al5o] oF ) %&E 7HAskqict &=
Sk drift level 30 %014 443 FEEegdi o] B=E
°o]%, @101 Hd =EFHAt drift level 4%2] 2HA
cyc1e°ﬂ*1 FAZo| AgoZ FUHI drift level 5%l
A FHR 2709 FE o] JaEA,

MS-HT3-N-L2 : F820] HHolgo] gl guX,
N4 BRolg FxmAZ AIFAZA dift level 15%
oA AAdRATl FAFEo|l ASHJY drift level

Specimon Drift level| 0896 | 05% 1.0% 15% 2.0% 25% 3.0% 4.0% 5.0%
NS-HT3-A-L2 4 * @
NS-HT3-H-L2 4 * [ J A
NS-HT4-A-12 <@ * @
NS-HT4-H-1L2 <@ * { A
MS-HT3-H-12 & * o ¥ A n
MS-HT3-N-L2 @ * o A q |
MS-HT4-H-L2 <@ * L2 A |
MS-HT4-N-L2 @ * [ A Il
@ : Initial crack, % : Yield displacement, ® : Maximum lateral force,
A : Spalling, Y ! Ultimate displacement, B : Longitudinal steel fracture
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Fig. 6 Lateral force-displacement envelope curve
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Table 3 Displacement ductility

Specimen Yield Ultimate Disp}gcemer}t

(mm) (mm) ductility ratio
NS-HT3-A-L2 24.44 57.60 2.36
NS-HT3-H-L2 22.64 83.32 3.68
NS-HT4-A-L2 27.38 58.49 2.14
NS-HT4-H-L2 24.92 96.03 3.85
MS-HT3-H-1.2 26.06 115.87 4.45
MS-HT3-N-L2 26.32 237.60 9.03
MS-HT4-H-L2 26.95 94.81 352
MS-HT4-N-12 2511 2271.82 9.07
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