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A Study on Seismic Performance of Circular Steel Bridge Piers with Diaghragm which have Concrete Filled Repair

KHBT, SRS, D2, FARMETT
Tatsuki OTA, Moriaki SUZUKI, Yoshiyuki SHIMAGUCHI, Tetsuhiko AOKI

Since HYOGOKEN-NANBU Earthquake in 1995, a large number of researches on the
seismic performance of steel bridge pier have been carried out. However, there is very few
research for the repair method of the steel bridge pier that has been damaged in earthquake. The
research on how to repair severely damaged steel bridge pier has been conducted by the authors,
but the repair effect for the steel bridge pier that suffered minor damage has not been revealed.

In this study, the repairing effect of filling concrete for circular steel bridge piers which have
different degrees of damage is to be verified. First, four damage levels were assumed from
general load-deflection relationship. Static cyclic loading tests until reaching their
predetermined damage levels were conducted. After filling the concrete inside the specimens,
the same static cyclic loading tests were carried out to clarify the seismic performance of

repaired piers.
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ILTHTIFIZ 6 L TENE I 14%3 LU 23%: < 72 Dif
Bllpot-.
X-3.6(C)IIRTHEL L 4 TIE, U VY —XTEFE
IS S 75 0.5D, 1.0D H (T 5 KA Aaf BB SRR R LT
3 - 3 3 -
, | vR2 5 , | vRa
1 1 1 ‘//////’
> >0 >0 A4
2 2 2 i Ll
3 Bk 3 3 %
-20 -15-10 -5 0 5 10 15 20 20 -15-10 -5 0 5 10 15 20 20 -15-10 5 0 5 10 15 20
8/8y 85/8y 85/8y
(a) CL2-GF0.5D-S (b) CL3-CFO. 5D-S (C) CL4-CFO. 5D-S
z z LRJL3 2 LRIL4
1 1 1 S ,/
20 20 20 Al Iy, .
2 3 287 | - - —wrw 2 e | - — —FEE
3 BE® 3 % 3 BEE
20 -15-10 -5 0 5 10 15 20 20 -15-10 -5 0 5 10 15 20 20 -15-10 -5 0 5 10 15 20

§/68y
(d) CL2-CF1.0D-S

§/8y
(e) CL3-CF1.0D-S

®-3.5 KEME-KFECBEEMBR (S )—X)
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8/8y
(g) CL4-CF1.0D-S



2.5
2.0
1.5
>
S
1.0 -
gy (|_2-CF0. 5D-U
0.5 il (|_2-CF1. 0D-U
ey (|_2-CF0. 5D-S
0.0 L 1| e G| 2-CF1. 0D-S
0.0 5.0 10.0 15.0 20.0
8/6y
(a) #EELANL2
2.5
2.0
1.5
>
<
T10 =
- - %ﬁnnﬁ
X emmgpe (G| 3-CFO0. 5D-U
0.5 fl— (.3-CF1.0D-U
== CL3-CF0. 5D-S
0.0 - 1| === CL3-CF1. 0D-S
0.0 5.0 10.0 15.0 20.0
8/6y
(b) #EEHELARLS
2.5
2.0
1.5
>
S
1.0
- A
0.5 g (| 4-CFO0. 5D-U
: = (| 4-CF1. 0D-U
ey (CL4-CF0. 5D-S
0.0 —O— CL4-CF1. 0D-S
0.0 5.0 10.0 15.0 20.0
8/8y
(c) #EEHELRILA

B-3.6 @ik

4. EEHEDH

KR TAT o T BE VNNV ORR DG EDa 7 ) —
FFREBEEIZONWT, RIKTPAIE, Bt JOWAER
OEZEEICFHET 5. Hiinis & RS OmMEMRE CRhIE
SHDENSIHEND, FEREIT U CTRRAKEm BT
+10%, ML £20%, FEMERIEHSELL EAEE L
Lo LTt 5 9.
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41 JFRKERES K URIEIC & BEFE

4.1 ITH RISk 2B % O R RKERIE O s
K OGS ORERIMI T 2 EME % O PRI A
Y

#-41 L0, BEHZORKKEWETETSE, U
) — X% CL2-CF0.5D-U, CL3-CF1.0D-U O 2 {&i3#t
FaRFCHF L C 10%LAN & 72 0, BAZMERE 25 e 3 5 G R
L7poT-. E72, CL2-CF1.0D-U 1% 16%#h1 L T 5.
—7J7, CL3-CF0.5D-U | 21%, CL4-CF0.5D-U |3 29%,
CL4-CFL1.0D-U i% 28%jE/ LT\ 5. S v U —XTi,
CL4-CF0.5D-S, CL4-CF1.0D-S @ 2 {RANHT LRI % LT
10%LA & 72 7=, CL2-CF0.5D-S 3 X U* CL3-CF0.5D-S
T, TNEN 12%B LN 14%EE ML CkY, BELT
DHERICIEWVER E oo, W bEER a2 Y
— MEEME LICER L TWHEBEZ A T A). —,
CL2-CF1.0D-S ¥ & (X CL3-CF1.0D-S Tid, #NZ1 28%
BLO23%EMT HRER L Ao Tz,

BrobRe & Il U CRORAKEMENE LIWNT 52
L, MXINCHEL o KR, T —F L TR LT
VA= N EORT-RETICHEENECHZ L HH
2 HND. EDID, BRGNS WIEIC T LT,
FHEIZELSTDHIEREAT 7T L5RITHI LT
YL RWVEEZLNRD.

F-4.1 RRKEREL (BER/FHEE)
pariks | | BEE e e
Hiax/Hy | Hinax/Hy

CL2-CF0.5D-U | 1.50" 1.60 1.07
CL2-CF1.0D-U | 150 1.74 1.16
CL3-CF0.5D-U | 1.54 1.21 0.79
CL3-CF1.0D-U | 1.42 1.55 1.09
CL4-CF0.5D-U | 1.50 1.07 0.71
CL4-CF1.0D-U | 152 1.09 0.72
CL2-CF0.5D-S | 1.62 1.81 1.12
CL2-CF1.0D-S | 1.62" 2.07 1.28
CL3-CF0.5D-S | 1.62 1.84 1.14
CL3-CF1.0D-S | 162 1.99 1.23
CL4-CF0.5D-S | 1.62 1.57 0.97
CL4-CF1.0D-S | 1.60 1.71 1.07

B L AL 2 IERRAKEREICE L TWRW ), EhEh
BE L~V 3, 4 ORISR O I E 2 VT 5.
"CL4-CF0.5D-U T, #riMr oAt LT pushover T
B% 5 2 7=1= 0, FEM 0 BB T i RF O fif12 CL4-CF1.0D-U
OFEREHN TS,



BEZOMIMIC OV TIEE-4L LY, U ) —XTIE
CL4-CF1.0D-U THMEFD 24% L ofEWiER L 72 o 72
b DD, Z DO T 200 NICE TRE L TERY,
tTaREENRREONE. S ¥ — XTI,
CL4-CF0.5D-S 3 & 1Y CL4-CF1.0D-S TId#misicxf LT
#920%, = OMOMERIKIZ BV TIE 10%LLNIC £ CTRITE
LT3,

PLEEY, HEL~L 2 ITHY T 5 R e 8
WX LTIE, #AT7 770 2R8TR20EA TIIRES S
10D UL, AT 75 L5%THHETIZ05D UL
EFT AL TIANBRICEMLTLE Y BNRH 5.

BELL 3K LTI, #4777 L%#% TR0V
AT, FEBE & 28 0.5D Tk 2R o B TR T
XN, 10D ETHZEREELY. XA T 7T A
BT DEHA T, AEEm S % 05D LA E 35 2 & Cifif
ARBEKIZHML T LE > BN H 5.

BEHEL_V4IZH LT, #4777 25880020
ATIE, 1.0D £ COFHEE & T+ 72t o mIE i
BTERW. —F, FAT 75 052RTHHBETIE, &
HE X% 05D L9252 & Cltid+aoichiET 5.

x-4.2 BERFFRAINLS S CEERDHRIMN

A BEREEMNE | BEREANIE
K/Ko Ko/Ko
CL2-CF0.5D-U 0.96 1.02
CL2-CF1.0D-U 0.94 1.00
CL3-CF0.5D-U 0.87 0.95
CL3-CF1.0D-U 0.83 1.05
CL4-CF0.5D-U 0.59" 0.84™
CL4-CF1.0D-U 0.59 0.76
CL2-CF0.5D-S 0.94 0.96
CL2-CF1.0D-S 0.92 1.00
CL3-CF0.5D-S 0.85 0.93
CL3-CF1.0D-S 0.83 0.98
CL4-CF0.5D-S 0.69 0.79
CL4-CF1.0D-S 0.62 0.90

4.2 BHRIZK DM
WRACEMEICE L2, RRKFEMED 95% L 72 -
T-BEDKEIENL % 85 & L, 2Y6) & 0 BN pos 2 H L
7o, -4 2 \ZHAVERLE O —EERT.
Hgs = 95/5y (6)

BEEHEOWMYERIT, U U —RTIX, FetE& S 05D
DOHEFRIKITIBNT, Brdnlr & A% £ TRIE L2, T
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S A 10D DA T, WThoMRE LML Y b
MEL7. S VU —XTiE, &ToHEMRICE O CTHdh
2 Y & Lk L, CL3-CF1.0D-S Tl 272%, CL4-CF1.0D-S
TIE 380% E THIMM L 7=,

EAT 7T 5O T S A T I R s S
723 05D O X S ITRWGE, FRIEa 7 U — b &l O
BEfRE 23D 7 W2 OB NS K 72 0, EIE OHETT M
FITES, BOEREEIMEONRNEEZLRS.

BAT 7T BEFETTGETE, T CHRIEENET
TOHHREY A T TIIEREENRE L\ LT 25 (FEE4
ATFBBIEEZ A7 C). ZhiE, ¥A4T7 7T L&
Dt ar s ) — MIREANAE L, EEOETHES
MZhebiebltEZ NS, —JF, HEXA T A Lo
7B OBERITORNI Lo TWND. 2D &b
RGN OB A LB MRS S ICB W T, a3 v
V— MERETLHZFOBETE, 227 Y — M EEH
XU EOSBTIESICEHIBENE LD R EL, BWE
RN E LN Z2WEEN DD, ERMEEREEZM ESES
2, BIAIE, EEEOBEEZEERE R CHMIZET
XEBRE, FEE LY EOSERE CORIE & B kY
L0 ENLETHS.

®-4.3 BUEL (BER/HAF)

k4 FronieE | BTG | BEE B
CL2-CF0.5D-U | 3.547 3.46 0.98
CL2-CF1.0D-U | 3.54 5.16 1.46
CL3-CF0.5D-U | 3.28 3.19 0.97
CL3-CF1.0D-U | 3.10 4.05 1.31
CL4-CF0.5D-U | 3.277 3.25 1.00
CL4-CF1.0D-U | 3.27 5.66 1.73
CL2-CF0.5D-S | 3.37" 4.32 1.28
CL2-CF1.0D-S | 3.37" 6.24 1.85
CL3-CF0.5D-S | 3.32 5.37 1.62
CL3-CF1.0D-S | 3.40 9.24 2.72
CL4-CF0.5D-S | 3.34 6.40 1.92
CL4-CF1.0D-S | 3.40 12.93 3.80

LUV 2 IR EICE L TV RN, FRTh

G L~V 3, 4 ORI O TEEIE 2 O TS 5.

“CLA4-CFO5D-U Tl it HaAA 2k LC pushover TR 5%
o720, SO CIIHRLREOEIZ CLA-CFLOD-U OfEHE VT
W5,
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FhEm

AMFGETIIARES L L 0 573 2 P TR W i S SAR A 2 e

LT, ars U — MRBEEEERL, HEL~L,
FHEESDEVNBLOFA T 77 LAOHFEIZ L HEER
RIZHOWTOMER, MEtEITo72. AR THE LM
kg DN N 1 N

1)

2)

3)

4)

5)

BB ORE L ~iE, R oS IC L U 5 g
BHOOTHMENGHETE D EEZ 261D, —F
T, OTHOERNZFPAFETELS, FHOT
HLRXNRG 0D KD e FIEOBRE NS % OFRET
HHEFRD.

B LRI = v 7 U — N R 21T O B
BEZIA U 28GR L FEOE T (= 7
V— FRE)TELDZONREE LW, T74bb, #
L FEOM A ETEEIE L ZENREETHS.
LERRBIEO/N S WBBL L 2 T, AT 77
LOFIICEDL LT, av s U — N FEEEE i
IBREMLTECLE) ZENBZOND-OER
NDULETHD.

BEL L3 T, FAT 77 L62%TRVEAT
I E S % 1.0D L9252 L THokiomiE
EEEMROM ENFTEXD. XA T 77 L%
DA TTIE, SR &8 05D Tl K EICEL
ToEA%(6 0 y FREE) IS FHEET 0 L oD ST 55 L
DEUCTLEIZODEE LR,

BEL L4 TIE, FAT 77 L02%TFRVEAT
1%, 1.0D £ TOFEE & T4 721 71 o [al i 133
FEC&E W, XA T 77 LEFIT LG TIE, 05D
FTOREE S THNEHSICREE L, FEFICEN
TERMERENMEOND Z LN TS,
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10)

11)

12)

13)
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ET 508, Vol 46A, pp. 135-142, 2000. 3.
R, TAME, hRFR: a7V — M RE
FEERE R OMEMERE BT~ 2 HBRIVATIE, #ik T
EESCHE, Vol 46A, pp. 73-83, 2000. 3.
RAAKIE, $aAREREL, HAMZ 815 LBk
SRR DB % ORI 2098, HiE T
SEEmCAE, Vol 52A, pp. 445-453, 2006. 3.
Moriaki Suzuki, Yoshiyuki Shimaguchi, Tetsuhiko
Aoki : RESIDUAL STRENGTH OF DAMAGED
STEEL BRIDGE PIER WITH CIRCULAR CROSS
SECTION AND ITS REPAIR METHOD, JOINT
CONFERENCE PROCEEDINGS 7CUEE&SICEE, pp.
2011-2016, March 3-5, 2010.

WO fEs, SaARERGL, KB, HFAMZ R E
D3 U 72 M TR W i 6 A I D AE AR D7 iR 12 B 5 2
7%, Hd T30 S0, Vol. 58A, pp. 277-289, 2012.
3.

WS, SnARARML, KHE, HAME B~
VIS B D FEEWT G O = > 7 Y — TR
&8 LRI B3 %8, Ml L% U5,
Vol. 59A, #farh

(th) B ASE R 2« BT A& - A VR
AR, 2012. 3.

AR PR T — A RS O MRIR 5 R AT =
DFEBRT — X X DMGE, g T E, Vol
36A, pp. 79-88, 1990. 3.

(Fh) B AGE R s - ERAER A E - A LG
W, 2012. 3.

(ZH ER 2543 A19H)





