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Information from HSBE

Improvement of Dry-Air Injection System
for Cables of Seto-Ohashi Bridge

The main cable is one of the most important members
of suspension bridges. Therefore, protecting cables
from corrosion is an essential task in maintenance. On
the other hand, it is difficult to monitor the corroding
condition inside the main cables, since the main cables
are composed of several tens of thousands of galvanized
steel wires with each diameter of approximately 5mm.

In some main cables of suspension bridges which were
built in the early days of the Honshu-Shikoku bridges,
investigations inside the main cables were conducted
after several years of operation. The investigations
revealed that water remained inside and rust occurred
inside the cables by the conventional protection system.
In order to reduce the high-humidity inside the cables,
the Dry-Air Injection System was developed and
introduced to suspension bridges, including the Akashi
Kaikyo Bridge, as well as existing suspension bridges,
including the Honshu-Shikoku bridges.

In three suspension bridges of the Seto-Ohashi Bridges,
completed in 1988, the system came into full operation
in 2002. The system for these suspension bridges
has three injection points per each cable. The dry air is
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Fig.-1 Configuration of Dry-Air Injection System and Humidity Distribution
(At east cable, on the Minami Bisan-Seto Bridge)
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injected into the cable from injection covers and
exhausted from exhaustion covers. After three years of
the system operation, high-humid portions near
exhaustion covers were remained (Fig.-1).

To eliminate these high-humid portions, the following
three methods were compared, 1) to reduce air leak, 2)
to increase the dry air volume, and 3) to reduce the air
flow length. By analytical comparison, reduction of air
flow length was selected to be the most efficient. In
order to reduce the air flow length, additional injection
covers were installed between existing injection covers
and exhaustion covers and existing injection covers
were converted to exhaustion covers in the center
spans. After the installation of additional injection
covers, high-humid portions disappeared (Fig.-1).

Overseas Information
San Francisco—Oakland Bay Bridge

Overview: The Existing San Francisco Oakland Bay
Bridge

The San Francisco-Oakland Bay Bridge indeed
qualifies as a “long-span bridge.” Built in 1936, the
bridge covers over eight miles to span San Francisco
Bay and connect San Francisco with the thriving East
Bay region(Fig.2). It extends from the toll plaza in
Alameda County, over the mudflats near Oakland, to
the deep shipping channels to the west. A one-mile
stretch of freeway and multiple on and off-ramps (the
West Approach) connects the bridge to an imposing
anchor in San Francisco.

Seventy years ago, the Bay Bridge was designed to
withstand high winds, varying accessibility to bedrock,
and moist salt air. Constructed near two major fault
lines, it was also built to resist earthquakes.

In order to meet these varied and daunting challenges,
the original bridge was designed as a composite of
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Photo.1 Construction of Skyway Section

several different bridges, with double deck roadways.
Today, the upper deck accommodates westbound traffic
towards San Francisco and the lower deck allows travel
eastbound towards Oakland.

Twin suspension spans (West Span) cross over deep
shipping channels near San Francisco, to anchor in
bedrock. A truss-cantilever section (the longest of its
day in the United States) spans the shallower waters
near Oakland (East Span). The world’s largest diameter
bore tunnel connects the two spans at approximately
midpoint in the bay at Yerba Buena Island.

In addition to being one of the longer bridges in the
country, today, the Bay Bridge is the third busiest
bridge in the United States — carrying approximately
280,000 vehicles a day and serving as a regional
lifeline structure.

The bridge spans one of the most environmentally
sensitive marine environments in the world — home to
numerous species of fish, marine mammals, and birds.
This remains a key consideration in the design and
construction efforts underway as part of the Bay Bridge
Seismic Safety Projects.

The Loma Prieta Earthquake

In 1989, the 7.1-magnitude Loma Prieta Earthquake
caused 250-ton section of the cantilever’s upper deck to
collapse on to the lower deck. Following the earthquake,
the East Span was seismically retrofitted and reopened.
A lengthy, complex, and very public process then
followed to determine the best approach for long-term
repair and seismic upgrade of the entire Bay Bridge.
World-renowned leaders in the fields of seismology,
geotechnical engineering and other disciplines served
in an advisory capacity throughout the process.

Following intensive review, it was determined that
the twin suspension bridges of the West Span (near San
Francisco) could be brought up to seismic safety
standards through extensive retrofit work. This
five-year effort was completed in 2004.

In marked contrast, studies indicated that it was more
cost effective to retrofit the two-mile East Span near
Oakland through a complete replacement. This work
is currently underway.

One Bridge: Many Mega Projects

The Bay Bridge Seismic Safety Projects, which began
in 1998, entail a series of highly complex projects that
require intensive scheduling coordination, demolition
and construction work, and equally challenging traffic
realignments and detours. Perhaps the greatest overall
challenge is keeping traffic flowing as major
construction work continues. Some of the projects,
including the construction of the new Self Anchored
Suspension (SAS) span, represent firsts in design,
construction, and use of cutting-edge seismic safety
technology. Throughout the work, water quality, marine
wildlife, and other environmental considerations are
closely monitored.

Extensive seismic retrofit work has already been
performed on several portions of the Bay Bridge
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Corridor, including a complete retrofit of the West
Span. Much progress has also been made on the
highly-staged retrofit-by-replacement of the one-mile
West Approach (1-80 freeway) to the bridge in San
Francisco, where existing structures are being
completely removed and replaced with a seismically
upgraded roadway within the bridge’s existing
footprint.

By far the most visibly dramatic work will occur on
the East Span, which will be reconfigured with parallel
road decks — representing a major change from the
existing double decks. There are currently a total of
19 contracts in various stages of construction, design,
or completion on the new bridge.

These projects include the construction of a 1.2-mile
-long Skyway section (Photo.1), composed of 452
pre-cast concrete segments supported by massive piers.
The Skyway, which is slated for completion in late
2007, will connect to the world’s longest, single-tower
Self-Anchored Suspension (SAS) span -- the signature
element of the new bridge. Other projects encompass
the construction of a new touchdown area in Oakland
(Photo.2), and a new transition structure connecting the
parallel road decks of the SAS with the double decks of
the tunnel at Yerba Buena Island and the West Span.

HE-2 A—7 T NIRRT D BT
Photo.2 Toll Plaza called the Oakland Touchdown
Progress Report: The Self-Anchored Suspension Span:

In April, 2006 — the centennial anniversary of the 1906
San Francisco earthquake — an important milestone was
achieved on the Bay Bridge, with the signing of a
contract awarding construction of the new Self
-Anchored Suspension span (Fig.3) to American Bridge
/Fluor Enterprises, a Joint Venture. At $1.43 billion, the
award represents the largest public infrastructure
contract in California history. (American Bridge/Fluor
Enterprises presented the lower of two competitive bids,
which came in under the engineers’ estimate.) The
suspension span was designed by T.Y. Lin/Moffat Nichol
Engineers, a Joint Venture.

American Bridge/Fluor Enterprises, a Joint Venture, is
currently mobilizing staff at the field office at the foot of
the bridge in Oakland and continues to develop design
submittals and finalize agreements with manufacturers,
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fabricators, suppliers and subcontractors. A contract
was signed in July, 2006 with Zhenhua Port Machinery
Company (ZPMC), of Shanghai, China to supply and
fabricate all major steel structures in the SAS, including
the tower, orthotropic steel girders, and bike paths.

When completed, the SAS will transform the existing
bridge’s appearance with a unique, asymmetric design.

The roadways, which are configured as stacked decks
on the existing span, will be built as two parallel
roadways with five lanes each. The new span will
also feature a cantilevered bicycle/pedestrian path. All
elements of the SAS, including the tower, piers, and
lights, will emphasize an elegant, modern appearance .

The 525-foot tower will provide an architectural
complement to the higher tower on the Bay Bridge’s
West Span. It will be made up of four separate legs
connected by shear link beams, which are designed to
move separately and to distort and absorb most of the
shock during an earthquake and to prevent catastrophic
damage to the main structure. The damaged beams can
later be removed and replaced.

SAS Foundations

Work on the marine foundations for the SAS are well
underway through a contract with Kiewit-FCI-Manson
(KFM), which is also building the Skyway portion of
the new bridge. The larger of the two marine
foundations will support the 525-foot tower (T1); the
second marine foundation is to the east of the tower and
will support the eastern end of the road decks (E2),
closer to Oakland. Two massive land-based structures
on Yerba Buena Island will support the structure’s
western end (W2)(Fig.4), where the main cable for the
suspension span will extend down from the tower and
loop around the western end of the road deck(Fig.3).
The land foundations were completed in 2004 through
a separate contract.

The massive T1 foundation consists of a steel footing
box, which is welded to the steel shells surrounding each
of the thirteen Cast in Drilled Hole (CIDH) concrete
piles. These piles extend 196 feet below the waterline to
anchor in bedrock — presenting a considerable challenge,
which has been overcome. The entire steel footing box
(which is currently on its way to the Bay Area from
Texas, via the Panama Canal!), is encased in concrete to
make up the tower foundation, which will measure 85



RESIFRE 85 74—h & 73 74—h JES 21 74
—hTT,
HIGFTHar 7 — AL D DE 43T C
FIRRESNELZ, TEIIgkiaE < AN~y 772
RC a7V —hbTE TR, auw s iryTra 7t
FEIEILD T35 CHRMEDOIEVLE IZE ESN TV E
T, EEBIZ ey 2y N B K AR ) O SRR ~
e a7V —hC R 8 74— hOEZETT, Tl
D7 —T 47 5E KFEM 47 a7 —e R (kT
XA THRYWESIL, 2 A%~ 28z T
WP FECTHEINELE, 7—T 40 A ET— T
TF—MED T EELeEHT A TETT,

2y 7y hOVEEB IO NATRIEEITK T
LCWET, 7—T 47BN =nbEE T,
NAMAERESND TIETT, Fio, HERHS T1 X
TENAND—RKOEIZHESND T E T, ZDOBLH
%, BV 7 AV =T PN HE IR M T T E T,

B2 1L SAS A XD Z D) /\73>zh71$ﬁé°u_
HiLPaIT ZE T2 R 57200 OB - DR§IE 27
STWET, ZNHD DO KT 52 74—mﬁé
O CHEFES N E T, FEEORIRDOTEIL 80 7+
—h& 200 74 —bDOFEE T, A—2 T RIZIT VR
I CIAMEETOWINENT-0, iEr 2516
AROFUIH 7T v A OREEZ B, AEET
BlESHLTDIT, K 338 71— M)i?ééiﬁ@%uz
Emwiuto ;ﬂ%@fﬂ;@/w’z% DNTH3T T
Fraxsdv, ki BTSN TnET, fﬁi@%ﬂ%x
TA— N WSV EEDTZDIT fﬂﬂ%/f—‘/‘/f
DOWANZ RC a2 7 —hH3 TR ézhibto BRIk
Y —IRA VK E ERY 120 70— b@méiﬂﬁi
WTWET, % TINHD2ARD /A /UL SAS A
DOEKEHTOE F THFry 7B —AIZ5o T, SAS A/
YOIEERHIREIIND T ETT, B2 ORANV TR
TR TLTRY, 7—T7 4 77 —50N 2XAJVIZH,
FERESNTOET,

OO EERFEE2, T TH1X 2008 4 3 HIZ5E
THTETT,

w2
AT T F BOER22HOOHELET SAS &
N OPNE XFFLET, TNENRESIT P mE T
1 20m X 20m T, S 9m T, FNEND IEHENS
AAROFED 36m (100ft) DESE TS L3, Fyy
T LD MINGETHTETT, Fry /B —Al%
SAS AR D B T.O—HEL Tk TR SIVET,
BRI B O LI s A - T 25m80f) DIESET
BIFELCWVET, ZNHOHEEIZIT, ST 1 —
T — 0350 SAS A DT v T —r—T )L NE TE
ENFET, ZLT. ZNLDOT U —r—7 % SAS
AR D THEBRIO P CHRERESNET, 207 mdx

feet long, 73 feet wide, and 21 feet thick.

The CIDH piles are constructed in two parts. The lower
portion is made up of massive amounts of heavily
reinforced concrete, anchored deep into bedrock through
through a method called rock socketing. The upper
portion is a continuation of the concrete, from the rock
socket up into a permanent steel shell, about eight feet
in diameter. The T1 footing box was fabricated by
KFM Offshore Services in Texas and was shipped in
late February to the job site via the Panama Canal. The
footing box should be crossing through the Golden
Gate shortly.

The rock socket work and pile driving has been
completed. Work will continue with the welding of
the footing box to the piles, when it arrives from
Panama. Seismic sensors will be installed in the
bottom of one of the T1 piles, so that the California
Division of Mines and Geology may monitor shaking
during earthquakes.

The E2 foundation is comprised of twin structures to
support the separate east- and westbound road decks of
the SAS.The foundations will be linked by a 52-foot
-long steel girder. The dimensions of the entire
structure will be 80 feet long by 200 feet wide. Because
bedrock is less accessible near Oakland, the 16 piles
supporting these foundations must extend nearly 338
feet through bay mud to rest in bedrock. These steel
piles were also driven in two sections and welded
together over the water. Reinforced concrete is
poured into the steel casings to make up the cast in
steel shell (CISS) piles. Two concrete pier columns will
reach approximately 120 feet above the water line,
where they will later be linked, during SAS
construction, by a cap beam beneath the SAS road
deck. The pile driving for E2 has been completed and
the footing frames are being welded to the piles.

Work on both marine foundations (E2T1) is
anticipated for completion by March of 2008.

W2

Two massive piers on Yerba Buena Island (YBI) will
provide essential support for the western end of the SAS
bridge. Each enormous pier measures 20 meters by 20
meters and is nine meters deep. A set of four support
columns rise 36 meters (100 feet) from each concrete
foundation to the bottom of the cap beam, which will be
constructed later as part of the SAS superstructure. The
foundations extend down approximately 25 meters (80
feet) through the island’s solid rock. These piers include
the steel framed anchor tie-down for the SAS anchor
cables, which will be installed as part of the SAS
contract. The project also involved the construction of
retaining walls surrounding the base of the piers.

Building these huge piers required pouring massive
amounts of reinforced concrete, which was
accomplished through a single pour for each pier and
continued for several days. Curing the concrete
presented a considerable challenge. Cold water was
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pumped through a system of PVC pipes to prevent
overheating and cracking.

In total, the building of the W2 foundations required
2,000 tons of steel reinforcement and over 12,000
cubic meters of concrete.

A Look Ahead

Much work remains to complete work on the Bay
Bridge Corridor. In 2007, the final phases of work on
the West Approach will continue with an eastbound
traffic shift to a temporary structure and the
completion of demolition and replacement work along
a 3,000-foot section of freeway in a busy San
Francisco neighborhood. The West Approach is
scheduled for completion in 2009.

On the East Span, the E2-T1 marine foundations
will near completion in 2007; the Skyway section of
the bridge will be completed and celebrated by year’s
end; construction will begin on the first in a series of
contracts to build the Oakland Touchdown structure;
fabrication will begin on the SAS tower and roadway
deck; and the Yerba Buena Island viaduct may be
removed and replaced, requiring a full bridge closure
over a three-day weekend(Fig.5,6).

Although much of this work presents us with
challenges never before faced, we look forward to
continuing our work to build a safer, more beautiful
bridge.
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Fig.6 Ttansition Structure to new Yerba Buena Island Va.

(This article was co-written by
Bart Ney, Bay Bridge Public Information Officer
Ivy Morrison, Senior Public Information Associate)

International Conference

The 6™ International Cable Supported Bridge
Operators’ _Conference

The 6" International Cable Supported Bridge
Operators’ Conference (ICSBOC) will be held at
Takamatsu City, Kagawa Prefecture, from May 22 to
24, 2008.

The purpose of the conference is to enable
structural engineers in charge of the operation of
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cable supported bridges from different countries and
from different associations to gather, meet, discuss and
present papers on the latest technical aspects associated
with bridge maintenance. At the 5" Conference held in
N.Y. in August 2006, it was decided that the next
conference will be held in Japan
The followings are the outline of the conference.
Date: Thursday, May 22 — Saturday, May 24, 2008
Venue: The Kagawa International Conference Hall
in Takamatsu City , Kagawa Prefecture
Host Organization:
Honshu-Shikoku Bridge Expressway Co., Ltd.
Supporting Organizations:
New York State Bridge Authority
Sund & Baelt Holding A/S
Expected Attendance: U.S.A., Denmark, Norway,
China, Japan,etc.
Program:
Thursday, May 22,Afternoon Session:
Technical session
Friday, May 23 Morning/Afternoon
Technical session
Saturday, May 24 Morning/Afternoon
Technical Tour (Seto Ohashi Bridge)
Service: Simultaneous English Japanese translation
Contact: Mr.Kitaguti or Mr.Nishitani
Planning Division, Planning Department,
Honshu Shikoku Bridge Expressway Co., Ltd.
Phone: +81-78-291-1062, Fax: +81-78-291-1362
We hereby announce the commencement of the call
for papers. The deadline of abstracts submission is
August 31, 2007.
For more information of the call for papers , please
access to our web site
(http://www.jb-honshi.co.jp/english/index.html)
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Honshu—Shikoku Bridge Expressway
Company Limited

4-1-22 Onoedori , Chuo-ku , Kobe , 651-0088 , Japan
TEL : +81-78-291-1071 FAX: +81-78-291-1359
Long-Span Bridge Engineering Center
http://www:.jb-honshi.co.jp

F ¥ B X IE ¥ ¥ (Construction Management)IZDUL\T

(L TEAMTA P RN — STV ZEET, (T

R D9 e % v ik B AR U AT i, A DU AR oD 1
SEHEG LV TR D TRV ET, FERR O -

HMEEE AL TR o T e R
A E LD E T, FE RO
IR S B iR A% 7 L ——7 TEL 078(291)1071)




