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ABSTRACT

The objective of this experimental research is to assess the seismic performance of circular RC bridge pier
specimens retrofitted with fibers which were designed as a prototype of Hagal bridge in the city of Suwon, Korea.
Pseudo dynamic test has been done for four(4) test specimens which were nonseismically or seismically designed by
the related provisions of the Korea roadway bridge design specification, and four nonseisemic test specimens
retrofitted with fibers in the plastic hinge region. Glass and carbon fiber sheets were used for the seismic capacity
enhancement of circular test specimens. Important test parameters were confinement steel ratio, load pattern, and
retrofitting. The seismic behavior has been analyzed through the displacement ductility, energy analysis, and capacity
spectrum. Approximate 7.7~8.7 displacement ductility was observed for nonseismic test specimens retrofitted with
fibers subjected to Korea Highway Cooperation artificial earthquake motions. It is concluded that these retrofitted test
specimens could have sufficient seismic capacity in the region of moderate seismic zone.

Keyword ¢ pseudo dynamic test, RC bridge pier, retrofit, input ground motion, seismic performance, ductility
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Table 1 Specimen designation and artificial earthquake property

. Long. steel Space of
Diameter/ ) . .
Classificati Specimen Height/ Ratio/ confinement Artificial | Input ground motion
assitication designation” cight | Confinement steel(cm) carthquak
Aspect ratio| o1 oo | PHR? INPHR®| (PGA) | Sequence | PGA
Nonscismic design N-LP1 11% /023% | 125 | 125 1 0.1542
.. . . o ; Korea 2 0.220g
Seismic design 5-LP1 11% / 230% | 30 45 highway 3 0.300g
TYFO SEH5I1 Fiber glass F-LP1 1.1% / 0.23% corporation 4 0.400g
S0cm/ 125 | 125 | (0209 5 0.5002
CAFGL 1000 Fiber glass | D-LP1 Loy L1197 028% 6 06002
Nonseismic design N-LP2 .%8 11% / 023% | 125 12.5
Seismic design S-LP2 11% /230% | 30 | 45 | Kaihokus ; gégég
g
TYFO SEH51 Fiber glass| — F-LP2 1.1% / 0.23% 25 | 125 (0.36¢) 3 0.260g
SK-N300 Carbon fiber C-LP2 11% /023% | '
1) N @ Nonseismic, S @ Seisemic, F © TYFO SHES! Fiber glass, C @ SK-N300 Carbon fiber, D : CAFGL 1000 Fiber glass, LP1,2 : Load pattern 1,2

2) PHR : Plastic hinge region
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Table 2 Scale factor

Quantity Dimension Scale factor
Length L S
Mass M g?
Time T S
Stress ML IT?
Velocity LT! 1
Acceleration LT 1/5
Force MLT™ g?
Stiffness MT™
Damping MT! q?
Natural frequency T! 1/S
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Table 3 Physical property of retrofitting material

Classification Tensle Sugpath | Teneile Mol | Blongation(%) Thicknsss
TYFO SEHSI fiber glass 5,600 252,000 2.0 1.3
CAFGL 1000 Fiber glass 5,000 250,000 2.0 1.0
SK-N300 Carbon_fiber 35,500 2,350,000 1.5 0.167
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ANEGA AEAA FEN77) A BAERe A= € UEhi7] Alzketglen, wiidl 2 jadgAe 25
TYFO SEHSIAIEL 1382 mm, CAFGLIO00AIES 1548 7153 7)zeke HARTAA Hu FWHo] LA
mm, SK-NJO&AF= BAFA7E 029 mm ek Ao W] BANEAE 7220 5 emT AGE
A5 240 Fxse] & o 7|54 13t 2oz BAE AANLAA Al Il 24
3 =

AF7ke] SRR DTN SRl e
SRRD2~DFNANE #Lo] 119 nol
. webd Fig 300N RojF el o] Som
AAF0F SHE U2 el 248 B0 B
127 GOR 142 A PEoE
A WAARAG USSR By,

o H

» by

1

TR NI IO}
i o faca
Uﬂ..lu:o?::ﬂlu

3. &8 Ay
31 ME

FASHAY A dE A 2 99
sElope AsuR M 3 WAAgAE EE
sl F32 A A3H0R TR0 s
B¢ 29T, KHCABARNE 98 3302 2847
2 4% 070g % 00gNA 47 8% v AL wo)
& o] Kahokusl 34599 494 02¢ 2 0% g
e POANA HE 53] @9 ugrh ol Fig 2

B0
Loz 1o

¢

O

B0 fduA W R wdday M
o 9wy HEHow Hhvh Azke fudiE B
oJHA pETo] FHAsh= I S BHHow, KHCY
FA o] el 090 g~1.0 g7HA Adle] =3 Wz
AsS Hol Folom Fg 4:  FAEAARA
actuator 258 dojx|= B335} Explicit Newmark®
Hol oJg] At AoiMAES AT £ 7 A9
e sta-He olHIME Hof £ ik

FES A 7171 TR dAEHA ARA Y

A7 ol Fig. boll e F&= wvpe} o] 7}
Z} AR Z SY clip gaugeE F-2Hste] A3l o
IPIA%A e EAAT= Fig 6o Bof %1 9t} Fig 6

e AL & 471 Atk L2238 A1 E Kaihokusel 34
Aste] 7] 2zxRTA HEd F¥dd 93t clip
gauged BoR XEFME FHshA] Xt

- oX
ot
N
-1
)
=2
s
1o

k0

L

B{_:
M
o
ijo
=
22
ol
ol
>
Ho
Ol
ol
2

N-LPIAZAE 070 goll~l, S-LPIAEAE 090 golA,
F-LPIAEAIE 10 golA FHZodE Bom, N-LP2
AAE 022 gollM, S-LP2, F-LP2 ¥ C-LP2ARA=
026 gollM F2 shdg Bt

IRl BTt 085 Vi ™®olatz AsEA]

Lol & Bskal 24877 FAo] siete] &
a1 we} FET] g wEEln Yokedn B
T2 B2} 085 Viax 0812 ABHEAS WS T34
HZ Aostn 1 AlE7HA ZAPs AdHYE S
Z o8

Fig. 9914 Aol gBm(4,)9} Fahgl(4,)d o
2 MYANE( 1= 4,/4,) 2 AR RAARAY ¥
A= wE z A3 MYANEEe] FHAA

NP Y8 22 232l DZ0| YRS T M SAIER Al 183



0.154g ~ 0.70g

30 60

| N-LP1

Displacement(mm)

F-LP1 |

(a) KHC Artificial earthquake

Fig. 4 Hysteretic curve

184

90

Displacement(mm)

| |
/'//,
=250 -200 -150 100 -BOAE /6 5 100 150
Displacement(mm)
N-LP?
=200
Z200 1
§150 F
5100 "1
0.154g ~ 0.26¢ A
1 N | l l/ 1 j
/"’/,' /
250 -200 150 YA o 100 150
L Displacement(mm)
[ S-LP?
-200
Z200
X

50 100 150
Displacement(mm)
F-LP2
-250
Z 200
0.154g ~ 0.26g |“
250 -200 -150 -100 50 100 150

/" Displacement(mm)

(b) Kaihokus Artificial earthquake

= ARIEEE] =2y M43 22(2002)



\/\f
14em D:tF
4cm .. .
4cm . : ‘
14em [l:i‘; Ca
4cm .
ldem D’__‘i Lo
3em S

Fig. 5 Clip gauge setup

0.7 ,
N-LP1 . +0.154g(9)
06 +0.154g0) |
~+0.22g(+)
0.5 /‘1 +0220() |
04 = 034()
£ /il ~0.30(-)
§ 03 1 - 0.4gl+)
I Wt —0.4g(-)
) L)
) s
0.1 by —
N Ve
N
0
-008 -006 -0.04 -0.02 0 002 004 006 008
Curvature (radfm)
R mryr
=~ N F-LP1
06 | *-0.154() coe
7 |+-0.229(+) ] ll:
0 | 0220) i
= R
E o, | 03000 )
< 0.4 1—0.40g(+) V7 \
Pl | | A / (l \\;\
%031 0.50(+) - f 1’ ; <
27 osm) | 1 \ X\ \,‘ }/
02 |+ 0.60g(+) S R
~0.60g(-) \ \\ I //
0 |® 0.705(+) i W
| = 0.70g(-) \K /R
0 [ Vg .
-008 -006 -004 -002 0 002 004 006 0.08
Curvature (rad/m)
Fig. 6 Curvature analysis
0.05
Longitudinal steel 0.70g 4 =% 0.80g > 1.00g
0.04 [ streln of LP1
0.03 —h
T 0.02 } } l B
€ 0.01
-~ . M |
E T -
g -0.01 B
& -0.02
-0.03 | TYibien
-0.04 | T"Hbien
0.05 X . . .
0 5000 10000 15000 20000
Time(sec)
Fig. 8 Steel strain analysis
AMREZ 2E F2 232E nZ210| UNIMS SRelof Bist A

Continement sieel gauge

T4 Longitudinal stesl gauge

\

/

w
B A

[Non-seismic design specimen)

—F

e {A-A Section detail)

Confinement steel gauge

Longitudinal steel gauge

;
/

[Seismic design specimen]}

Fig. 7 Steel strain gauge setup

[B-B Section detail]

07
S-LP1 . ~0.154g(9)
06 E = 0.154¢(-)
' '] ~0.22g(+)
i --0,22(-)
0 | ~ 0304
Eoa Wil \ ~0.3(-)
e A7 T -+-0.4g(+)
z RN —0.4g()
303 TAAFT TS ~05q%)
/ /,7 LN +0.59(-)
02 - 7 /’ ) AN ~-0.6g(+)
| [ ~0.6g(-)
01 =~ .
0 S
-008 -006 -004 -0.02 0 002 004 006 008
Curvature (radfm)
0.7
R P |~ 0.154g(+)
' I \\ . ||+ 0.220(4)
/]! i = 0.229(-)
05 m AR ‘|~ 0309
oy A LIS ~0.305(-)
- / \ \\'\ 'w“ N 0409(+)
I} \ i ~0.40g(-)
303 \ \ " U ~0.60(+)
/i 47 -+ 0.60g(-)
02 \\ /',,f P ~0.500(4)
01 I - '| -+ 0.50g(-)
- N | A i| - 0.70(+)
R 0.70(-
0 : (-)
-0.08 -0.06 -004 002 0 002 004 006 008
Curvature (rad/m)
0.05 1, Longitudinal steel strain > 0.229 > 0.26¢
0.04 l of LP2 IL
0.03 =
T 00 L I
$om N
E i
v
[N
S 0.0t v V\ \/ WU |
— T-LP2S- i
-0.03 H —c- -
e —
-0.04 : : . . !
0 1000 2000 3000 4000 5000 6000 7000
Time(sec)
5 48] 185



A % (normalized displacement ductility)S ¥43) & A3
£ Table 4914 HoiF1 Qir}. Table 49014 HoF+= wp
o 2ol AfEZ AgAE v vls) 1.2~15
o REe] wuadsgel e AL HAFu gl
g WALAEA Y HAANEE nuRAgA ] Hlg) 1
4~1582 A{u7te sRAAAYEAE WAL
Aok v WAGSE /L Y AeE Jehit
nebA Ared doEaziEnz AgAE KHCYFA
Aol dhaiA FE d45EE 7T e Aes #

12 M

o
U
e BN
L e
eI
g
X
r
oz
=2
o
R
b
R
]
N
oX
9‘_11
W® —

FoAERel o8 WAYEAIES o83l

!
Nk
(i
N
)
=
oxl
e
s Ti.j
30,
e
N
o|
4
O%
&
N
=
olr
&
o
D)

s Qe qgadege o8 Wadse Wt

A
A3l S7HdRuE 4 @9 Ak (Takeda model)

£e=0.05+ (1= =NV u—Wp)/n @

The experienced maximum displacement before
Force the fracture point of longitudinal steel or
confinement steel

Vi

0.75Vi|-

/ The fracture poinrof longitudinal steel or

confinement steel

Fig. 9 Definition of yield & ultimate displacement

Table 4 Displacement ductility

Displacement Normalized
Specimen ductility displacement
(ny=4,4,) ductility
N-LP1 6.3 1.0
S-LP1 9.1 15
F-LP1 8.7 14
D-LP1 7.7 1.2
N-LP2 6.8 1.0
S-LP2 9.7 14
F-LP2 10.3 15
C-LP2 10.2 15
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