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Photo 1 Innoshima Bridge

Activity of HSBE

Seismic retrofit design of Innoshima Bridge

Innoshima Bridge is located in the strait where there is no
alternative route. Considering the importance of the bridge,
seismic retrofit is planned to be completed by FY2025.

By the seismic performance verification, it was found that
the amount of longitudinal movement at the side span was
large, and damage was concentrated at the truss girder ends
due to the collision between the endstopper and the truss
girder ends at the anchorage. For the transverse direction,
damages to the wind tongues and surrounding members were
observed. In addition, damages in the supports for road deck
and pedestrian/bicycle deck and rupture of the center stay
ropes were observed.

In the seismic retrofit design, the installation of viscous
dampers to avoid collision between the truss girder ends and
the end stoppers was selected to suppress movement of the
truss girders in the longitudinal direction. For the transverse
direction, the wind tongue reinforcement by adding anchor
bolts and replacing the wind shoes was selected.

However, even with the above mentioned measures, the
collision between the road girder and the large expansion
joint at the main tower could not be avoided, and the large
expansion joints will be damaged. Therefore, from the
viewpoint of ensuring the functionality of the emergency
transportation route, acceptance of damages to and
prevention of falling of large expansion joints were decided.
In addition, the supports for road deck and pedestrian/bicycle
deck were to be replaced.

The Innoshima Bridge required the most extensive seismic
retrofit in the suspension bridges of the Honshu-Shikoku
Bridges, due to the effects of the assumed Geiyo earthquake
considered in the design seismic motion. Honshu-Shikoku
Bridge Expressway will facilitate steady seismic retrofit.

B4-1 MR & P
Fig.1 Location of retrofit



FRN7asz ok

| BERAD) O EROEBEETE

FRIEA~A 7Y w21, 1989 (CERkon) 49 At %
BALAE L. L 30 4ELL EEm L TR0, BB L
I LWEBRE TO-0, BEO SRV TEE
LALDOEEITHNFER INTWNE LT, T2, A% W)
DR BERETHABEELVERL TEBY,
2021 FFIZ FEEOBBRBENTE T LE L, SRNEEE
DWRBETEOMEL M LET,

FRIERA 7Y » DO EBBRBRERE L, MR X 58
BREFCTHDLZ L, F-BERMETCHDL Z L0
5. 7A 7V A7 VvaR MEBELT, 5o REEERE
PRV EHMEBEAITONE LT,

RS, SRS, mEY. 20 KT KO ENA R
REEEZ AW LafTWE Lz, EBEEo 7 —F
T ENSHEI T AT E TCIIMMEERAREL, T
HKERIT R RS ERE L T2 LE L7, EKm &
O EOTEAMU GEMD) K OVl GERRM) 1%, <
NENERTA FL—LERHA LI RT72RE L
Wi T 21TWE Uiz,

TG (r—7 ViEfD X, B oA KL—
RN, vt a R DOERE T HE T H
ENTWDIBENABERES (V7 b7 F4~—) ZH0
T LAEITWE L2 U7 b7 T4 ~—IF, BT v
HMWBATA RT X ZREVHT I ENTEHHET
HHD, FEMADOHTA FL— W l~ A FEFRBE L,
A — 7 VIEHI O T 21TV F Lz,

EEAKERRIIAR T FEHICKE, BYELz2=v M2
WAL LAITWE Lz, A=y FESIL 13
DEILTEY, 1 ETO4E - MEBHH L CEEL, —K
b3 5z &T, BHEEELFEREBITIEDT D 2
CRRE - WEEITO O ENRTEELE,

ZDOEIITHIIERA TV v O EERETHF I,
FTATHA I NVaR NEBE LB Z8®EL, ki
RS EA W TEBRERETHEL2ITVE Lz, SRR
BR A a2 O LI HIEN L TV FETT,

(EH L E R L E#R e L CTHE E L)

M—2 ERBRFHRETFEHMEX
Fig.2 Scaffoldings for Repainting of Main Tower

Project in Japan

| Repainting work for the main tower of Yokohama
Bay Bridge

The Yokohama Bay Bridge has been in service for more
than 30 years since it was opened to traffic in September 1989.
Past inspections have confirmed the progression of paint film
deterioration due to the severe corrosive environment of the
harbor. Therefore, the first large-scale repainting work after
the service was started in the past fiscal years, and the
repainting of the main tower was completed in 2021. The
following is an overview of the repainting work of the main
tower.

The Yokohama Bay Bridge main tower was repainted
using fluoropolymer paint to extend its service life in
consideration of life cycle costs, due to the corrosive
environment caused by sea breezes and the low accessibility
to repaint.

Repainting work was carried out using framed scaffolding,
suspended scaffolding, gondolas, and mobile scaffolding.
Framed scaffolding was installed from the footing at the base
of the main tower to the bottom of the stiffening truss, and
suspended scaffolding was installed for the lower horizontal
beam. The outside (seaward side) and inside (roadside) of the
main tower above the road surface were repainted with
gondolas using the existing guide rails.

Since there were no existing guide rails on the bridge axis
side of the main tower (cable side), the mobile scaffolds (lift
climbers) were used that are also used for repair work on
condominiums and buildings. Since the lift climber has a
structure that allows the slide deck to be extended from the
scaffold deck section, the cable side was repainted with masts
installed on the guide rails on the outside of the main tower

The upper horizontal beam was repainted with a unit
scaffold designed and fabricated for this project. This unit
scaffold was divided into 13 sections. Each section was
erected, moved horizontally, fixed, and integrated into a
single unit. The construction process enabled the installation
and removal of the unit scaffold without closing the
Metropolitan Expressway Bayshore Route.

As explained, the paint materials were selected with life-
cycle costs in mind and various types of scaffolding were
used for repainting the Yokohama Bay Bridge main tower.
Metropolitan Expressway Company Limited plan to apply
this experience to the future construction work of other
bridges.

(The information is provided by Metropolitan Expressway)

FE-2 BEAEALE (V7 774 ~—)
Photo-2 Mobile scaffolding
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Photo 3 Rupture of Rubber Damper

Project in Japan

Damage and emergency countermeasure of
rubber dampers at cable end of cable-
stayed bridge

The Megami Bridge is a cable-stayed bridge, opened in
2005. The stay cables have dampers made of rubber at each
cable end. However the damages of dampers were observed
because of natural disasters such as a typhoon Shanshan
(2006). After that, the damages has occurred repeatedly
during windstorm and typhoon passage.

Therefore, 104 cables in total were inspected in 2019 and
damaged dampers were observed on 86 cables. And 8
dampers were broken and 12 dampers had cable contact
scratches. Although the damaged dampers were replaced each
time, damaged dampers have been observed continuously.
Countermeasures of these damage was discussed since 2021
and emergency countermeasures were conducted for 52
cables in 2022. In 2023, the same countermeasures will be
conducted for remaining 52 cables.

The rubber damper at cable end elastically restrains the
cable itself and controls the vibration when the cable vibrates.

However, when the cable vibrated significantly for some
reason and the vibration amplitude at the cable end exceeded
the tolerance range, it leads to damage or rupture due to
contact with the bolt.

In order to physically avoid damages caused by cable
contact, buffer materials will be installed on the sheath pipes
for emergency countermeasures. In addition, permanent
countermeasures will be discussed in the future.

(This information is provided by Nagasaki Prefectural Road
Corporation)
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Fig.3 Installation Image of Buffer Material

It is available on the web
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Overseas Project

| Inspection of Bridges after 6 Feb 2023 Turkey
Earthquake

On February 6, 2023 two earthquakes (Mw 7.8 and Mw
7.5) occurred in mid-South Turkey. These earthquakes caused
widespread damage on 11 provinces effecting a population of
more than 15 million. More than 50 thousand people are
reported to be killed while the total damage is estimated as
more than 100 billion US dollars.

The damage on buildings were extensive. The typical
building type in Turkey for residential structures is a
reinforced concrete frame of columns and girders with infill
walls, made from bricks or masonry blocks. The lack of
seismic design of these structures caused total collapse in a
pan-cake style which was the primary cause of the extensive
life loss as seen in an example illustrated in Photo 4.

While the residential buildings showed a very poor
performance the bridges of the road infrastructure can be said
to have acted soundly. After the earthquake IHI engineers
organized a field tour between March 7" and March 10%,
2023, to examine the structural conditions of the bridges in
the disaster hit region. The main focus of the inspection was
the bridges on Tarsus-Adana-Gaziantep motorway where
there are various viaducts on the mountain passage near city
of Nurdag which is only 50 km far from the epicenter of the
first earthquake. All of the inspected bridges near Nurdag
have reinforced concrete piers where the superstructures are
either of steel box type or prestressed precast concrete girder
type. It was observed that the damage on the bridges are
limited to the bridge ends and concentrated on bearing
expansion joints and viscous dampers. Majority of the
expansion joints were observed to be damaged which is very
natural for an earthquake of this intensity. Substructures of
the inspected bridges seemed to have behaved well, except a
few cracks on majority of the bridges, but one of the bridges
had a pair of piers with apparent buckling damages (Photo 5) .
This particular bridge had also experienced severe buckling
at the end girder due to pounding of the bridge superstructure
to the abutment (Photo 6). It seems that severe longitudinal
movement occurred during the earthquake caused this
damage.

Several other highway bridges in the region are
investigated including long span cable stayed bridges, and it
was observed that the structures have performed within the
performance level expected for this scale of the earthquake
which is considered as an earthquake with a return period of
1000 years. However, although being within acceptable
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TH-4 FAELIETEE (Adiyaman)
Photo 4 Collapsed Residential Buildings in Adiyaman

BH-5  AEI o JE R I
Photo 5 Pier damage due to local buckling

It is available on the web
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performance level structural damages needs to be

assessed carefully for their impact on the possible reduction
of the structural capacity of the structure. The reduced
capacity especially for the reduced flexural strength of the
piers needed to be compensated by retrofitting measures. The
reduced structural rigidity caused by the structural damages
would possibly induce larger pier movements during possible
future ground motions that necessitates the implementation of
fall down prevention devices of superstructure as retrofitting
of the damaged simple girder PC bridges of the region.

(This information is provided by IHI)

BE-6 Fatrim OB 5
Photo 6 Box girder damage at bridge end.
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Photo 7 Presentation from HSBE at IABSE

International Conference
IABSE Symposium Istanbul 2023

International Association for Bridge and Structural
Engineering (IABSE) Symposium was held in Istanbul, from
April 26th to 28th, 2023. There were two massive
earthquakes in southern Turkey in February 2023 and there
was a possibility that the symposium itself was not held, but

the face-to-face symposium was started.

IABSE was established in 1929 to discuss many topics
such as technical and research performance about plan,
design, construction, maintenance and repair of civil
engineering structure. Symposium papers had been invited
based on the theme namely “Long Span Bridges” related to
the longest suspension bridge “1915 Canakkale” in the world.
Many papers about it were presented by a variety of persons
from university institutions to construction consultants.

Mr. Hanai, Long-span Bridge Engineering Center, and Mr.
Shimose, Shimanami Onomichi Operation Center from
HSBE presented “Management of Dry Air Injection System
for Main Cables of Suspension Bridges in Honshu-Shikoku
Bridges for 20 years” and “Seismic Retrofit using the Largest
Viscous Damper in Japan”.

In addition, organizations from various countries provided
information on “the design and construction of the longest
suspension bridge (1915 Canakkale)”, “Bridges to Prosperity”
and “Construction Technology Innovation of 2300-meter
Suspension Bridge”. The next IABSE symposium will be
held in Manchester (UK), 2024.
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Photo 8 Presentation from HSBE at IABSE



