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Three Dimensional Response of Bridge Systems Subjected to Strong Ground Motions
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Damages of bearing devices of highway bridges by the Great Hanshin-Awaji Earthquake were remarkable.
It is assumed that the uplift force of superstructures may cause damages to bearings of T-shaped bridge

piers. In order to evaluate the forces acting on bearings during strong earthquakes, the necessity has arisen
to know the precise 3 dimensional spatial behavior of the bridge systems. In this study, a viaduct is

modeled into a space frame structure and its seismic response is assessed by the elasto-plastic finite

displacement analysis. Particular emphasis is given to the local load transfer at bearing devices as well as

the effect of the components of strong ground motion on the response of a viaduct. Moreover, a skew

bridge and a curved bridge are also analyzed in order to investigate the effect of unsymmetry of bridge

systems on their seismic responses.
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Table 7 FEMAESRIZ IS 1) 2 K FEEPERLO F AR

RNS30 SNS SNS30 CNS - CNS45
11.64 10.83 12.29 5.597 8.731
Pier 1 '
Pier 2
Table 8 MHIRIEMIANME (Fim 12 - 66) BT HHEFRRNCEME
Analytical Nod max. Acc. (gal max. Vel. (gal) max. Disp. (gal)
Case © [ X-direct. | Y-direct. | Z-direct. X-direct. | Y-direct. | Z-direct. | X-direct. | Y-direct. | Z-direct.
RNS 12 71.61 5184 816.6 4.911 57.45 98.01 0.7420 7.774 13.25
66 71.61 518.4 816.6 4.911 57.45 98.01 0.7420 7.774 13.25
RNS30 12 '} 976.6 461.6 748.9 56.13 49.98 85.00 | 3.664 6.720 11.45
66 1011 440.9 672.9 58.41 49.83 84.74 4.045 6.754 11.49
NS 12 735.7 427.5 724.8 44.12 45.67 77.15 2772 6.341 10.69
66 840.5 415.5 707.8 50.52 48.05 82.82 3.968 6.769 11.38
SNS30 12 265.1 502.5 763.7 18.72 49.88 83.69 2.530 7.138 11.49
66 2414 449.1 765.9 21.02 54.40 90.62 2.799 7.075 11.74
CNS 12 862.3 492.0 821.6 68.61 2850 | 4943 5.725 1.967 3.265
: 66 267.1 1579 422.8 17.48 105.3 3431 |[. 1.550 7.850 3.190
CNS45 12 1177 414.0 806.1 75.49 27.94 51.82 6.672 1.809 3.523
66 414.0 1177 806.1 27.94 75.49 51.82 1.809 6.672 3.523
Table9 IAEWZEEMADORKME - B/ME (BAL : tond)
Analytical Bearing | Bearing | Bearing | Bearing | Bearing | Bearing | Bearing [ Bearing | Bearing | Bearing
Case No.1 No.2 No.3 ‘1 No.4 No.6 No.7 No.8 No.2 | No.10
Min. 1.935 | 4047 | 69.32 38.52 1.935 | 4047 | 69.32 38.52 ¢
RNS Max. 131.7 119.3 91.25 123.4 131.7 119.3 91.25 1234 136.5
Range }| 129.8 | 78.83 | 21.93 | 84.88 . 129.8 | 78.83 21.93 84.88 137.1
| Min. 13.56 | 4880 | 71.06 [ 47.70 | 12.57 [ 9.893 | 4487 | 71.80 | 4199 | 6.641
RNS30 | Max. 122.3 112.4 91.09 116.1 126.3 120.1 112.3 91.48 116.6 126.4
Range || 108.7 | 63.60 | 20.03 | 68.40 113.7 110.2 67.43 | 19.59 74.61 119.8
Min. 14.02 | 49.74 | 72.05 52.69 | 2270 { 22.92 54.80 | 70.42 36.96 | 2.133
SNS Max. 105.9 122.9 96.59 | .102.9 129.0 129.8 104.4 96.31 116.7 | 96.38
Range || 91.88 | 73.16 | 24.54 | 5021 | 1063 | 106.9 | 49.60 | 2589 | 79.74 | 94.25
Min. 4.239 37.35 65.03 '] 5449 { 29.59 31.50 54.98 | 65.67 | 36.70 3.126
SNS30 | Max. 102.5 1 1232 | 101.0 | 107.8 | 127.6 | 1272 | 1055 | 9986 | 1256 | 1076
Range | 9826 | 8585 | 3597 | 5331 95.70 | 50.52 | 34.19 | 88.90 | 104.5 i
Min. 51.72 | 68.93 55.64 | 3541 4541 59.59 52.42 36.51
CNS Max. 163.2 134.8 107.9 97.58 . 179.1 142.5 114.0 98.40 | 60.08
Range | 111.5 | 65.87 5226 | 62.17 | 57.36 133.7 | 82.91 61.58 61.89 65.95
Min. 35.59 | 52.58 | 40.86 | 20.63 35.59 52.58 | 40.86 | 20.63
CNS45 | Max. 198.5 155.8 120.4 104.1 . 198.5 155.8 120.4 104.1 58.13
Range || 162.9 103.2 79.54 | 83.47 | 60.79 162.9 | 103.22 | 79.54 83.47 | 60.79
HERNEEETS

~805—



(3) TA&E@H

ENENORYT T —R BT B ERICEH #MHoEK
fE% Table 9 ITRT, 2 CHBXAMASIFRHABELN
B T OFEHTERX. KOBE NS OKEHESZITIZL D
DTHBIH, E5IZKOBE_UD O L THIBREIOEEL
EZRTNE 4 ETOR L AR, RSO S,
HEENREE LRI TRERERH L LEXOND,

EBIZHEHE L7V Ok Cmodel DREFTFRERTH S, LD
EF NV CEIRITH < 5 OFEBMEL BRI S BN S
BEREL R-oTHRY ., FLOXATRHEOEEENHE
BN EL poTWD, & Z AN Cmodel TiX, EENX
ATHo THEBENNE S RoTWVARY, ZhIiXE
OEHH .. BHEZMOREIREIZT TR EHTORE
IRESBEEBENRTHWRILEZRL TS,

FARIZEH AW T E— A MdfEN - D

LZESENT B, ZORKESLEHIEILS BN
Flc i%fa%‘:nj:% Xiedotz,

. #ach

ﬂiﬁf%'ﬁ‘ﬂi T 2ENEE T REBOHERGE X

VCZDXAIZBL ALHEMIIRTTT 5720, REREH
HECTHEELRILEERBO 1| ANV EFRABEL LT
EFAMEL. ZRABFERER 217072, 61T
RU THENEZROBREORR S ILERBETNVER
EL, BEROBVIBRBOUMBRICE IZEX 5HR
ERB L, S TRONIERL SROBEELUTI
%,

1) ER B0 TREBHLICRES N IRIT, 0L
HBroMR-ERKIEY, ZOXAIBH BHhoEENE
BKRELRDZ, 20D, ROREE2E L T RGN
Tk, BHECH XA EEIPOHR-3IKIZ, AU
BEFRELTHEARLAVWEZEZBNRD, £, EBH
ERKEL 2L, BABEHBIPLBIBRNCARDZE
BHHEL, TRBEH S h EEENEE LR 5 7
S+ RIIH B,

) TEBHO LS 2 1 AEORHEZF T 55EE T,
ADMBEEREHIZH LT, oF V., BECHLTE
DEIBRFETHLPHB. BRBOMERFIEE ELIRE
T35120EEHTHZ, BMOFRABANRERT—
ETHDHER - FIBETIX. BBV FENIT LEBEZ
ABTHIE, BHEIADFRICRET 52, Bl
BB ECET 3 HEBOBA . BHORE TR

6) HAERBE

MRRORT. HBEBOANFRIC &> CRIMITE L
THZENBHELPICR ST,

3) AFFE T, EEME OB D 2 BN EET B At
ThBEEEICH WENERITEED, BEBE 3
RITHIARAT LTz, LRSI TRHT IS RS Y &3
SEETHY . BHITEMEAFRICER D 2HLT
Wa, £-T. 2 REMIZAEFT2720IZIX, 208

B ENOBHNREBEEF LT ALERD BB, E
L ZOHEETMT 5 LRETH D, Lizho
T, KRR CHNE 3 REBHBH S FRTRCTHS &
Eibhb, LrL, REEFTOLIA, Z0ORE -
REEORIENTETELT, 4%, 3 KRITBRAF
EBWTRHRIEEADOR Y Fv— TV EERT D2
LBgEhs,

4) BERBOBKISEIHFORMEDRENTHA X < BMLT
BH0LEZOND, FREOMFTET IV TIIFOE
FAEBBALLTRY . ERCHRTRAEF VLR
S TWBTD, HORMESHERISE 5 2 5 B
SERETBBERDS, £, S5ICHE - e
DREFHI R R L, ZOBRMELEET 2 2 L 3E
Th3,

£

ARRIL, () M RRE - Tk 8 £ LA
MEBREFER L TiTok, iz, RMEHEEAH
DOEERER/EBNEE W, BLT, #HEARRT S,

BEH

1) RERBEHHBERBEANKRERS  RERMH
BIBT2ERBOHRRKIZEBTIMRERESE.
1995.12.

2) EBE—fh: ﬁﬁwﬁﬁkmgﬁ TARESEE.
Vol.80(7). 1995, pp. 54-62.

3) RERBHHBEERBRIIRERS  RERBEEH
BIZL2ERBEOBRECHTIME. FHREE ().
1995.3.

4) tA%S  LAMEHOMBELES T 5#RE, +
AREEEEE, Vol 80, 1995,

5) Bathe, K. JI. : Finite element procedures in engineering
analysis, Prentice-Hall, Inc., 1982.

CEEMT S E. RS V. THEREHE.

1990. ' ’
' (1996 % 9 A 6 HEA)

—906—



