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Table 1 Dimensions of Specimens{with Measured Value)

Specimen Ry A L h t b d bs te la ¥/y*
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)

SCa5.32.5BH | 043 | 032 | 1954 | 1660 | 6.07 | 421 | 279 16 6 743 1

SC45-32-5BRH | 0.43 | 0.32 1954 1610 6.12 420 276 46 6 743 1

S30-50H 0.29 | 0.51 1754 1580 6.16 278 184 53 6 273 3

SC30-50-2H[R] | 0.29 | 0.51 1754 1580 6.16 278 184 53 6 273 3

Table 2 Tension Coupon Test Results
(2o & [ # [ Bl cn]ba]
Test Specimen SC45-32-5BH, SC45-32-5BRH
205 | 260 | 0.127 [ 0.271 [ 6.03 | 1.71 | 40.8
Test Specimen $30-50H, SC30-50-2H[R]

205 | 280 [ 0.140 [ 0275 | 3.28 [ 0.92 | 37.7

E = Young’s Modulus(GPa)

oy = Yield Stress(M Pa)

€y = Yield Strain(%) , p = Poisson’s Ratio
E,; = Strain Hardening Modulus(GPa)

6.1 = Elongation(%)

Table 3 Material Properties of Concrete

(Dol B Lo Tt ]
Test Specimen SC45-32-5BH
58 [24.0 [ 0.167 | 30.6
Test Specimen SC45-32-6BRH
58 [23.3]0.173 | 30.2
Test Specimen SC30-50-2H[R}
39 [25.8]0.202 | 254
E. = Young’s Modulus(GPa)
i, = Poisson’s Ratio(%)
f. = Uniaxial Compressive Strength(M Pa)
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Table 4 Parameters and Experimental Conditions

Load G.T. P/P, T Hyo 8y0 H, by
Sequence (sec) | (KN) |- (em) | (KN) (em)
Test Specimen SC45-32-5BH .
1 II1 0.141 | 0.69 131 0.496
2 III 0.141 | 0.78 131 0.635
3 IIT (4100 gal) | 0.141 | 0.79 152 0.808 131 0.647
4 IIT (+200 gal) | 0.141 | 0.79 131 0.651
5 LA. 0.195 | 0.99 123 0.631
Test Specimen SC45-32-5BRH
1 I 0.144 | 0.69 135 0.509
2 I 0.144 | 0.74 135 0.597
3 III (4100 gal) | 0.144 | 0.76 157 0.760 135 0.615
4 III (+200 gal) | 0.144 | 0.79 135 0.609
5 ILA. 0.200 | 0.91 126 0.602
Test Specimen S30-50H
1 | 1 [0138 [ 115 [ 77.7 [ 1180 ] 67.0 ] 0.975
Test Specimen SC30-50-2H[R]}
1 I 0.135 | 1.12 67.2 0.898
2 I 0.141. | 1.21 777 | 1.180 | 66.8 0.997
3 I 0.141 | 1.21 60.6 1.003
Note : P/P, = Axial Load / Yield Axial Load , G.T. = Ground Type
T = Natural Period of Real Bridge(Scale Factor = 8)
Hyo = Yield Load , 840 = Deflection of Column Top at Hyo . H, = Predicted Ultimate Load
5, = Deflection of Column Top at H, , IL.A. = Incremental Ampitude Test
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Fig.2 Test Specimen of Concrete-Filled Bridge Pier
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Photo 1 SC45-32-5BH Test Specimen after Failure
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Table 5 Residual Displacement and Maximum Response Displacement

Test Specimen SC45-32-5BH
Load Sequence G.T. br(cm) | Sr/h | bmaz(cm) | mas/6y | Ei/E.
Ist II1 0.272 0.0016 2.51 5.06 124
2nd III -0.017 -0.0001 2.37 3.73 99.4
3rd III(+100gal) -0.240 -0.0014 3.14 4.86 155
4th I11(4200gal) 0.017 -0.0001 4.26 6.54 228
5th(l.A.) — — — 8.07 12.80 635
Test Specimen SC45-32-5BRH
1st 111 -0.212 | -0.0013 1.94 3.82 65.5
2nd I -0.188 -0.0012 2.14 3.58 64.0
3rd III(+100gal) -0.306 -0.0019 2.51 4.04 124
4th IT1(+200gal) -0.395 -0.0025 3.40 5.58 210
5th(I.A.) — — — 7.50 12.46 654
Note : ér = Residual Displacement , A = Height of Column
8maz =Max. Response Displacement , &, = Deflection of Column Top at H,
Ee=H,-6,/2
Table 6 Residual Displacement and Maximum Response Displacement
Test Specimen  SC30-50-2H[R]
Load Sequence G.T. Sr(em) | 8r/h | bmaz(cm) | bmaz/by | Ei/E.
Tst(steel) I 1.68 | -0.011 4.03 413 20.6
1st(Concrete-Filled) I -0.70 | -0.004 3.54 3.94 20.2
2nd(Concrete-Filled) I -0.70 | -0.004 3.80 3.82 20.0
3rd(Concrete-Filled) I -0.64 -0.004 3.83 3.81 20.2

KLU THBREBBEFECRHEELITLRINES
Zons, HIEAWE, 19427 TI0ELDOEDE
LT 24T BB NERIIEEMIC L > THRLTES
ERTHDBEEZEZONDS, 2L, EEINEI LI,
TAHFEFOURKD T S5 Y, U TORMAMIZ
EXR=XF - 2EHET, s TER-XT
L— MCBEBESINTHNEIETHE. oI EH
7597 ERAICE CXEABERICE b LT
WOT, AR, EXR—-XFL—-bEBEBRXES
S RA LY RNEER 531008, ©
NIZDO TSI SICEREIT > THRRETILENH
A9,

(2) arHU—FERRICKLSEEIR

HWBENC L B5 A —VEFZIH RGNS HBEE D
5T 5 7201234 SHh OB ET, BENhREE
Uz E LT, +HUNENBE LI KETREE
P CIRO LS NREERF IR ENBETHS
FIT, A= VEZIFIEBBEIC T A MM
DO—D2E LT, HBREHEZIT/EZOMBBHIZI S
V- MNEFHEL, FORBOMELRET I LER
FICER~ /.
WHRHROBRELTE, (1) 2/ ) — M EFH
Lictk, I SICHiEEhE2IITHEICE UBREENL

EAD KON KEBBEEMEELCLNIE, 2 #
HBOHFBEY %L THREILRELIESNE LN
L, (B) TARIRNVF—RIGENAEBTT B L, &
ENEZONB. v

BRI HRER O 721 T { BB DI
RELEAINS I ERAREO & 5 TR KLE
EAKE{ THER LSRR AICKRE L THhB I &
BITNTKEBEREEMIIE UL, 22T, R%D
BEEMOBELMB D, HRKICIIBEEMIK
EHS I it AR A AT L.

Fig.5 ic S30-50H, SC30-50-2H[R] 43 {& DR AIE
rveSiif Ua) Sy alica il - e W S bvyaliiil - 10)
ARERE Fig.6 ICTT. I 51T, BANEEMEBEE
fii % Table 6 IZ/R”7F.

VY- MEFRETAHELN, VS Y - L%
FRE U B TRERETROBEEMNTRIICNE
{#E->THD, T/ V- ERETEIEICLEH
BHRIBEEICHN TS, £72, Fig.6 DakEs R
T I EEAMEBRERBASI L TH3IC68bS
TREGHBEOBETERONW L. ZoZ Ehsar sy
Y— MERETEIEICE-T, BEEMERE SH
HIRBLELEBIC, BEHILLERIES I EHFEE
THDHI LGN 5.

£/, Fig.T LR RBEBREEMNEREES A THRLE

64



SC30-50H-2H[R]
s V[ [ Beefe Conerete—Fillea ]
E" [ wewm After Conerete-Filled(1st Test)
I
S [ L——ou mw
Tof
3
g
]
E-it 1
i
1
-2 0
Harizontal Displacement(8/3,0)
Fig.6 Comparison of Envelope Curves
30 T T T T T T T
v S$30-50H
{1} sC30-50-2H[R]
60 | -
v
=
40t -
=
wF
20 .
I |{I} Load Sequence
o _& 1 Az I 1 n 2 n 1 n

0.01 0.02
X3 /h

Fig.7 Cumulative Residual Displacement - Cumulative
Absorption Energy Curves

b O & RRBBIN T RN F— % BHERRRR TR ILF—
E.(= H, - 6,/2) TERTAL L5 T %md. 2O
TSI MNELIIC, TT ) — NABEBIIERY
EMPRELHMT B &L, Hhoarrsy—h
FHRERBEOL RINF—RIRGEN=RE LT3
ZEDGHS. avr Y — NEEBOBRBEMITIO L
7 1) — MFRERNI A 60%ICHIE S NTn5. i,
IFRIAF-RREBIIIL V) — NEEOWETIZIZSE
LT -TWE, O EMS, BBAZIITIA—
COHLHEBUMEMICH LT, TOBREEMIEREIC
FEIZOBETHIUE, T30 — b ERBETEC
LIk > TEEEMTHMI SR OBEOME-HIE
I LFENAAETHHEEL SN, EhtAErx
NFE—FBELFFIELENTEEIEND 5. Z
OBE, FEAV V- VOEENEBROBWEIISEZ
BRBAEZ ZLENHBH, REIZFicarsy —
MARETHEOT, EEIESICNIL Y- O
BEEINEL, TOEBIININEZZ B,

65

Envelope Curve

Load

E Displacement

Fig.8 Principle of Conservation of Energy

(3) TRIVE——FEUNOFEREDERE

B, BBRERASVICRESN T2 HEREE
TKETHHOBEIZIE, Newmark O TR ILF—~—FLIH
BuohTind, TRAF-——FAEE, B
A AR OREYOEEICE L TIE, BBHETIES
HEFT 3 1 BEREEYIIREEZITBEITE,
TREBME A & IR E DOME O AN = FIVF —HNHT
H L5 (Fbb, Fig8iik T, HT3F3H0H
SDEHROEFICE L B) ENSEZHTH B,
ST, AERITBEWNTIT -7 7)) v NEEBIE
BEROKEL T FNF——FEAIC L HH#EE Uiz
FEILEEMELB L, ZDOERN ST FXILVF——3ER
DFEAWIZODNTEET S, ZOWTEEICET 33
VX 8),9),16) BB AN

Table 7 12, XN F——EREAOTIEREICE
ENL A RD BB LB E 7L DR KNICEZE 6y,
BOFEIFNF— g, TRXINF——FUTHE LR
IR RIS BN gL B S UEEEN S ERIC LB R
KIEEEN S mae DHSEL/6mae DIEETFTY. 72720, 85
BERIOSEERDL I EITITEROT, HERR
HAFHHBERBEOREIEEIEE R R ML
SAVERNT, b = (T/21)2Sa 3Rz,

Table TIZRUICRERERS &, TRxLF——ER
ZRCTEHE LR RS E R DI D EE
F e R LTS, HEEMEEEAFORABRER
¥ 15~30%TH 3%, FgIITIIZIT SRREDORE
TEBREERHET L TNBEIENGDS.

Lz -, SERCHEBROES, TXILF—
—FAERS &Ik D, BEESIHEREINEET
5 &ML, HERNEBRIL GETHERIZ I 518



Table 7 Comparison of Calculated §g; and dmax

Test Specimen  SC45-32-5BH
Load Sequence | §g(cm) | Eg(tf-ecm) | $gr(em) | bmaz{cm) 5L [bmax
1st 1.50 30.1 2.12 2.51 0.84
2nd 1.91 37.9 2.51 2.37 1.06
3rd 2.39 59.0 3.40 3.14 1.08
4th 3.33 97.4 4.82 4.75 1.01
Test Specimen  SC45-32-5BRH
1st 1.50 30.1 1.92 1.94 0.99
2nd 1.75 35.3 2.16 2.14 1.01
3rd 2.59 63.9 3.34 2.51 1.33
4th 2.60 75.9 3.78 3.40 1.11
Test Specimen 530-50-H
1st {309 | 3344 3.81 4.03 | 0.94
Test Specimen SC30-50-2H[R]
1st 2.77 29.4 3.16 3.54 0.89
2nd 3.30 35.7 3.58 3.80 0.94
3rd 3.21 35.1 3.78 3.83 0.98
Note : 6 = Max. Elastic Response Displacement
Er = Elastic Strain Energy , 6gr = Calculated Max. Response Displacement
Smaz = Max. Response Displacement
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| PSEUDO-DYNAMIC TESTS OF CONCRETE-FILLED STEEL COLUMNS
WITH PROTOTYPE DETAILS

Tsutomu USAMI, Toshimitsu SUZUKI and Yoshito ITOH

Pseudo-dynamic tests were performed using two cantilever concrete-filled steel box columns with
realistically fabricated base detail to investigate the bebavior under earthquake loading. Test results
show that the damage sustained by the base plate under severe earthquake loading is insignificant.

Also tests conducted to investigate a possible method for retroffiting damaged steel bridge piers
of box section by filling concrete were found to give good results.
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