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INTRODUCT O

Direct bridge foundations are traditionally designed by
minimizing uplift from the underlying ground to prevent
overturning of the bridge

HOWEVER... —
Post-earthguake inspection-of piers has

revealed cracks indicating rocking
during the earthquake F

ADDITIONALLY'...

Analytical studies show that rocking of footing
decreases the ductility demand at the pier




RIMIENTAL STUD Y OF ROC NG

An experimental steel model consisting of a top plate, a
column and a bottom plate representing a deck-pier-
footing system Is developed. A rubber block simulates
the ground.

The bridge model Is subjected to shake table tests.

Sliding of the footing Is prevented. Only rocking Is
allowed to happen.










PERIMIENTAL INVESTIGATION

MAIN POINTS OF INTERES

Increase of model’s natural period, rotation of the footing,
deck displacement, deck acceleration, flexural deformation
ofi the column

PARAIVIETERS CONSIDERED

/ EITECT Of deck mass

/ effect of footingsize
/ effect of columni stiffness
/ effect of ground stiffness

Seismic excitations selected from: Kobe Earthquake (Japan, 1995)
Duzse Earthquake (Turkey, 1999), Niigata Chuetsu Earthguake
(Japan 2004), Northridge Earthquake (USA, 1994)




MEASURING DIRECTIONS
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HRIMIENTAL PROCE
Free Oscillation Tests
INFORMATION O5TAIN=D

/ relationship between natural period T and footing’s uplift

/ eguivalent viscous damping ratio
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EAPERIMIENTAL PROCEDURE (2)

Shake Table Tests : Kobe JMA 000 309




PERIVIENTAL PROCEDURE (3)
Shake Table Tests

Horizontal displacement Vertical displacement
at the deck at the footing’s edges
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EAPERIMENTAL PROCEDURE (4)

Observations based on experimental results

When rocking of bridge pier footings takes place:

e Natural period increases leading to an apparent seismic
ISolation; effect

e Flexural deformation of the pier decreases significantly
e However, deck displacement produced by footing’s

rotation results In relatively increased overall deck
displacement




EAPERIMENTAL PROCEDURE (5)

Observations based on experimental results

e | arge vertical acceleration develops at the footingrs
edges during impact with; ground indicating danger of
soll yielding

e [However Impact off ieeting with greund IS an extra
energy: dissipation mechanism which contributes
considerably to attenuation of pier’s dymamic response




EAPERIMIENTAL PROCEDURE (6)

Regarding the parameters affecting rocking:

/ effect ofi deck mass : as deck mass increases larger
uplift at the feoting’s edges develops

/ effect of footing size : as footing section.decreases

largeruplifitrattiesooting sedges develops

/ effect of columnihelght : uplifit at feeting’s edges
decreases drastically for short columns

/ effect of ground stiffness : depending on the grouna
motion, stiffer ground generates smaller or larger uplift




ANAL(TICAL PROCEDURE

A discrete model idealizes the model bridge:

1 |_Inear beam elements for the column

» Rigid elements for the footing

1 Spring elements for foeting’s separation and contact with rubber
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CORRELATION WITH EAPERIMENTAL DATA(L)

Model response without uplift

LINEAR CASE
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CORRELATION WITH EAPERIMENTAL DATA(Z)

Model response with uplift

o

_08
9)
=04
2 0
-0.4
(&)
time () <_og time (s)
8 12 16 20 24 4 8 12 i 20 24
Horizontal displacement Horizontal acceleration
at the deck at the deck

w o
o

€
S
E
e 0
S
©
a
2
a

1
D W
o

(@)
~

[N
o

=

o

o1
o1

o
o

Displacement (mm)

Displacement (mm)

| ‘ ‘ ~ time (s) | ‘ ‘ ~ time (s)
8 12 16 20 24 8 12 16 20 24
Vertical displacement Vertical displacement
at the left edge of the footing at the right edge of the footing

S
N




CONCLUS|ONS O ANAL(TICAL PROCEDURE

e Analysis gives very good correlation between

experimental and computed response Ifi uplift ebtains

relatively small or medium values

o FupliftwithrrelativelyAlarge values oceurs
conventional analytical tools cannot simulate accurately
Increase ofi period due to rocking response, leading to
underestimation of footing’s uplift and deck displacement.
Software taking P-o© effect into account must be used.
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