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Units are in (cm)

Fig.1 Dimensions of PRCpiers.
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Table1l Experimental variables.

Series|Spec. Variables of PRC Pier Specimens Flexural | Shear Disp. Test
No.| M | Crosesec. Reinforcing Bars & PC Shear Normal Stress | Copeclty | Capuclty | o o | Ductllty | oo
Prestress Tendons in Cross Section Reinforcement (MPa) Pl | PSou Factor®
Ratio ()| Dim, | a/d | Rein. | % PC % | Tis P, |adal| pc | GN) | (kN) Rgf,f; )
S-1 0.00 40%40 | 4.05 | 32D13 | 2.65 X X Dé@3em 047 1.0 0.0 208 327 1.59 85 Cyclic
b S-2 0.64 40*40 | 4.05 [ 16D10] 0.79 |8 SWPR7B ¢ 12.7| 0.63 | Dé@3cm 047 1.0 4.0 182 315 1.73 7.1 Cyclic
$-3 0.00 40%40 | 4.05 | 32D13 | 2.65 X X D6@3cm | 047 1.0 0.0 205 327 159 10.5 PSD
S4 0.64 40°40 | 4.05 | 16D10]| 0.79 {8 SWPR7B ¢12.7] 0.63 | Dé6@3cm | 0.47 1.0 4.0 182 315 1.73 6.6 PSD
E-1 0.00 30°30 | 4.20 | 12D16 | 2.68 X x D6@T7em | 0.27 1.0 0.0 116 137 1.18 6.6 clic
E-2 0.25 30°30 | 4.20 | 10D16 ] 2.22 2SBPR ¢13 030 | D6@Tem | 0.27 1.0 15 133 142 1.07 6.0 Cyclic
E | E3 0.21 3030 | 4.20 { 12D161 2.68 2SBPR ¢13 | 0.30| D6@S.5cm | 0.34 1.0 15 143 163 114 6.1 Cyclio
E4 0.37 30*30 | 4.20 | 10D16) 2.22 2SBPR ¢ 17 0.50 | D6@5.5em | 0.34 1.0 30 150 166 1.11 5.3 Cydlic
E-5 025 30%30 | 4.20 { 10D16 2.22 2SBPR ¢ 13 030 D6@7em | .0.27 1.0 15 133 142 107 74 PSD
)P, =As/b'S
where As : area of shear reinforcement, b : width of cross section and s: spacing between shear reinforcement.
2) ultimate displ / yielding displ

in which, ultimate displacement : displacement when load reaches 80% of maximum load carrying capacity.

yielding displacement : as shown in Ref '®.
3) Cyclic:: reversed cyclic loading test, PSD : pseudo-dynamic test
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Table 2 Mechanical propertics of materials.

Yield | Ultimate | Young's
Material Type Strength | Strength | Modulus
(MPa) (MPa) (GPa)

SD295 D3 249 401 192
Reinforcing SD345 D6 387 566 206
Bars SD345 D10 401 565 206
SD345 D13 391 567 206
SD345 D16 403 597 202
SWPR7B ¢ 12.7{ 1753 1935 191
PCTendons| SBPR ¢13 1349 1432 - 198
SBPR ¢ 17 1197 1281 203
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Table3 Experimental variables used for

pseudo-dynamic tests.
Mass | Initial Input Time
Specimen | (t) | Stiffness | Acceleration| Scale
(MN/m) (gal)
S-3 378 16.6 563 1.00
S-4 36.7 16.1 474 1.00
E-5 18 13.8 1227 0.50

3. EV=XTikS Y V—XL B8R, shiFfmhicst
THEAMM ALY 12 BELNXRAKSIZEETL
THEY, HITBRRETANENE AL EBELE
HDT, TVR ML REBAIC X BEANFREEINIERIRIC
DNWTHEETT AL EERNE LTS, CheRER
LT, AiZE1 (A=00), E2 (A1=025), E3 (A=021),
E4 (A=037), BS (A=025) & U7=. PRC f5{EDH
FEEWThE R b T a vy ART, AV )—MT
Bk, 220 — MOFREOREICE L2 PC #HH
®BBEXh, 7VAMVRDBEAZRE OV )—D
EEHTHEARE X 30MPa TH .

(2) =BAE
a) BEARBHIETRR

HERIR S-1~2, E-1~4 IZ DWW TS EU E A R B EiTE
BETolk. ERIEEMEETITY, 1Y1 J)VOBEK
BRI RS (R iR SRR E
TORX) T 1200 LRBLDIHELE. S IV
DRDELUOEIL 1 RITHB. Tz, 2HEUKIC 1.0MPa
DS HEBELTWA., JOBE, BAEDKNIE
OO FTHISHIEII—ELRD LS ICHEFY v v X &H
UK 2Tz, Fig2 IR ERT.
b) HEESBANIT & BIRENAYSEER

HEA -3, S4, ES BB IIC X AEEH (2
¥aA—-FA LS L) FEEToR. ASI LRI
FUERRERHEIC X D R SRS A THRAlI I INE
BB NS RAEREGE. ASLEERIE, Stk
DBRAIGEIBERINTIFE UIZR 2 &5 IChEERIE:
RSB E A L=, Table 3 I ATRIEO#EER T .

CREMEBRETIICY ST, OV Ya—FTFbh3

29

5B BRAT DA S & LT, Operator-splitting(OS)
method ? % V2. RFEEIGERDBREMEIZ AT
BOSMEDNIBIEBNE NS L, ), Newmark DS
BOLSICHEREER TR 2L, BRICHEERD
BIEBTEIZEDONEDDS. BB, FEERHWE
Rzl (AT) 100025 TH5.



200 E.::,.............,........‘...,..‘:...... Pyyeoas s nae a _:

100 E:.i--.-..-...-... .-----.---.--; goy foffeface -..--.é-;

g i ]

& [ Vot / ]

g’ 0 / / e ]

100 it 2: ; =]

-200 :_.iu........“. ............%............k.. e ._:
ST SN S B

-100 -50 1] 50 100

Displacement (mm)

a) Specimen S-1(RC, A =00).

200 |-+

100 |-

Z i

[ -

7 [

d i

-100 [
200 '_. s g
T B | N R
-100 -50 0 50 100

Displacement (mm)
b) Specimen S-2 (PRC, A =0.64).
Fig.3 Load-displacement curves (S-1and S-2).
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Fig.4 Characteristics of S-1 and S-2 specimens.
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Fig,7 Time histories of displacement obtained
from pseudo-dynamic tests (S-3 and S4).
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Fig.13 Comparison of displacement-time histories for specimen S-4 (PRC, A= 0.64).
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Fig.14 Comparison of load-displacement curves for specimen S-4 (PRC, A = 0.64).
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Fig. 16 Spectrums of residual drift ratio for Hyogo-Ken
Nanbu and Miyagi-Ken Oki earthquakes.
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SEISMIC BEHAVIOR OF PARTIALLY PRESTRESSED CONCRETE PIERS
Hiroshi MUTSUYOSHI, Wael A. ZATAR and Takeshi MAKI

Based on the experience obtained from the Hyogo-Ken Nambu 1995 earthquake, a reduction in residual
displacements is necessary to achieve seismic resistant bridges. The objective of this study is to investigate the
effectiveness of partially prestressed concrete (hereafter PPC) to reduce residual displacements of bridge piers. A
series of experiments was carried out using small -scaled pier specimens. The experimental program basically showed
an effectiveness of using PPC to reduce residual displacements after earthquake excitations. Additionally, & new
hysteretic restoring force model for PPC piers was proposed and its applicability was verified. Furthermore, inelas tic

residual drift ratio spectrums were introduced for piers having different quantities of prestressing tendons.
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