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MULTI-INPUT EARTHQUAKE RESPONSE OF ELEVATED
HIGHWAY BRIDGES WITH CONSTRAINTS
OF GIRDERS

By Hisao GoTO, Hiroyuki KAMEDA and Tadafumi ASAMURA

Synopsis

This paper deals with earthquake response of elevated highway bridges with an emphasis on
the effects of differential earthquake motions at neighbouring pier sites on the seismic forces induced
in girder supports and torsional moment induced in piers, as well as acceleration and displacement
responses and bending moment. It is demonstrated that higher mode (4th mode) vibration caused
by differential pier motions with constraints of girders whose effects are not considered in current
design affects considerably seismic loads acting on girder-pier connecting supports.
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Fig. 1. General view of elevated highway bridges.
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Fig. 2. Prototype pier. (Hanshin Expressway, Sumiyoshi Section 2, Pier No. 4)
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Fig. 3. Prototype girder. (Hanshin Expressway, Sumiyoshi Section 2, Girder No. 4)
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Fig. 4. Dynamic model.

Table 1. Mass of each node of the dynamic model.
node No. weight i mass
(model 8) \ (ton) (ton sec?/cm)

1 2. 418102 : 2,467 107t
2 1.915%x 102 1,954 107!
3 8,216 10 8.384x 102
4 1.614x10% 1. 646101
5 8.216x 10 8.384x1072
6 1.915x 102 1.954x10t
7 2.418x 102 2.467x 10!
total 1.192x 108 1.216
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Table 2. Dimension of each node.

Table 3 (TR0 JBEHE, Table 4 IO E

. | height of ! . .
node No he]"lgol-(lite of | centerof |  width 1 depth | radius of rotation B
H; (om) ! grazgly; [ D; (cm) ‘ B; (cm) ! 7 (cm) ‘ 7yi (cm) 72; (cm)
1, 7 200.0 85.2 I 670.0 | 700. 0 i 199.6 i 279.7 208.0
2, 6 230.0 145.6 1680.0 1} 210.0 i 487.4 488.8 71.78
3,5 169.3 152.7 l 1760, 0 l — | 55L3 | 576.6 —
4 169.3 150.6 1 1760.0 — l 541.7 i 641.2 —
Table 3. Hysteretic properties of pile foundation model.
elastic spr. const. & !
direction 1st rigidity of 2nd rigidity of yield deformation
inelastic spr. inelastic spr.
horizontal (ton/cm) (ton/cm) I (cm)
(along x, 2) 6. 753 x 102 6. 753 x10!
rotational (ton-cm) (ton-cm) (rad)
(about x, 2) 1. 475108 1,475% 107 9.898x1074
rotational (ton-cm) (ton-cm) ‘ (rad)
(about ») t 6,610 107 6,610 108 2.828x1073
|
Table 4. Hysteretic properties of pier model.
PN . bending about z bending about x | torsion about y
rigidities & hysteresis (EI?) (E17) \‘ (CJv
linear \ ( t‘;ﬁ‘fﬁ;) 8,105 10° 1.004x10%0 i 2,927 x 1010
‘“i‘i‘(‘iolrﬁtcgg)idity 1. 3925 1010 1. 483 101 1
it IS Y 4108100 5.3%6x100 |
initial 3rd rigidity ‘
Degrading (ton-cm?) 1.392x10° 1. 483x10° t
Tri-li i :
ri-linear curvatlﬁelcal;t])pmnt C ‘ 2. 962% 1076 2.167x10¢ |
comvatireatpoint ¥ 2. 4831070 23811073 ]
C““’at“('f/j;;f"”'“‘f’s"‘ 4,996%10-5 4,762x10°3
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Table 5. Rigidities of supports. Table 6. Rigidities of girder.
x-direction (F) 4zF I 3420.0  (ton/cm) rigidity (x-direction) EA | 1.189x10* (ton)
x-direction (M) AzM | 1.954 (ton/cm) rigidity (y-direction) EI¢¥ | 4, 060 x 102 (t0n~cm2)v
z-direction (F, M) 42F, é;M ‘ 1710 (ton/cm) :)rsi(;nal (about x) GJ= i 1 725x10'2 (ton-cm?)

y-direction (F, M) 49F, b4 ‘ 17100 (ton/cm)

F: fixed, M/: }ﬁ;val)le

initial support
alignment

\\ W fixed support

~~__€lement 4

node 3
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1
i

z (Tateral)

Fig. 5. Longitudinal support reaction at fixed supports caused by relative
rotation of girder and pier about vertical axis.

Table 7. Natural periods for dominat vibration modes.

e . ) | o pred [t e
1 0.9804 | 0.6748
2 0.8855 0.6513
3 0. 4478 0.3618
4 0.3138 | 0. 2684
5 0. 2680 ‘ 0. 2182
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Fig. 7. Original accelerograms used for response analysis. (Recorded at
Itajima Br. during 1968 Hyuganada Earthquake)
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7272 Uy Pumy, Pan i3 #0), #(0) DT —, Puy REHE T —T, TRENRRTHEZO6N5,
T T T,
= A W)dt, Pan= L #Odt,  Pun= [ ity

ch& D, FEHRMBHRIRACLDARING,
(1) = #i(f) cos 0+ #(z) sin §
B(#)= — #i{¢f) sin 4 4(f) cos 8 }
O3 i LTES NG FMEH DL Y7 —OERBRATERX 512,
Pus Prancos?0-+2Ppycos sin 8+ Pyysin®0
YP=Tp T Pumsin?@+2Pmy cosf sin 0+ Pyycos?f
3.1.2 ZRY PIVSEDRIE
® @) Lk ELNEHFNOMETICH L, & 5ICHBREICES AT b VEEORHIEZT -7,
EERHERDPSESNBEET B ROEEENE A0 & UBEEHE (EH) K20 TIR A4rw)
ARED S0 b & 4 FEBEOBEEMFMML GEF) KO0TR Arle), RS GaM) i
DNTIR Aulw) EERDT, #(0), 5¢) D7 — ) 2EHE Uw), Vie) &5 5 &, #HAFiCsT 2 EEHOAT

Table 8. Ground model-I (Itajima Br.: Site R)

site soil cond. 1 no. of layers | depth of basement layer
Itajima Br. | type III i 5 i 16.5m
: : mean blow | shear wave .
layer No. ‘ soil type ‘ thnzkl;ess Eie;;f:% counts velocity daffn}:mg

Lo & L) (mfsec) e

1 sandy clay with gravel 3.0 15 | 30 85 | on

2 fine sand 1.0 1.7 3.0 69 0.18

3 fine sand 4,0 1.7 4.5 88 0.15

4 loam 5.0 1.3 10.2 151 0.13

5 sandy clay 3.5 1.8 6.8 107 0.08
base gravel with clay \ 2.2 N =50 480 0.03

Table 9. Ground model-II (P04: Site F)
site E soil cond. ‘ no. of layers | depth of basement layer
2P04 | typeTIL | 7 23.0m
| thickness density mean blow [ shear wave |, g,
. i TESS t locit ping

layer No soil type l (m) (glcm?) thLI:IrS S \(I; ;)scelcgr factor
1 sandy silt 5.8 1.7 9.1 99 ‘ 0.18

2 gravel 1.8 1.9 11.9 130 ! 0.14

3 clayey silt 7.6 1.4 9.6 . 136 0.09

4 silty sand 1.5 1.7 18.8 1 181 ' 0.11

5 clayey silt 2.4 1.4 6.5 i 115 0.08

6 gravel 1.2 19 50.5 303 0.10

7 silt 2.7 1.4 36.3 i 273 0.07
base gravel | 2.0 N 250 E 800 0.07




BB - B - BN LR T OMRAEE LS SANEES OREBISE R 9

Table 10. Ground model-11I (P04: Site M).

site soil cond. | no. of layers ‘ depth of basement layer
2P05 type I1T 7 | 23.0m
) . blow | shear wave .
- . thickness density mean ‘ : damping
_ﬁxyer No. soil type (m) (g/em?) ’ Ctzt&n)ts ‘ \(Iﬁ/oscég factor
1 sandy silt 5.8 ‘ 1.7 9.1 99 0.18
2 gravel 2.1 L9 11.9 130 0.14
3 clayey silt 7.0 | 1.4 9.6 136 0.09
4 silty sand L5 ! L7 18.8 181 0.11
5 clayey silt 3.0 | 1.4 6.5 115 0.08
6 gravel 0.9 1.9 50.0 303 0.10
7 silt 2.7 1.4 36.3 273 0.07
base gravel | 2.0 N250 800 0.07
HIUNGERE 2 505 #p(0), 96(0), ©7 =) 22H Uplo), V(o) RRAMD SHME NS,
Or@)) _ Ar(@) (URE)Y o)
(v =4 el vee ) : )

BRI UTHsMIich 0 2 B EIDKE S IGER #m(2), 5u(?) D7 — Y T Unlo), Viul(w) HREAH DS
Bo5h3,
{ gM(w) }=£M(W){ UR(‘”)}
m(w) ] Ar(w) LV r(w)
K G), R (6 ZFEBUT, BHHAD 2 HEMBEE 4r(), 6r(0) B #n(), vu(?) %87, Table
8~10 icHigi R, F, M OMBHR &K E Uk S EE S X UBMBEERER L,
3.1.3 HIRSEOWLE
MEHIC R S S HEBICONT, ROKHUE 2B ORETHHEEZEX 12,
(1) —KEALAHEN
LiCRS I A MIC 81} B BB 4m(), 5u() ITRD Y, du(t—7), Iy(t—7) ZHEMITE T 2 AJHE) &
THo ChUCLD, HAMOMBEIORMMAELHN IS F 1T Z2HRE) #r(), #p() 1T LT—REIC 7 78
BNMHENERD,
(@ HEMEEERTZHE
R FICEY 2 RAH OGBS EE L CHBHNOBBHOMARENE RIS & KB Lz, §78
bbb, &l - Wright? OFEIZE > THIAF KB 28K — FEEROMEEE dw) 2k30 0 HHd
%,

C(wn)= (2 fu) = A n g verereresimeies i e (G

112Uy fo=Va/(AHs) T, Ven QHIEDPSE 0BT TOVELAMBEE, H 3EnBTHE TOES
THb. X 6) THONA Unlw), Vulw) DRODIC, Unlw)explip(w)}, Vulw)expliipw) AR, <
NEPEH LI b DE HEAMOATIMES in(), on(t) & L7z, ZDHA, Tabled o5k L HilkE R D
BT IREREEIED o) ZRD 2 DICKN5TH 5D T, Table 11 Dk 5 i< FEMAENZ 72 €5 A CoF
HET -7,

3.1.4 AHibRENDRE

PED&3ic LCBONIHETF, MOMEERZFOT, Table 12 1R Lic & 5 5~ DA HEE 25
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Table 11. Ground model for surface wave propagation (P04: Site F).
. . mean blow | shear wave | .
lIa\Iyoer soil type thu(:xl:]r)xess Eigelré:t% counts velocity ! di,;ncl::;rlg
) ) (mjsec) .

1 Huvial sandy silt 5.8 1.7 9.1 157 0.15

2 atuna gravel 1.8 19 11.9 179 0.15

3 clayey silt 7.6 1.4 9.6 161 0.05

4 silty sand 1.5 1.7 18.8 225 0. 08

5 dilvial clayey silt 2.4 1.4 6.5 133 0.05

g | VPP EIVIELL ravel L2 1.9 50.0 368 0.07

7 silt 2.7 1.4 36.3 313 0.05

8 gravel 500 2.0 N2=50 450 0.03

9 lower diluvial gravel 200 2.0 N =50 600 0.03
10 Nijo layers lava 700 2.0 N 250 800 0.03
11 granites granite 1000 2.7 ‘ N =50 3000 0.01

ELI. BEEBNT, AV Y —Xi3 2 HACHRY (), 5(2) ©H bREA ST —2HOMBEHE « # (F
W) 1€, BA/CT —EROMERE - 8 BRHEAFN KERAIEREATHD, MEOBEFEHIC

LicDMBY ) —XTH %,

Table 12. Case of input earthquake motions.

A, By ) —X&bEHLE O MBENI—BREBENTS D, =0~0.32sec

case direction of amplitude modification phase modfﬁcation modification
max. POWET | gite R —»site F | site 7 —»site #/ | dispersion umf:)-rgeg)e lay of peak acc.

A-1 ! 7=0.0

A-2 =0, 04

A-3 7==0, 08

A-4 x-axis * —;%F;E:_;_ * ,%((z% N r=0,12 I

A-5 7=0,18

A-6 7=0.25

A-7 7=0. 32

B-1 r=0,0

B-2 7=0.04

B-3 7=0,08

B-4 z-axis * %223} * %((Z’% _— 7=0.12 e

B-5 7=0,18

B-6 7=0.25

B-7 7=0.32

c-1 | —

C-2 ) An(e) : 1.25 times

. rlw m(w * exp .
G || 48w — ED
C-5 2.0 times

*: multiplication Fourier transforms

— 10 —



Bl - I - B S TOREEER LS EANEREO R AR 1

Table 13. Intensities of input earthquake motions,

case: A-1~7
acc, component pe?é(a;:\)cc. I‘ peak acc. ratio t(z?ilg g::jr total power ratio
P04 z-direc. zp(¢) 185 0.920 4,320 104 0.580
P04 x-direc. xp(2) 201 1. 000 7.454x10% 1. 000
P05 z-direc. zy(2) 179 0. 890 4,039x10¢ 0.542
P05 x-direc. xpy(2) 198 0. 989 ‘ 7.216x10¢ 0. 968
case: B-1~7
acc. component Pe?;aii)cc- peak acc. ratio ! t(zg;llg ::Sr total power ratio
o l i
P04 z-direc. z7(7) 200 1.000 | 7.454x10¢ 1,000
P04 x-direc. xp(?) 185 0. 920 ( 4,320x104 0. 580
P05 z-direc. zp(¢) 198 0.989 7.216x10¢ 0.968
P05 x-direc. xp(2) 179 | 0. 890 4.039x 104 0.542
case: C-5
acc. component pe?élr(ala)cc. peak acc. ratio t?tgzllg ;):Sr total power ratio
P04 z-direc. zp(¢) 368 0.837 1. 717x10% 0. 580
P04 x-direc. xp(2) 400 0.909 2,963 x10° 1. 000
P05 z-direc. zp(2) 362 0. 824 1.605x10° 0. 542
P05 a-direc. axp(2) 440 1. 000 | 2.868x10% | 0. 968

FTTEEOMEERE Ulre TTTHRD &5 1/NRRIS BMHT TRAAEEN 0. 32sec [JBRIMEELEL 6ND
B (RE b 0.2sec BEZTTHAS), ISEHEARERET 2700ICHA T ORMICEERE LT, |
Cyv ) —RXR3AEELEE UACHERTH Y, RAMERIC 5 BEOMEEHET U TRBIERICET 2 RE %
fT-7:. Table 13 B&, —RCHBF ZATMBEHOREEZRLILGDTH 5,
3.2 EZAEN
% icBd b, FEHAEROEHHBRAIRATRDLI NG,
[M]{Xt}-F[CHXt} FIKI{X} = {Ry}  oeververerene i 8)
2L, [M]: BEBE<rY)yIR
[Cl: BE=rYvsR
[K]: HiE=tY)vs 2
{Xe: BA BT BEEOEM~NY b
{Ri}: K%l e KB BAN~NT b
ARETIE, HBANDHLEZET S0,
{R;}={0}
EPOHAC SEOMBBANEEL50T, KX 8) DEM~Y FiC S BDORS& D22 ANHD
WROEM~7 bveiNT 5L, RORBESNE,

{XtA}z{;YX:G} .......................................................................................... o)
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Fig. 14. Longitudinal (x-direction) peak displacement response.
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Fig. 15. Longitudinal (x-direction) peak acceleration response.
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Fig. 16. Lateral (z-direction) peak displacement response,
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Fig. 20. Vertical peak support reaction.
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Peak bending moment in piers.
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