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ABSTRACT

Most bridge piers were practically designed and constructed with lap spliced longitudinal reinforcing steels before
the 1992 seismic design provisions of Korea Bridge Design Specification were implemented. It has been known that
lap splice of longitudinal reinforcement in the plastic hinge region is not desirable for seismic performance of RC
bridge piers. The objective of this research is to evaluate the seismic performance of existing circular reinforced
concrete bridge piers by the Quasi-static test and to propose the need of seismic retrofit of existing bridge piers
through the damage level. Test specimens were nonseismically designed with the aspect ratio 40 which could
induce the flexural failure mode. It was confirmed from this experiment that significant reduction of seismic
performance was observed for test specimens with lap spliced longitudinal reinforcing steels. Pertinent seismic
retrofit was determined to be needed for existing RC bridge piers with the lap-spliced of 50% longitudinal

reinforcing steels.
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(a) Specimen dimension

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

Table 1 Properties of test specimens

N T M
‘e ‘ ~1] | Column Bar N = Cotumn Bar
4 . IV
Starter Bar Starter Bar
‘I'OAZSD TO.ZSD
“ e .. = I B -
IR 1 * . . L M A .

100% Lap-splice 50% Lap-splice

2y

0084

HT3 4

(b) Lap splice of longitudinal steel
250
ah
W ol I
HT

Cross-tie

(c) Detail of transverse steel

Cylinder Longitudinal steel (D19) Transverse steel (D10) Axial load
| swengin e (Mj;ya) &6 Detail (M];fa) &0 | e |6
NS-HT1-A-L2 Starter bars 100%
NS-HT1-H-L2 Starter bars 509
NS-HT2-A-12 Starter bars 100%
NS-HT2-H-L2 v - 121 Starter bars 50% | 0;}127 oo | 1500 7
NS-HT3-A-L2 ' (Z.) | Starter bars 100% (75 ’ (P [faAp
NS-HT3-H-L2 Starter bars 50%
NS-HT4-A-1.2 Starter bars 100%
NS-HT4-H-L2 Starter bars 50%
NS : nonseismic design, HT : detail of transverse steel (Fig. 1(c))
Table 2 Mix proportion
Max. size of Stump | W/C | Air S/a Unit mass (kg/m®) Compressive
coarse Agg. (mm) | (%) (%) (%) - strength
(mm) Water (W) | Cement (C) | Fine Agg. (S) | Coarse Agg. (G)| AE. (MPa)
25 120 50.1 38 48 126 349 869 909 175 25.3
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Fig. 3 Strain gage plan
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Table 3 Failure behavior according to drift level

Specimen it Tevel | 9259 05% | 10% 15% 2.0% 25 % 30%
NS-HT1-A-12 * * o o
NS-HT1-H L2 . X
NS-HT2-A-L2 * * .0 s
NS-HT2 H-12 ® * o 04 e n
NS-HT3-A-12 o * .0 %
NS-HT3-H-L2 * * 00 a
NS-HT4-A-L2 @ * e %
NS-HT4-H-L2 ® * o o % a

@: initial crack, % : yield displacement, <: vertical crack, @ : Maximum lateral force, A& : cover concrete spalling

B : buckling of longitudinal steel, % : ultimate displacement, * :

(a) NS-HT2-A-L2

(¢) NS-HT3-A-L2

Photo 2 Failure pattern
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test stop because of footing failure

(b) NS-HT2-H-L2

3 o] Lo oﬂ w}aw aﬂ] f‘fo = A

o]
(Cross tie) & Oﬂ fﬂﬁ} °4H 7401% AT 9l
9;12‘/} 3549 AIHYENA thavw} FEo] HYoh
FEAZ AAoleFol WE JF-HY olgFMele U
3l Z}o]l& Holil gt} 100% FdTo] Hzloldd Ald
A(NS-HT1,234-A-12)8] S drift level 1.0% F2o
A AgAsY =gd o) WrE AdATe] YERA
o FAZ FAuad o3 F4% %SH Havh Ay
Ak &, ATl AY UEVA] ¥a AR F
& E%’D}

701



384

(2004)

=1

Displacement(mm)
a9 96 0 9% V2 238

-188

-384

288 34

192

| ==F Hi6® 5

=1

5t

=

=

2
237

=2

e}

[

°

Drifi Ratio(%6)

-2

(h) NS-HT4-H-L2

%

2

Displacemeni(mm)
AR % 0

288

-384

T IR Pl " AR - S
o LB g - 3P 19 e &
B SE . 8 Ll F B - R T S S
- . =3 “ ] ¢ r AA o S [er & [t
E s BERE : B8 =
R R\ S § (gt P 8 gl - )
P : ; - - Ee Pl g &
Lo R S N L& N i} R . N
L "2 I £ R g 1 & AR I P
..m - mn , T : L] n...m & m.u " | nm h E
: °E & : g & R E g
m g = 4 | N g T A | gz F
R, N L R L L o 199 9 w,o
H ) _ m e m 2 : BE f--ar-iee-
£g. H ) e T = & & H o
- T R v = 8 R R R e < 8 T R e et I
mmmMMm ; . . m.w__mmd'mu N . memm Pod g mm,
¥ " g B! P gay Lo " : L4
dai di L) g Hafei-fiiid ] P O BRER
CEEEL B . : VIEogE8E T P %2ERe o g [fztct
#l1ri | L |83 | glisdie |} * |1agat
® 3 8m * * " * * 8n : m.
= =3 =3 - = = - = ! ! = M )
g§888°~8g§g¢e¢g EESR"E8ES 828888 E a,mmmmnmmmm
(pParoy praare (DD e (\ppJeatod perapery AR A
()0 Ferapey
T = v v ] m L m -
5 D e - N
- -8 -4 e g " 8 - =
— « o L4
m 2 -
1 h T
rm -- —md m - m -+ g m
: - [ =
' [N = N [aN| < [N} 1
. SR P ® A ) ® o - H
N er § ¢ £ £1 gl
_ £ L i 3 & i- 25 % |
NS R 2L _ I As
L 2T e | BT 4 Pl NS | §E TS !
RS " 2 A% " i el £ TN R 2 m.s P m
" . P AR S R A A A
i85 3 o | g8 it 3 o d5gi | 4 1 © Pl
bl ~ - v ( ¢ Al ~ B r-oqr-ebem et ~ H H H
e, K ey [ Tk IS R -
§3i B! 838 & SR g3t 81 |4 4 kLY ol
mm B * g mmmmm.:- B A § mhmqu:.-:q:-ﬁ.“:- * m..J m P
b i | iz iHE R di i NEERS
% P ® P el + [$S2LE P
IETREEET 5898°333¢8 28s8-833¢% § o
(\PDoOTO] Teaie ] (\PDeaz0 ] earey J A — g§888§°8§¢8 8
(PR0A Terare ]

0
Drift Ratie(%)

-2

(g) NS-HT4-A-12

4

£

Fig. 4 Lateral force - displacement hysteresis curves

702



oefA] 14121@741 EQjolAe Algd EaBEnZbfA
o9 FAZE Aol dud uzlgdse A7t
AL Ao7 J&‘i’r‘ﬂ_ﬂ} a8 50% FETo] Aol d
AIFA(NS-HT1,234-H-L2)| M= drift level 05%~15
% AtolollA] Gulzke] dde=o] WEE o]F 100% F
AZo] AHo|d AFAY R 2 FH 29| Haty)
A2 Qg FslFo| FA3] 7Aste, o] E3 HIPAH
P)e] TG tlgshe Ao Bekdd

Table 45 NBA) F2u9), F3ha9] € Mgy
2 YRtk FEESIE Fig. 500 Rolt vish o] 3
Zﬂ-?% TN AATADE( M) sk 99

V)& A 4343 43N 248 3=(M,)
754011 Fste FH0B V,)S Ave AT adS
A2F AN BRS FEU(4,)2 B 815
W oA HulEHo| w3 15% A7) i
Aste-S de] HAE FHHA(4,)E A3t ¥ o
Aez Fad. Table 491 Uk #Sl dA=m
(displacement  ductility) X% 100 %A A 01L& A1&A|
(NS-HT1234-A-12)% ok 25459 AATEE Yeh)zn
50% AHole AFANS-HT1234-H 12 35459
AMEE Holu Tk

FEWO= 100 %AHo] S NS-HI23-A-12A1 837}
0 %AZ0)lS AGA NS-HI23-H-L2¥t} 34 AL
Ao, e 50 % A o] &3 AlFPA NS-HI234~
H-L27} 100%#dolS A8 NS-HI234-A-128th
2 Ao% ZAHEJ = FEHYNE 100%H 0]
ANgAE wzte] TS A AHGYe] e
oldol] AMolgHe] FAuIR <l mzbe] 7o)
A 3t=ol(Fig. 6) AR FJEHA7 JFrtEe A
o7 Atk dvidoz Zawgs E AFANAY
AAolgFo] HLFE A WiHe AR B AT
Ao o3 Bugm QAR =mo0) 596 @
100% Adoled A mzke 8 A A &
Take W9 JAE 59 NS SEA K A
o= Algdth

b

12

Table 4 Displacement ductilities

Specimen 2;11?13 Uginr;a)te Di%&i(ttﬁir?; "

Ratio
NS-HT1-A-12 20.95 57.48 2.74
NS-HT2-A-L2 22.83 5892 2.58
NS-HT2-H-L2 19.89 84.60 4.25
NS-HT3-A-12 24.44 57.60 2.36
NS-HT3-H-1L2 2264 83.32 3.68
NS-HT4-A-L2 27.38 58.49 2.14
NS-HT4-H-12 2492 96.03 3.85
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Fig. 11 Strain of transverse steels
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Table 5 Damage index

M 0.25 05 10 15 20 25 8
NS-HT1-A-L2 0.198 0.399 0.816 1238 0.0199
NS-HT2-A-L2 0.193 0.388 0793 1.208 0.0234
NS-HT2-H-L2 0.134 0.268 0540 0.821 1106 0.0093
NS-HT3-A-L2 0.192 0.387 0.768 1189 0.0240
NS-HT3 H-L2 0.133 0267 0540 0.824 1.113 00125
NS-HT4-A-L2 0.190 0.385 0.79 1212 0.0379
NS-HT4-H-L2 0.117 0.234 0.473 0.720 0.976 1232 0.0114
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(b) Specimens with 50 % lap-splice
Fig. 13 Damage index
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