I REBUILDING AMERICA'S

NFRASTR

Finding Funding
An RAI Exclusive

UCTURE

Engineering for Bridges and Roads

o 5P ?'1'-' ‘L it -y T
i o s = i—-ﬁ;z- -, TE
E—glEn -~ -

.- tw“ﬂ-_ ¥
=Ny

u ”fﬂﬂ'u‘ i

e

— —
Project Spotlight
Seattle’s Alaskan Way Viaduct




@ PROJECT SPOTLIGHT

Replacing
the Alaskan Way
Viaduct

An answer for
Seattle’s waterfront
highway dilemma

By John White, PE

or 56 years, the two-mile-long

Alaskan Way Viaduer has

stood along Seattle’s down-

town waterfront, 1t serves as a
conduit for Washingron’s Stare Roure
(5K} 99 and provides an elevated way
into and through downtown for more
than 110,000 vehicles per day.

Daily wear and tear has taken its toll
on the rwo-niered structure, and mid
19905 studies showed that the viaducr
was nearing the end of its useful life,
The early discussion of replacement
wis jolted, however, by the 6.8-mag-
nitude Nisqually earthquake, which
shook the Puget Sound region in 2001.
The earthquake caused damage to the
viaduet's joints and columns and to the
adjacent seawall, which halds back rhe
soils in which the viaduct's foundations
are embedded. The decision was clear
— the viaduct needed to be replaced.

For cight years the state and city
warked o find a solunon thar would
Serve many competing interests; one
that would continue to move people
and goads; allow the city ro reclaim its
historic waterfront; limit construction
disruptions; and be fiscally responsible.

During this time the rechnology
to bore tunnels deep underground at
ever increasing sizes was being used on
projects throughour the world. These
advances fnally provided an answer
for the viaduer replacement: mke the
highway underground and away from
the waterfront. Not into just any tunnel,

Locking south on the Aliakan Wiy Viaduct, Reptacng a highway strugture in a dense urian amironment is ang
ol he challanges faced by the program taam

however, If built today, the proposed
bared-tunnel section of SR 99 would be
constructed utilizing the largest diameter
munnel boring machine in the world.

Several challenges, few solutions
Afrer the 2001 Nisqually carthiuake,
the Washington Stare Deparrmenr of
Transportation (WSDOT) and the
Seartle Department of Transportation
began examining more than 70 aptions
for replacing the seismically vulnerable
viaduct and the adjacent seawall. These
included elevated, underground, and
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surface options,

One of the difficulties in finding a
replacement was due o Seartle’s unigue
geography. The city has an hourglass
shape, with downtown sitting in the
middle berween Puget Sound and
Lake Washington. The city has only
two major north-south routes SR
99 and Interstare 5 — so maintain-
ing the viaduet is critical. The viaduct
also provides access to the northwest
part of the city, as well as the Port of
Seattle’s cargo shipping terminals near
the southern end of rhe structure,
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The numeraus options were eventu-
ally narrowed to two — a new elevared
structure, and a cut-and-cover tunnel.
Ar the rime, WSDOT and the ciry
agreed that the preferred option was
the cut-and-cover tunmel, but cost
presented a barrier, The state and city
had committed funding to replace the
vizduct, but the cut-and-cover tunnel’s
cost exceeded thar commirment. The
city, however, did not want to lose the
apportunity to recliim one of its most
valuable assets, the historic warerfront
on which the viaduct stands. An advi-
sory vote was held for Seattle voters 1o
resolve the impasse,

Residents were presented with the
aptions, bur the vore did not require vor-
ers to choose; instead, it presented the
levated structure and tunnel as separate
chaices on which residents could vore,
The result was a rejection of both, In the
aftermath of this defeat, the governor,
King County's exccutive, and Seattle's
mayor found a way to move forward.

The elevated and tunnel options
had similar companents ar the north
and south ends of the coridor The
three executives agreed that they could
move these elements forward, therehy
removing almost hall of the vulnerable
structure, while reexamining how to
replace the section on the downtown
waterfront, a segment dubbed the “riddle
in the middle.” The state, county, and
city DOTs then took a step back and
looked at ways to improve the down-
town transportation system as a whale,
centered on SR 99 replacement options.

Paired with thisnewsystemapproach
was an extensive public outreach efforr
that included 4 30-member stakeholder
group, which provided feedback on
potential options, This 13-month pro-
cess culminated at the end of 2008 with
twa aptions: an elevated bypass and a
surface and transit solution, Wairing
in the wings was a twin-bored tunnel
concept that seemed to meer all of the
criteria desired in a solution except one

Digram ol vulnerable points on he Alaskan Way Visduol and Stwall
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Weak column-beam connection

Seawall

Insufficient capacity columns

cost. Stakeholders, supported by a
group of runneling experts, asked thar
the wnnel continue to be analyzed, so
the agencies engaged a wider group of
runnel experts to eXaAMine CONSTrUCTion
and cost estimate assumprions.

The SR 99 bored tunnel —
a competitive solution

The project team knew a twin-hored
tunnel was too expensive, but could a
single bored tunnel suit the project’s
needs? The answer from munnel experts
wis o resounding yes. Advances in
tunnel technology meant a single bore
coutld be builr large enough to accom-
modate at least four lanes of trafhe in
a stacked configuration. In the years
since the viaduct replacement program
began, tunnel boring machines had
been developing at a rapid rate, with
a major increase in diameter, better
ground control, and improved reliabil-
ity. These machines could now safely
excavate under almost any type of
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5 soil. rock, or groundwater conditions.
RAI: How will you B

control groundwater
during boring?

Tunnels have also proven themselves
over many years in challenging seismic
enVIronments, a concern since Seartle
has several faults within city limirs,
The decision was made to move for

ground  conditions
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United Skites

propasal, cost was foremost in their
minds, Tunnels have heen hl.ln'l't‘.ﬁsf:ll."y
completed in similar  environments
and with sizes approaching that of
the proposed SR 99 bored munnel, bur
the industry also has its cautionary
tales of projects gone awry. For policy
makers to agree to the proposal, rthey
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had to have confidence in the tunnel’s
anticipated cost. WSDOT employed
an L1m‘f.'+nw;‘nr':nna] CORT  esmimare
validation process, which uses a com-
hination of a base cost plus risk costs
and the corresponding likelihood of
occurrence, expressing planning level
costs as a range rather than as single
numbers, The ranges show the effect
of risks if they occur and are supported
by risk management plans to better
control costs, Almost 30 percent of the
bored tunnel’s estimated cost of $§1.9
billion accounts for the risk inherent in
& preliminary design and for expected
inflation during the years of project
construction. The toral cost for the via-
duct replacement program, including
the transit, city streer, and waterfront
improvements, is $4.24 hillion.

When the new SE 99 bored tunnel
apens to drivers it will gsignify a number
of firsts: It will be the first double-deck
tunnel in this country. The double-deck
configuration is whar allows the runnel
to hold four lanes of wafhic, marching
the number of lanes traveling through
downtown on todays viaducr, The
tunnel will be approximately 54 feet in
diameter, making it one of the largest
wnnels in the world, Ar almost twao
miles Jong, it will be one of the longest
highway tunnels in the United States.
It will have a state-of-the-art venrila-
tion systemn that climinates the need for
vennlanion shafrs in the middle of the
tunnel. Tunnel construction is expected
to make extensive use of precast ele
ments thar are assembled wirhin the
tunnel construction operation, allowing
fior a high quality product buile within
an expedited construction rimeline.

Perhaps the greatest advantage of the
hored munnel is the limited disruption
it will cause 1o surrounding neighbor-
hoods and businesses. Above- and
below-ground  viaduer  replacements
examined up to this point would have
required extensive SR 99 closures to
construct. By using a munnel boring
machine and moving the tunnel several
blocks inland from the waterfront, it 15
now possible 1o keep the viaduer open
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during construction — an important
consideration since it is an important
freight route.

With the projects identified and rhe
state, county, and city’s roles established,
the pressure is now on WSDOT to
deliver, After eight years of discussion,
WSDOT looks forward to meeting
thar challenge. Crews will hegin con-
structing the SR 99 bored tunnel in

2011, and WSDOT expects to open it
to drivers by the end of 2015. v

John White, RE., is program director
for the Washington State Department of
[ransportation’s Alaskan Way Visduct and
Seawall Replacement Program. He can be
reached at whitejh@wsdat. wa.gov.

A rendering of Seatlie's downlown waterfront after e SR 99 bored unnéd has besn built and the viaduct
rismdved, A now surface boulevard will be constructad in tha foeofpring of the viadect Tha ramaining space will
b uzad by tha city 1o craate & new watarinoni PN e,
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