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SEISMIC PERFORMANCE OF SLENDER WALL-TYPE PIER WITH
CONCRETE HINGES
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1.INTRODUCTION

Hinges are used from past 19" century in reinforced concrete
bridges piersto reduce basefixity and thereby decreased cost of
foundation. There are no specific design guiddines in codes.
Therefore concrete hinges details are commonly designed
based on purdly axid load and shear load capacity offered by
the amount of longitudind hinge reinforcement a hinge. The
concrete hinges adlow repeated smdl rotetion at pier base and
hinge prevents excessve flexurad dresses from pier entering
into the foundation. In past Earthquakes, bridge structures pier
with hinged base were damaged. Since then sructura safety of
pest bridges ae of grest concern. Therefore Meshin
expressway congtructed in 1960 is chosen with pin connections
in intermediate dender wadl type pier base and moment
resrained end supports. Objective is to investigate moment
trandfer mechanism in week direction during large rotationa
for asbuilt pier with oneway concrete hinge as shown in Fig.1.
Seven full scde tet specimens with dight changes in
parameter are fabricated. Five specimens were subjected to
reversed cyclic loading test and rest two gpecimen subjected to
monotonic load dl specimens tested in week direction with
congant axia force.
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Fig.1 Typicd Meshin Expressway bridge

2.EXPERIMENTAL PROGRAM

All the test specimens are categorized based on tota cover
concrete on both sdes of hinge section and loading type.
Concrete hinge specimen without cover concrete as bare hinge
bar, basic specimen with total 138 mm cover concrete a hinge
and conventiona specimen with 278 mm cover respectively.
Bare hinge reinforcement at center without concrete cover for
20 mm height connecting end blocks, basic specimen isas built
bridge pier and conventiona RC pier without reduced throat
portion subjected to monotonic load. Basic and bare test
specimen dructurd detals are as shown in Fig.2. Two
specimens of each type fabricated one with deformed bar and
other with plain bar. Additiond basic specimen with deformed
hinge bar and rubber protection surrounding throat is
congtructed.
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Fig.2 Basic and bare hinge specimen

3. TEST RESULTS

Fig.3 shows the pure hinge behavior with and without
second order  effect. Figd shows rotationd  diffness
degradation response of basic target test specimen representing
actud bridge pier deals Fig5 shows rotationd diffness
difference for basic specimen hinge section gap with rubber
and without rubber effect a hinge throat during smal and large
rotation. Fig.6 shows conventiond reinforced concrete pier
with Mesnager hinge reinforcement details response under
monatonic loading.

Photo 1 shows the find failure mode for basic specimen
with plain hinge reinforcement due splitting tensle cracks
above throat. Photo 2 shows for deformed bar basic test
specimen. In conventiond pier severe brittle flexurd failure
occurred a weskest section under smal rotetion is as shown in
photo 3.

200

Experiﬁnent Excludiﬁg P-Delta
Experiment Including P-Delta
Analysis Including P-Delta

100

Moment [kNmt]
(=]

-100

-200

-0.2 -0.1 0 0.1 0.2
Rotation [radian]

Fig.3 Moment Rotation for bare hinge specimen
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Fig.4 Moment Rotation for basic target specimen with plain bar
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Photo 3 Failure mode for convensiond pier with deformed bar
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Fig.6 Moment Rotation for convensional pier test specimens under radians. But test results showed steble moment rotation
monatonic load response even during large rotation up to 0.1 radian, when the

goplied rotation reeched 0.11 radians sudden severe
compressve shear litting occurred.  Therefore to  fix
increasing seismic demand during indadic rotations this
gructurd joint requires suitable srengthening et pier base.
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