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ABSTRACT

After the Kobe earthquake in 1995, new seismic resistant design criteria were developed and intensive
seismic retrofit work has been carried out in Japan. The seismic retrofit works were consisted of
jacketing the bridge column for improving shear resistance and enhancing confinement, replacement
of bearing for improving seismic behaviour of the bridges, and improving structural details. The
seismic retrofit work was carried out for not only general bridges but also long-span bridges. Currently
the advantage of damping enhancement technologies is widely recognized and this damping
technology has been applied to existed bridges and new bridges. Those seismic improvement
techniques are widely adopted in highway engineering field. However the aging effect of those
techniques is not clearly studied yet. Currently study on the aging effect of those techniques,
especially on seismic isolators, has just started in Japan. The paper summarize the current seismic
retrofit technologies in Japan, innovative seismic improvement technologies in Japan, and the current
summary of study on aging effect of seismic isolators for highway bridges.

INTRODUCTION

Based on the damage experiences to bridge structures in the past earthquakes since the 1923 Kanto
Earthquake, the earthquake disaster prevention technology for bridge structures had been continuously
developed and improved. Recently, Japan experienced two different major earthquakes in recent 20
years history that triggered the major change of the seismic design criteria. One is the 1995 Kobe
earthquake that is categorized to active fault type earthquake and the other one is the 2011 east Japan
earthquake that is categorized to plate boundary type earthquake.

The 1995 Kobe earthquake caused the most destructive damage to bridge structures in the Kobe area.
Collapse and nearly collapse of superstructures occurred at 9 sites, and other destructive damage
occurred at 16 sites. The earthquake revealed that there were a number of critical issues to be revised
in the seismic design and there was an urgent need of seismic retrofit of vulnerable structures. Based
on serious damage experiences, the seismic design code has been revised to introduce the ductility
design method considering level 2 earthquake ground motion caused by active fault and the seismic
retrofit project has started to the existing bridges columns designed in accordance with pre-1980
specifications with high priority, to prevent the collapse of the bridge structure and unseating of the
deck.

The 2011 East Japan earthquake also made variety damage to the bridges structures. Damage of the
highway bridges due to this earthquake can be categorized as effect of strong ground motion, effect of
tsunami inundation, and effect of soil liquefaction. It should be noted in this earthquake that the severe
damage in highway bridges was mainly caused by tsunami inundation. The ground shaking of the
earthquake was also intensive, but the seismic resistant capacity of almost all bridges in the affected
region was already improved due to the intensive seismic retrofit work after the 1995 Kobe earthquake.
The effectiveness of the seismic retrofit was reported based on the experience of Hanshin expressway
[ADACHI et al, An analytical study of damaged viaducts due to the Great Hanshin Earthquake using
estimated input ground motion, 1997]. Figure 1 shows the two expressway viaduct columns that
suffered damages from 1995 Kobe earthquake. The seismic retrofit work was finished for one column
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just on month prior to the 1995 Kobe earthquake, and the neighbouring column waited the retrofit
work at the time of the earthquake. The effectiveness of the steel jacketing method clearly is clearly
recognized by Figure 1. Note that the steel jacketing was provided to increase the shear resistance at
the longitudinal rebar termination.

Other experience was also found at the 2011 East Japan Earthquake reported by PWRI
[HOSHIKUMA et al, 2012]. Figure 2 exemplifies one of the effectiveness of the seismic retrofit for
bridge columns. The un-retrofitted bridge (Esaki Ohashi Bridge) shown in the right side of Figure 2
suffered from severe shear damage in concrete columns. Esaki Ohashi Bridge is 9-span continuous
concrete box girder bridge designed in 1972 design specification. Near Esaki Ohashi Bridge (as close
as 4,000m), there is the other bridge (Kanagasaki Ohashi Bridge) as shown in the left side of Figure 2,
where this is three 3-span continuous steel girders bridge designed in 1974 and the columns were
retrofitted by concrete jacketing. Comparison of the seismic performance with these two bridges
indicates that the seismic retrofit for bridge columns work effectively, although structural type of these
bridges are different and thus the natural period is not equivalent between two bridges.

(a) Retrofit column (b) Un-retrofitted column
Figure 1. Effectiveness of the seismic retrofit of bridges (The case of 1995 Kobe earthquake)
(Tsukimiyama viaduct, Hanshin expressway) [ADACHI et al, An analytical study of damaged
viaducts due to the Great Hanshin Earthquake using estimated input ground motion, 1997]
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SEISMIC IMPROVEMENT OF STANDARD BRIDGES

Seismic retrofit work in Japan was started in 1971. The most major retrofit program was started in
1991 and major retrofit measures were to provide unseating devices, unseating beam width, and
preventing device for excessive bearing displacement.

According to the lessons from the 1995 Kobe earthquake, various new drastic changes were
introduced in the new design codes and triggered the seismic retrofit measures in order for increasing
seismic safety of the bridge structures. The first intensive 3-year program was launched in 1995 just
after the 1995 Kobe earthquake. Because the damage concentrated to single reinforced concrete
piers/columns with small concrete section, the seismic retrofit program had initiated for those columns,
which were designed by the pre-1980 Design Specifications, at extremely important bridges such as
bridges on expressways, urban expressways, and designated highway bridges, and also double-deckers
and over-crossings, etc. which significantly affected highway functions once damaged. Following the
first 3 year program, the second 3 year program was started to provide unseating devices for important
expressway bridges. Continuing challenge was made to provide seismic strengthening of bridge
columns and to provide unseating devises to other bridges and viaducts except the target bridges of the
these 3-year program. However, the speed to promote the seismic retrofit works became a little slow.
The new seismic improvement program was initiated by the damage experiences caused by the 2004
Niigata-ken-chuetsu earthquake in order to accelerate the seismic improvement work and to complete
the improvement for important emergency route rapidly. The retrofit works were to be made
considering the effectiveness and efficiency for road networks. The target bridges in the program were
the bridges designed according pre-1980 design specifications including the bridges listed in table 1.
These bridges shown in Table 1 were given high priority to be retrofitted based on the past earthquake
damage statistical data.

Main purpose of the seismic retrofit of reinforced concrete columns is to increase their shear strength,
in particular at the piers with termination of longitudinal reinforcements at the mid height without
enough development length. However, if only the ductility of piers is enhanced, residual displacement
developed at piers after an earthquake may increase. Therefore, the flexural strength should also be
increased as necessary. The increase of flexural strength of piers tends to increase the seismic force
transferred from the piers to the foundations. It was found from an analysis to various types of
foundations that failure of the foundations by increasing the seismic force may not be significant if the
increasing rate of the flexural strength of piers is less than 2. For such requirements, seismic
strengthening by “Steel Jackets with Controlled Increase of Flexural Strength” as shown in Figure 3
was suggested by PWRI [UNJOH et al, 2008]. This uses steel jacket surrounding the existing columns
and epoxy resin or shrinkage-compensation mortar is injected between the concrete surface and the
steel jacket. A small gap is provided at the bottom of piers between the steel jacket and the top of
footing. This prevents to excessively increase the flexural strength. To increase the flexural strength of
columns in a controlled manner, anchor bolts are provided at the bottom of the steel jacket. They are
drilled into the footing. Piers with a rectangular section also have H-beams installed around them at
the lower end of the jacket. This prevents the bulging of longitudinal bars and keeps the confining
effect of the jacket. Conventional reinforced concrete jacketing methods are also suggested for the
retrofit of reinforced concrete piers, especially for the piers that require the increase of strength.

Sheet jacketing using carbon fiber sheets or aramid fiber sheets, which are light-weight and need only
relatively easy construction condition, have been applied to improve the shear and bending strength at

Table 1. Priority list for seismic improvement program in 2005-2007

Retrofit for Columns

1) Single reinforced concrete column bents with termination of longitudinal re-bars at mid-
height

2) Steel single column bents

3) Fixed reinforced concrete column bents at continuous girder bridges with termination of
longitudinal re-bars at mid-height

Unseating Prevention Devices

1) Simply-supported girder bridges except single span bridge with abutments at both ends

2) Continuous girder bridges with the soil condition of the lateral spreading by the liquefaction
effects
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the section as shown in Figure 4.

Currently, seismic retrofit of standard bridges designed accordance with old design specifications were
almost completed except complicated bridges such that the bridges were built with subway stations or
market stores. For the seismic retrofit of such structures, the most difficult construction requirements

for retrofitting the columns are to accommodate the small construction space and limited construction

time. In order to satisfy such requirement, the new seismic retrofit measures as shown in Figure 5 were

invented by JR East Railway Company [JR East , 2014]. These techniques were also applied to road
bridges.

Rerrofit of
Cut-off Zone
Enhancement
of Ductility —
f - H-beam Retrofit in
Vertical Gap between Plastic Hinge Zone
Jacket and Top of Footing
Enhancement of Flexural

Strength by Anchor Bars

Figure 3. Concept of steel jacketing method with anchor Fig'ure 4Carbc;1 .fibrjc'kétig method
[UNJOH et al, 2008] [OSADA et al, 2000]
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SEISMIC IMPROVEMENT OF LONG-SPAN BRIDGES

Seismic retrofit of long span bridges is difficult due to a high level of inertia force of superstructures
and the increase of the size of bearings, anchors, piers and foundations, resulting in the increased cost
and technical difficulty in manufacturing and implementation of the components and members.
Moreover, since the seismic design of the existing long span bridges is based on the principle of
reduced seismic load demand with the use of long natural periods of the structure, response horizontal
displacement for the Level 2 earthquake becomes significantly large, making it impossible for
bearings and expansion joints on the pier top to follow the girder movements. In addition, sufficient
length of girder clearance between adjacent girders may not be secured, possibly causing problems
including collision between girders or girder unseating from the pier tops.

Continuous challenge was made by Hanshin expressway in order to circumvent those difficulties in
the seismic retrofit of the long span bridges. The Wangan Route of Hanshin Expressway running along
the coast line of Osaka bay consists of various types of long span bridges; therefore, seismic isolation
and response control design was positively employed with the application of seismic isolators and
dynamic response control devices. The seismic isolators and response control devices utilized in the
seismic retrofit project of Hanshin expressway are summarized in Table 2 and the design guideline of
these devices, which consist of the provisions and comments are based on the knowledge acquired
through the investigation in seismic retrofit project of those bridges was published [Hanshin
Expressway Co., Ltd., 2013]. Table 3 through Table 7 show the case studies of each device,
implemented location, and expected performance of these devices applied to long span bridge retrofit.

It should be noted that the design ground motions of those bridges were generated by fault rupture
model considering bed rock formation and thick soft soil deposit of Osaka bay area. The design
ground motions were generated by 3S concepts, source specific, site specific, and structure specific.

Table 2. Element method for seismic improvement of long span bridges

Seismic improvement method Description

Device installed between traffic deck and girders or arch type bridges
to isolate the deck from girders for reduction of seismic force of the
system. The device consists of slide bearing with relatively low
friction and laminated rubber bearings.

Floor Deck Isolation System

The brace of a truss type structure with energy absorption capability
Seismic Response Control Brace | using inelastic and bucking behavior in the axial direction of the brace.

With BRB damper It consists of core elements and sleeve which restrain the buckling of
the core elements.

A shear panel with inelastic energy absorbing capability works as a
damper and stopper, as a countermeasure for excessive displacement at
bridge bearings due to the Level 2 earthquake.

Shear Panel Damper
at Bearing

An inelastic steel damper installed at the gusset which connects the

Shear Panel Damper horizontal beam and diagonal members in truss type structures.

at Gusset

A damper using high damping rubber bearing assemblies, which can
absorb seismic energy by shear deformation without normal force. The
High Damping Rubber Damper | implemented high damping rubber damper system consists of
vertically and symmetrically arranged high rubber bearing assemblies
and connecting cable.

51



LB R 2 BT 5

E AR R ot RAT 5 DRI BT B R 1 SRR A 4 B RBTR R £ LR AL A
mAv A #H R *K"{%’&%j‘}_rﬁ TR A 0 IR A ARG g 0 0 R gt ’h{;le‘fr' fie | i;:;q A
,ii‘t)i‘,ﬁ'ﬂigﬁ;’ cH I F IR mﬁ&?l“‘?}ﬁ B A R ‘F"“Eﬁﬁq__ PHEBg S ,‘"i

v e R4 nF REE TR0 SN EWﬁﬁ“i$%ﬁﬁ*i&ﬁF%%%%J
L AT R MR "+;}%£}1T§€K,{ KO gV §W ﬂﬁ :é;krg_ﬂi I B e 0T A A hg o plelh
Bl AREFFaE g "*;%ng‘i? T B Gy MR AL B2 Fayidy o g‘v{,__)}%igd
£ B2 im R
Mmmn%ﬁQﬁﬁﬁﬁﬁﬁﬁﬁ#ﬂéﬁﬁﬁﬁ%ﬁﬁﬁWW%u}ﬂé/% < %1% f Wangan
M FFEL AT R Jmﬂ&%mﬁi’& ’ rﬂtL HPT R B R ’é%f:‘%l‘;%%%ﬁfrﬁwﬁ F % Bes
P A EA R GuEIE - oAV EP; % Hanshin P sg et » 3% 5 £ 5 %’””Tl% * g
RREBHMEE F13K% b Py gl R m’&“#ﬁ 5@ R R R A EF I E R R
F k] ) S sk a4 T & [ Hanshin Express & & 2013 ) 8 &k = 314 = #- 1 i L A W ek
[IF3E— 247 > & 45 0 chp Bho fodbsta@ * St gl RS SAR R enif ) 2 i L R ko B F
- FhE ek F&%ﬁf‘ﬁ%% BB RTOLAR WAV ARSI R BE > B H TR g 4 K
@wrfé]fkﬁvfs_”mmv' PR kSR om AP e A EE P BERRFTRL IR
ERRHHE R REFEA S o

(w,

\h
R L g
A

d

N

& %«ﬁ
\\E"

il4
Py

%T:

<

o R BRI R cht Bt 5 k1

it BAt 55 1 % P it
E#@&%}I’fr‘i}é gw#_m%l:ﬁ_y;i&-;}ﬁmiﬁ‘frﬁ AHEE kA
4‘%61 FHE k5 NIRRT KR ¢ 7 MARGEDFE N L K E S H

% Hed \ki%jfgﬁo 3 R &i;}v';‘;}*kdy it 4 ,}J At %:_E_’ K =

| 2444 BRB IR
RS T e ER pE ke Rl 75

Bepil 4 T o B A TR R oL B (TS

LAY R R
R RT A2 A BB EORRE A K

(&=

~ PSRN A BEE AR L@ BT R oAl

BRFERT L E |
AT IR Al S A ke

BRI ?ﬁm WA S Al
BILR e L E ERE S L RS R LA

B ke pas § kg R

52



Table 3. Example of long-span bridge retrofit using deck-floor isolation technique

Bridge type Minato Bridge (Truss bridge)
- 235
397 < 186 > 397
Installation
location
P%
O}
N (Unit : m)
Framing
It _J
Sliding isolation Floor deck stringer, ..
bearing
Device ‘
' ®
Structure = : M ’ Ve
- - T T——
R :
e — il
- - idi I Ty )
_ Sliding surface § Truss cross beam & }'
transverse direction E
—
Floor-Deck Isolation System consists of the low friction slide bearing and the elastomeric
bearings adjusting natural period of the floor-deck
Reduction of the inertia force on the floor-deck by seismic isolation (increase of natural
period) reduces response sectional force on the main truss structure.
Performances of the low friction slide bearing and the elastomeric bearing are as follows.
(1) Low Friction Sliding Bearing
Device @ Vertical support of the weight of the Floor-deck
performance @ Reduction of the horizontal force transmitted from the Floor-deck system to the truss

beam with low friction
(2) Elastomeric Bearing
(D Adjustment of the longitudinal natural period of the floor-deck system to reduce its inertia
force transmitted to the main truss structure
@ Restoring the floor-decks to their original position with linear resilient force
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Table 4. Example of long-span bridge retrofit using BRB damper

Bridge type Minato Bridge (Truss bridge)
_ 980 >
- 235 510 235 >
397 I 186 ) 397
s s N N W O I N N N N 7 7 I N, s L L O Y 5
—o AAA OS] J‘>IL>§'I|IWIN\]\[\[ EE A £ R '% Z nﬂm
J© ) ) e
S L — X F
i = == L
. ! Unit :
Installation (Unit - m)
location
N AN ]
~
e \
[ 1 |
I =
[ 1 | r i
Upper BRB damper
< ‘q
. L3 ,"'.s . \-QI‘
Lover BRE camper I8
. - = y
Device
Structure
Teflon plate 8 |
Core steel
Attachment of
core steel =
Core steel | Ga
Attachment of Buckling restraini P
core steel sleeve
The BRB consists of core steel that dissipates energy with yielding in tension and buckling in
compression, and buckling restraining sleeves. As the core member, low yielding steel
(LY225) is used.
Device BPBs come in pairs for use in the Minato Bridge in consideration of construction. The BRB
performances are as follows.
performance

(1) For the Level 1 design earthquake, the core steel shall not exceed their elastic limit.
(2) For the Level 2 design earthquake, plastic deformation is expected in the core steel to
obtain hysteretic damping in the axial force for the reduction of seismic demand.
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Table 5. Example of long-span bridge retrofit using SP damper application to bearing part

Bridge type Steel Arch Bridge
Installation
location
,,,,,,,,,,,,,, FaNA
Il
ffffffffffffffff T o
T O: Installation Location
(Fixed pier) (Movable pier)
Fixed bearing £ Girder Movable bearing
Gap “e”
Stiffener
Device detail Base plate Shear panel
Plan;view
The performance of SP dampers at the bearings is as follows.
(1) Performance of SP dampers at the fixed bearings
D To transmit the seismic inertia force of the superstructure to the fixed pier after the
nock-off of the existing fixed bearings.
@ To dissipate the energy with the hysteretic damping associated with the plastic
deformation.
Device (®To control the horizontal force acting on the fixed pier within the allowable limit.
performance (2) Performance of SP dampers at the movable bearings

(D When the inertia force of superstructure exceeds the allowable load limit of the
fixed bearings, the load is distributed to additional SP dampers applied to the
movable bearings. The dampers at both the fixed and movable bearings dissipate
the energy, reducing the seismic response.

@ To transmit the seismic inertia force of the superstructure to the movable pier
within the allowable limit.
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Table 6. Example of long-span bridge retrofit using SP damper application to gussets

Bridge type Steel Cable Stayed Bridge
|
640 H
120 'r 350 170
. \
Installation
location
Lz Y 2 NN N
= ® \4IH @ ’ ®
(unit:m) ﬂﬂﬂﬂﬂﬂ
(a) Side view
Cross beam
SP Damper at
the Gusset
~ i
Brace (b) Froht VieW
(c) SP damper at the gusset O: Setting location of SP damper at the gusset
Device detail
Shear Panel Tower brace
> ’. -
At the time of a seismic event such as the Level 2 earthquake, the compressive axial force
will exceed the buckling strength of the braces. If shear panel dampers are installed at the
gussets of the braces (SP damper at the gusset), the compressive axial force in the braces
can be controlled within the buckling strength and the seismic inertia force of the
Device superstructure can be reduced.
performance Required performance for SP damper is as follows:

1) To control axial forces acting on the braces within the buckling strength

2) To dissipate the energy with hysteresis damping to reduce the seismic inertia force

3) To control section forces of the columns and beams of the tower within the allowable
values
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Table 7. Example of long-span bridge retrofit using
displacement control device system with HDR damper

Bridge type Cable Stayed Bridge
Installation
location - 885 -
> 200 - 485 - 200 -
{2 ) vavava Sy
Ol [O) Yo T Ohid o] ol
w i i mi| =
il i
QO Installation Location
Device
Structure
Displacement Control System with the HDR
Control of longitudinal displacement using dampers is a very useful concept for all-free
type cable stayed bridges. The displacement control system consisting of high damping
rubber dampers (HDR damper) and connecting cables was adopted for the seismic retrofit
of Higashi-Kobe Bridge. The performance requirement of the displacement control system
with the HDR damper and connecting cables are as follows.
. (1) Performance of connecting cable
Device 1) To transfer inertia force of the girder to the HDR damper
performance 2) To absorb differential displacements in the vertical, transverse, and rotational directions

between the girder and the tower.
(2) Performance of HDR damper
1) To provide supplementary damping to the structure to reduce the inertia force of the
girder.
2) To control the longitudinal displacement of the girder.
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NEW SEISMIC IMPROVEMENT TECHNIQUES FOR NEW BRIDGES

The conventional seismic resistant design expects primal energy dissipation at the bottom of the piers.
Even though the seismically isolated bridge that introduce isolation and damping enhancement, the
collapse mode is designed that the plastic hinge should be made at the bottom of the column.

The new design concept is emerging “Damage control design” [KANAJI et al, 2002]. In this design
concept, the major damages are allowed in only sub members that support lateral forces. These
members are expected to behave in elasto-plastic condition and generate adequate hysteretic damping;
whereas, the main members which support vertical force such as dead load and live load should be
almost elastic. This concept has been already employed in the field of high-rise buildings.

The new innovative integrated steel pipe pier with shear link is composed of four steel pipes
interconnected with shear links along its height. Steel pipes as main members, support vertical load
(such as dead load and live load). Shear links as sub members resist horizontal load (such as seismic
load). The application of the damage control design can reduce a response of the pier and it can keep
steel pipes wholesome during earthquakes. So, not only emergency vehicles but also ordinary vehicles
can pass immediately after earthquakes. Moreover restoration cost after such earthquake can be
significantly reduced, because the main members remain almost elastic. Figure 6 shows the newly
constructed integrated steel pipe pier applied to Ebie junction which connects the Yodogawa-sagan
route to the Kobe route of Hanshin expressway [KOSAKA et al, 2012].

This new structure was also adopted to the bridge widening project of Hanshin expressway.
Conventional design for the bridge widening project will be to strengthen the piers and footing to
satisfy the additional dead load and horizontal load of the widening structures. But the due to the high
density utilization of underground space sometimes did not allow the strengthening the existed pier
and foundation due to lack of construction space in underground. The Nishi-Senba bridge widening
project introduced this innovative pier as sacrifice pier that will support additional dead and whole
lateral load. Design concept and image construction view are shown in Figure 7 [HORIOKA et al,
2014]. 4

3, T | e BE-1 HEEHORREAL
(a) General view (b) Connection between steel pipe and footing
Figure 6. Integrated steel pipe pier with shearing plate

BRRL

Conventional bridge widening method

h

Bridge widening with sacrifice pier concept
(@) General view (b) Configuration of sacrifice pier
Figure 7. Sacrifice piers
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RE-EVALUATION OF SEISMIC ISOLATION DEVICES FOR BRIDGES

Since the 1995 Kobe Earthquake, the elastomeric bearings have been extensively used in construction
of new bridges or in rehabilitation of existing highway bridges as the replacement of conventional
steel bearings with the application of seismic isolation design in Japan. Rubber is made of a highly
polymerized compound and the rubber has aging deterioration in nature. Long-term mechanical
properties changes of elastomeric bearings result in stiffening due to continued vulcanization of the
elastomer and degradation of elastomer due to exposure to ozone.
There are few reports that contain the information of aged properties of elastomeric bearings. Wide
variety of aging information in US and UK [CONSTANTINOU et al, 2007] is reported. The report
said that some tested elastomeric bearings showed stiffening in the horizontal shearing test and slight
changes were found in the mechanical properties. However, no significant changes were reported. In
Japan, high damping rubber bearing in-service for 10 years were removed from the bridge and tested
the mechanical properties [SUDO et al, 2003]. No significant change in mechanical properties of
bearing and rubber itself were found.
However significant damages of rubber bearings were found at the great east Japan earthquake. Figure
8 [TAKAHASHI, 2012] shows the rupture damage of elastomeric bearing observed at Sendai East
Road / viaduct due to 2011 great east Japan earthquake. The bearings were ruptured at the bonding
boundary between rubber and steel plate [HIROSE et al, 2011]. Such significant damage was found
not only in earthquake loading condition but also in long-term service loading condition.
In case of Hanshin expressway, approximately 32% out of total assets about 87,000 were replaced to
laminated rubber bearings. Most of the rubber bearings were replaced after the 1995 Kobe earthquake.
Some aging deteriorations were found in those bearing as shown in Figure 9. Figure 9(a) shows the
lead leaking out from the rubber surface of the lead rubber bearing. Figure 9(b) shows the ozone crack
found on the surface of the laminated rubber bearing. The remaining seismic performance of those
damaged bearings was not clearly studied yet. In order to study the remaining performance of aging
- - N '

- "

(a) Dislocation of girders due to RB damage (b) Close view of damaged RB :
Figure 8. Seismic damage observed at the 2011 great east Japan earthquake

| S o
(b) Ozone crack (RB 27 years in-service)
Figure 9. Typical aging damage of LRB and RB under service loading condition

(@) Lead leaking out (LRB 17 years in-service)

65



BRRREL PEIRER
BiéI%BEmﬁE%LQ’ﬁ%i&@%ﬁﬂﬁ?ﬁﬁgﬁﬁ’f

R £
,,323‘7-:& ERLE= Y ]“n‘ ’ li_ﬁ\”){,\’i—\m«‘}”ﬂr}? S REF Y ’?ﬁ_ﬁ"fgfi’\gail‘ > B é—%?ﬁ%?"‘ FoE
bRy R e
$HTHIE L KRR ¥ e AT ] ﬂpzx;’¢¢mﬁiwm?%ﬂ%ﬁ%ék Aot Be
\ﬁﬂwﬂ%u%*%‘*%ﬂxmﬁ sk TR RN IE L AR A AR g R
MR B XA AT AP TR ALE 10 £ 0§ R PO A KRR g AR 4 (AT
If*%ﬁﬁﬂﬁﬁ[ﬂmmww B AR S A HFRL RS LR AL B RY
o L (o
R ARP AAERYET B REL TS LG o B T D A Sendai A BB
)}%_; » F 5 2011 £ 3 BATE A chEMR L KA HE g o %grz}«t B HIR K o 4F & %]Fﬁ—‘ﬁ}f«%
R 1 (HIROSE 2011 ) > et Eendf > 3 MR 2 B4 PFOFRLZT > b 2 h P i
T AR

*UJ

' 2

3 > ‘Jr;*

v Hanshin $-i 3§ # 4 52 ‘é%’w?ﬁﬁ£§87%0@$wﬁ’ 9 3296 KE s {
ﬁ%%ﬁi&ﬁ’aﬁﬁkﬂr &w%mﬁkﬁg Gt gEene B4 T LF FITE S E Y el
<

50 B4 =R (a) T ¢‘Eﬁ* Kk e 1%» %5 e fpmofz% » @ B4+ B (b) Gtz
BB LY i,:,\,m);’d)’éx, e : rT‘JiE- PR AR 0 B R4 T AR A A
AR TTE 0 Fl 0 5 lﬁﬂqj%';{ B TR RS F A AE R
717 E ke B KA % 27’&_%:1#@\/} KR ™ ko X 2 {H R RE 2 P A
MR 7R o

(a) 714 A %ﬁw¢ B i (D)% A5 4 Kk 2 1T
BA. 2011 & & p & Rt rmBD o

(a)lT & @& * {5 40cmi% 5 (b)27 & |é T RBELE RB SRR
Bl4. i r 24 RE2 L REagy MG

66



bearings, LRBs in-service of 17 years and RBs in service of 27 years were removed and tested the
mechanical properties of bearings and rubber itself.

Figure 10 shows the horizontal cyclic loading test result of the LRB of 17 years in-service compared
to the new product made by the old recipe of 17 years ago called “Reference” bearing [ADACHI et al,
2014]. The stiffness of the aged bearing was increased due to rubber hardening. This is the expected
phenomenon. However, the hysteresis loop of the aged bearing shows much smaller compared to that
of the reference bearing. This means that the energy dissipating capacity was drop or decreased due to
the aging. These mainly reasons were considered of the damage of the lead plugs as shown in Figure
11 where the cross cut section of the tested deteriorated bearing was shown. The inside lead plug was
completely fragmented and the colour of the lead turned to yellow due to oxidization.

Figure 12 shows the horizontal push-over loading test result of the laminated rubber bearings of 27
years in-service compared to that of the “reference” bearing [ADACHI et al, 2014]. The strength
capacity of the aged bearings was pretty small compared to that of the reference bearing. Figure 13
shows the surface of the aged bearings with ozone cracks. This result shows that the ozone
deterioration might reduce the strength capacity of the aged bearings.

These are a part of the facts obtained by the aging study on the seismic isolators conducted by
expressway companies in Japan. The aging study of those seismic isolators is just begun. A lot of
fundamental studies are needed to clarify the mechanism of the aging and deterioration of those
isolators.
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Figure 10. Remaining seismic performance of Figure 11. Fragmented lead plug of damaged LRB
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CONCLUSIONS

This paper summarized the effectiveness of the seismic retrofit measures, the seismic retrofit measures
for standard bridges, the seismic retrofit techniques for long-span bridges, new seismic performance
improvement technology and the aging study on seismic isolators.

The seismic retrofit is the effective to reduce the seismic damage to the bridges. The effectiveness was
verified by many experiences of the past earthquakes in Japan. The continuing effort should be paid to
complete the retrofit work of all bridges in the country.

However, new problem, the aging or deterioration of the seismic improvement measures, especially
isolators, is revealed. This is a quite new engineering problem. The aging mechanism should be
clarified, the remained performance should be evaluated in engineering way, and the adequate
maintenance measures for seismic isolators should be made in proper manner.

The continuing challenge is still needed.
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