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ABSTRACT

Even though Korean peninsula is located in regions of moderate seismic risks, current seismic design provisions
of the roadway bridge design code have adopted the AASHTO code which is based on the requirements for high
seismic regions. The objective of this research is to investigate the seismic performance of circular reinforced
concrete (RC) bridge piers with limited ductility, which may be desirable in low or moderate seismic regions, such
as in Korea. Four test specimens were designed and constructed. The reference specimen was designed with
longitudinal steel ratio as 1.01% and the confinement reinforcement ratio as 0.13% without considering
earthquake, and three other test specimens were designed in accordance with a limited-ductility concept as 0.3 %
for the confinement steel ratio. This confinement ratio is 0.32 times of minimum lateral reinforcement specified in
current seismic design provisions, and 2.3 times of lateral reinforcement required in nonseismic design provisions.
The pseudo—dynamic test was carried out to evaluate the seismic performance of full-scale specimens in size of
1.2m diameter and 4.8m height. Judging from the experiment, the reference specimen was not satisfactory for the
demand displacement ductility ¢ =50, but three limited—ductility specimens appeared to have the displacement
ductility of more than b.
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Table 1 Analysis of existing bridge piers T2 101 %, sk 2] 013 %= AEAE A=
Details of existing sk =3k BuR A" wzte] FEES 447
bridge piers Reference - = .
C . 7 o] = AxlolL AE =3
Parameter Total |Sigmificant| specimen 7kl Fg. 1(d _)Q]r Zo] B Hilol gt AEA 17]‘?_
range | range Aean, Ea, 2R WRAAA 2o 4574
Diameter (m) 11~35 | 1.8~24 1.2 zZere YAz wze] A% A 1) 7o) HA AR
Size of ionlgitudinal D19~D32 D32 D19 TEHZ AR} HARHP
steels
oncimber of 20~172 | 36~72 40
ongitudinal steels A Fur fur (
longitudinal - = Max{0.45( £ 1) SR —} 1)
ongitdin®  1053~204| 10 1.01 A, 7 7,
Size of transverse D13~D19 | D13~D16 D10
. sftetels B oA"Ae] wZe] AMgd AANEARAE (=24
pace o ransverse — N
steels (cm) 15~40 30 20 MPa, £, =300 MPa)2] 4%, 2 (Dol wet Alibe wd
tTrla“StV.erf‘;) 0.05~025 | 0.1~0.16 | 0.127 el 3B8mmrt Heof ARTd H2upt og 22w
steel ratio (% .
- AT F2 w2 9 ZAE Y oFeS
Splice length of | g4 197 | 116~121 | 60
longitudinals (cm) W % qu), Ene, B Al okl Al &
Table 2 Properties of test specimens
Concrete | Aspect .Longltudmal steel § Transverse steel Axial Artiticial
Design Specimens | strength | ratio Yield | Steel | Lap Yield Steel Spacing | load rthauak
(MPa) (9) | strength| ratio | splice |strength| ratio (mm) | &N earthquake
(MPa) | (%) (%) (MPa) | (%)
Nonseismic |NS-HT1-A 100 0.13 200
_HTA- T2
i e 235 | 40 | 343 | 101 = 373 1863 | g 3@)
Limited |MF-HT4-N| ** ' ' 0 03 | 15 | 7
duetle MP-HT4-N 0 Kaihokus
(Fig. 3(b))

= 100%, H = 50%, N =

0% : Lap-splice ratio of longitudinal steel, HT : Detail of transverse steel (Fig. 1(c))

T2 : Korea Highway Co. artificial earthquake, Kathokus ' Japan Kaihokus artificial earthquake
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Fig. 1 Details of test specimens
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Fig. 2 Pseudo dynamic test scheme

. 3 .
Max. size of Slump | W/C | Air | S/a Unit content ( kg/m") Cosr?r;é;cgsts}ivc
coarse Agg. (mm)| (em) | (%) (96) (%) | Water (W) | Cement (C) |Fine agg. (S)|Coarse agg. (G (MPa)
25 12 50.1 38 48 126 349 869 909 235
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Fig. 5 Moment—curvature curve
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Table 4 Test results
Specimens 0154 g 02g 03g 04g 05¢g 06¢g 07¢g 0.8¢g Cyclic load
NP-HT1-A © O - - - - -
MF-HT4-H | Behavior of © ¢ A QO - -
———————— 1 each loading
MF-HT4-N | sequence © & A L
MP-HT4-N © < - - - - A B
NP-HT1-A - 26.09 53.44 99.73 - - - - -
MF-HT4-H | Max 17.44 28.69 54,94 63.75 93.19 162.13 179.00 - -
———————— displacement
MF-HT4-N {mm) 19.59 24.44 53.39 70.48 85.67 131.17 189.08 | 224.95 194.62
MP-HT4-N 22.44 41.25 111.11 209.97 - - - - 192.87
NP-HT1-A 6.57E-5 | 8.68E-5 | 2.31E-4 | 5.11E-4 - - - - -
MF-HT4-H Matx 6.33E-5 | 1.01E-4 | 2.25E-4 | 291E-4 | 440E-4 | 860E-4 | 9.30E-4 - -
————— 1 curvatures
MF-HT4-N (rad/cm) 8.12E-5| 1.06E-4 | 250E-4 | 3.34E-4 | 4.20E-4 | 6.77E-4 | 1.07E-3 | 1.22E-3 1.03E-3
MP-HT4-N 6.17E-5 | 1.18E-4 | 4.66E-4 | 1.26E-3 - - - - 1.10E-3

© ¢ Initial cracking, < : Vertical crack, & : Cover concrete spalling, Il : longitudinal steel fracture,

@ : confinement steel fracture
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Fig. 6 Definitions of yield and ultimate displacement
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9ok 4 Table 4% Table 5 VR ulsh go] % FE MARATS /1Y 2 EISKE vwAd A
W %G8 B8] 02014 vhebgth ol B T & 2HIA T Beely AR B2, ol
2N AAZIEANA At Y W 15Fae] A7 W, AR5, 229 wW2dd, S99 AR wE
TR 0154 golME B e WA ¥ Aow ool AdE UERd
ehtrt, d22aE w7te) i Aed "7kl Helde
AR BN 7P F EAge] Ve AR A
33 He-TE AT A TH/PL ol SR8k, o] AR PR HAHTR=
TR FEANY W sddn ok aeu, H3e
AL F2FA 71540, 71%Y TEEUd o T FEE P Ao offy] wiel MY S8
EF2EY ANE HEH AowA, A YA F2E Aol ARAAE BlA Hoh &4 FEIES A
Table 5 Analysis of displacement and curvature ductility (Displacement : mm, Curvature : rad/cm)
Analysis of displacement ductility Analysis of curvature ductility
Specimens 4, 4. Ha by 5. g
Def. 1 Def. I Def. I Def. IT Def. 1 Def. T Def. 1 Def. IT
NP-HT1-A 22.94 2167 51.07 2.22 1.85 796E-5 | 1.04E-4 2.26E-4 2.84 2.17
MF-HT4-H 24.22 36.40 116.00 4.79 3.19 87HE-5 | 1.27E-4 8.03E-4 9.18 6.32
MF-HT4-N 20.70 34.20 22495 10.87° 6.58" 740E-5 | 1.36E-4 | 1.21E-3° 16.40° 8.92"
MP-HT4-N 31.06 43.32 210.00° 6.76" 485" 1.25E-4 | 1.32E-4 | 1.16E-3 932" 883

* When ductilities of two specimens(MF - MP-HT4-N) were calculated, ultimate values were maximum values of
each tests. Therefore, real ductilities will be higher values than those.
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