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An iconic light-vail bridge in the valley of Southern California’s San Gabriel River
stands as a work of art from both an aesthetic and an engineering point of view. Located above
a Seismic fault, the new bridge 1S also a critical infrastructure dlement in @ multiphase

extension of the vegion’s mass tansit system. +++++ By Robert L. Reid

TRADDLING THE EASTBOUND LANES of
Interstate 210 in Los Angeles County in the
San Gabriel Valley is a work of public art
that also serves as a bridge for the extension
of the region’s Gold Line light-rail system.
Or is it the bridge that is also a work of art?
With the Gold Line Bridge, the first mass
transit crossing in California to be designed
by an artist, it can be hard to tell which is more signif-
icant—the functional reinforced-concrere structure,
584 linear ft in length, that will carry light-rail trains
across a major highway or the beauty of the structure's
form, which features two enormous columns, one at
each end of a large outrigger support beam. The col-
umns have been designed to resemble woven bas-
kets, and a serpentine pattern has been cast into the
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rounded underside of the bridge’s superstructure.
Heralded as the “Gateway to the San Gabriel Valley”
by the Metro Gold Line Foothill Extension Construction
Authority, the government entity in charge
of the light-rail extension project, the Gold Line Bridge
was designed by the Minnesota-based artist Andrew
Leicester. According to an illustrated brochure about the
bridge produced by the construction authority entitled
Gold Line Bridge: The Art of Design, Leicester spent nearly a
year conducting re-

Featuring columns shaped
like woven baskets, the Gold
Line Bridge is the first mass
transit crossing in California
to be designed by an artist.
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that was once largely agricultural but is now heavily urbanized.
He drew inspiration from the local architecture and the region’s
cultural history. As he explains in the brochure, “The large bas-
kets that adorn the bridge metaphorically represent the indig-
enous people of the region and the growth of agriculture as a
primary catalyst for the San Gabriel Valley’s development. The
baskets also pay tribute to the iconic sculptural traditions of
nearby Route 66, with its oversize commercial architecture.”

The $18.6-million design/build bridge project was con-
structed by New York City—based Skanska USA, and the Los
Angeles office of the international architecture and engineering
firm AECOM served as Skanska’s primary design subcontractor.
The superstructure of the bridge was completed late in 2012;
the installation of the tracks is expected to begin this May.

The Gold Line Bridge is a key element within the near-
ly $2-billion Gold Line extension project, which involves
the expansion of the light-rail system from its current end-
point in Pasadena to the city of Montclair, a distance of nearly
24 mi. The rail system, the Metro, is operated by the Los An-
geles County Metropolitan Transportation Authority. The
multiphase project includes, first, an 11.5 mi segment that
is being constructed from Pasadena to the city of Azusa. (The
Gold Line Bridge is located in Arcadia, near the western end of
this segment.) The work during this phase includes a roughly
$500-million design/build contract that was awarded to Foot-
hill Transit Constructors, a joint venture of Kiewit Corpora-
tion, headquartered in Omaha, Nebraska, and Pasadena-based
Parsons Corporation. Parsons and Kiewit both worked on the
original portion of the Gold Line, from Los Angeles's Union
Station to Pasadena, which opened in 2003. The Pasadena-to-
Azusa extension contract involves work on nearly two dozen
bridges, six new stations, the track and catenary systems, and
a 24-acre maintenance and operations campus in Monrovia.
Another design/build contract was awarded to San Francisco—
based Webcor Builders for parking garages and intermodal
enhancements at and around the new stations.

Funded by Measure R—a sales tax increase for transpor-
tation projects in Los Angeles County approved by voters in
2008—the Pasadena-to-Azusa extension reached the 50 per-
cent completion mark in January of this year; it is expected to
be completed in September 2015, at which point it will be
turned over to the Los Angeles County Metropolitan Trans-
pottation Authority.

A future 12.3 mi segment with six new stations will extend
the Gold Line from Azusa to Montclair. A two-year advanced
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conceptual engineering process is expected to begin this year
and eventually lead to another design/build contract. This seg-
ment is expected to cost approximately $950 million to con-
struct and will take approximately four years to complete, but
only limited funding had been secured at press time.

The Metro Gold Line Foothill Extension Construction Au-
thority has also studied the feasibility of extending the Gold
Line from Montclair to LA/Ontario International Airport, a
distance of approximately 8 mi. Although a link to the air-
port would not formally be part of the current extension proj-
ect, the authority is continuing to study the idea as part of a
“lengthy process that includes a detailed analysis of alterna-
tives, environmental review, and preliminary engineering,”
its website explains.

The Pasadena-to-Azusa segment originates at the Gold
Line’s Sierra Madre Villa station, which is located in the median
strip of I-210 because the route follows the right-of-way of the
former Atchison, Topekaand Santa Fe Railway (now part of the
BNSF Railway Company). Since the construction authority now
owns that right-of-way, the line extension continues at grade
within the median strip for 2.3 mi before crossing the southern,
eastbound lanes of the freeway via the new Gold Line Bridge.

Originally designated an “iconic freeway structure,” the
Gold Line Bridge is a dual-track crossing that features a
220 ft main span between a single, 10 ft diameter support
column, designated bent 2, located in the median strip and
an approximately 113.5 ft wide, 16 ft deep posttensioned
outrigger support beam, designated bent 3, that extends
across the eastbound lanes. On either end of the outrigger
beam stands a 25 ft tall, 17 ft diameter basket column, one
in the median strip and the other located on the southern side
of the freeway. Abutments at each end of the bridge feature
vertically cantilevered concrete walls roughly 30 ft in height.

The bridge deck measures 33 ft 11 in. wide to accom-
modate two sets of light-rail tracks and a center emergency
walkway. The vertical clearance between the freeway road
surface and the bridge’s rounded underside, which was cast
with grooves and cuts to suggest the skin and ribs of the local
diamondback rattlesnake, is 19.5 ft.

With some critical tweaks to avoid certain obstacles, the
new bridge was constructed on roughly the same alignment as
a single-track, precast box girder railroad bridge that crossed
the freeway at the same location before being démolished in
the late 1990s. The site is located within the earthquake fault
zone of the Raymond Fault, says Chris Burner, P.E., M.ASCE,
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‘ the construction a j

. Uthogiey's chief project officer, and the il
! road bridge had been ); g}ﬁ; :;:unflged in 1994 by the ;eol:z;}l_
. ridge earthquake, Because the railroad bridge was not .
signed to modern seigm. standards, it Was taken down after
that carthquake 352 precaygippary measure by the California
Department of Transporeagion (Caltrans), Burner explains.

Other alignments for the new light-rail bridge were con-
sidered, Burner says, bur thoee options were deemed more
complicated, more €Xpensive, and more likely to require the
purchase and demolition of surrounding homes because they
would probably have been |ocared outside of the construction
authority's right-of-way, Although the new bridge also spans
r'he fault, crossing at a 70-degree angle with respect to the
faule alignment, it is a very robyge seructure that has been de-
signed ro withstand the possible seismic forces from the fault,
Burner notes.

Acting through its project management consultant, Hill
Internarional, Inc., which has an office in Irvine, California, the
Metro Gold Line Foothill Extension Construction Authority
commissioned a fault study from Geo-Logic Associates, Inc., of
Anaheim, California, to ensute that the new bridge could safely
span the fault. The study determined the location, recurrence
intervals, and possible future deformarions of the fault in con-
formity with requirernents set by the California Geological Sur-
vey and with the project goals, explains Patrick Nicholson, PE.,
M.ASCE, AECOM's design manager for the project.

The geotechnical consultant examined the fault using
a mix of techniques, including drilling, trenching, and a
geophysical survey, Nicholson says. In particular, 72 large-
diameter (24 to 30 in.) borings were drilled to depths of as
muchas 104 ft below grade. As Burner explains, “They actu-
ally lowered geologists in baskets into these shafts, and they
went down and mapped the strata of the soil.” Two borings
with smaller diameters also were drilled, and a fault trench
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roughly 170 ft long and 14 ft deep was excavated for addi-
tional field observations of the soil strata, Nicholson says. Use
was also made of refraction microtremor technology, which is
not sensitive to nearby traffic or other electromagnetic noise,
to develop geological data across the fault zone.

As a result of the fault study, an “interpreted fault zone”
approximately 140 ft wide by 210 ft long was established at
the bridge site that encompassed the traces of the main fault
and associated secondaty faults. The bridge foundations were
carefully designed so that they would be at least 50 ft away
from the interpreted zone while also accommodating such
other considerations as optimal bridge layout and right-of-
way limitations, explains Nicholson.

Large-diameter piles cast in drilled holes were selected
for the support columns to minimize the foundation foot-
print. These 110 ft deep, 11 ft diameter piles also proved to
be crucial to the seismic response of the structure and to mit-
igating the potential for soil liquefaction, Nicholson notes.
The test borings had revealed that the groundwater level was
more than 70 ft below grade. Given the drying trend and
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population hike of Southern California in recent decades, the
geotechnical consultant had originally proposed 80 ft deep
piles to accommodate a groundwater level of 50 ft below
grade. However, the historical data indicated that groundwa-
ter had reached 10 ft below grade in 1968, which concerned
some of the project’s stakeholders, Nicholson relates. Consid-
erations of safety, economy, design, and constructability led to
numerous discussions by various parties, he explains. Eventu-
ally the design featured a practical yet conservative estimate of
20 ft below grade for groundwater but ignored the end-bear-
ing capacity of the piles, he concludes.

Piles 2 ft in diameter cast in drilled holes formed the foun-
dations of the abutments.

Because the new bridge was being constructed on the site

of the original railroad bridge, the design initially called for
the removal of the demolished bridge’s piles. These driven
precast piles were approximately 20 ft deep or so, says Nichol-
son. “We thought we could extract those piles—use a big vi-
brator to pull them out,” he explains. But since the extraction
efforts failed, the layout of the new piles had to be reconfig-
ured and the bridge had to span the old foundations, he notes.
In fact, the old piles were just one of many belowground and
aboveground obstacles. The impediments also included utili-
ties, a storm drain channel, and large power poles, forcing the
design/build team “to really thread the needle through all of
that” to determine the exact, final alignment, Nicholson says.
The fault study also recommended that the bridge be able
to accommodate a 0.5 m horizontal surface fault rupture.

. o 43 TS
"~ Initially located within the Interstate 210
" median, the bridge straddles both the
southern, eastbound lanes of the high-
way and a portion of the Raymond Fault.
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Although conventional wisdom, ca]ls for avoiding any such
surface fault rupture zones, thig wyug not an option for the Gold
Line alignment, Nicholson says. Foreunately, Caltrans at that
time was finalizing 2 multiyear reseqrch project to determine
the design issues pertinent to thig problem. While past design
methodologies had focused only og, the static displacement
induced by a surface fault, the new criceria proposed on the
basis of Caltrans’s research recognized both the static and the
dynamic nature of a surface fault and included practical analy-
sis procedures for the designer to follow, Nicholson explains.
Because the Gold Line Bridge was the first project to imple-
ment these new criteria, intensive brainstorming sessions in-
volving representatives of Caltrans, the Metro Gold Line Foot-
hill Extension Construction Authority, the design/build team
(Foothill Transit Constructors), and Metro were conducted
throughout the design, he notes.

The fact that the I-210 freeway would pass directly beneath
the Gold Line Bridge meant that the design had to accommo-
date the desire by Caltrans for a structure that would be more
ductile and thus experience greater displacement during a seis-
mic event, notes Nicholson. At the same time, Metro sought
a structure with greater elasticity so that any damage to the
piled shafts from an earthquake would be more
repairable, he adds. To accommodate the contra-
dictory preferences, AECOMs specialty practice
group proposed the use of a ductile shaft for the
bridge columns combined with time-domain
reflectometty technology that during a
seismic event would detect the forma-
tion of plastic hinges inashaft, an indica-
tion of underground damage. The resulc
was the creation of aso-called smart shaft,
the first use of this approach in California
bridges, Nicholson explains,

Widely used in geotechnical appli-
cations to moOntor ground movement,
time-clomain 1e ﬁec‘f‘metl‘y utilizes fiber-
optic cables and a signal generator that
emits electric pulses, Nicholgon explains,
In the Gold Line Bridge, £y, equally
spaced cables Were embedde just inside
the perimeter of cach Olump shaft, the
upper ends EFMNALNG in 4 monitor-
ing station, Nicholson NOtes, [f 4 plastic
hinge forms, & cable or cafyleg will be
crimped or SUL:tCh_,L » Eeleraring a de-
tectable “reflection” that w reveal the

Geologists were lowered in
baskets to depths reach-
ing 104 ft deep in shafts

to map the soil strata.
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location of the hinge. In this way troubleshooters will be able
to demarcate the damaged area, Nicholson says. The result-
ing smart shaft both enhances the seismic performance of the
structure and makes it easier to locate underground damage,
he concludes.

Leicester’s sculptural design of the Gold Line Bridge was
described as an opportunity to “think outside the box girder,”
according to Habib Balian, the Metro Gold Line Foothill Ex-
tension Construction Authority’s chief executive officer, writ-
ing in Gold Line Bridge: The Art of Design. But one aspect of the
structure’s signature look and form was almost nixed by Cal-
trans. The undersides of highway bridges in California had al-
ways been flat prior to the Gold Line Bridge, says Nicholson.
So Caltrans was initially reluctant to approve the rounded de-
sign that featured the deep grooves and cuts that suggest the
skin and skeleton of a snake. “[I}t took a lot of back and forth
to work through the agency’s concerns. In the end, Caltrans
allowed it,” explained Rivka Night, AECOM’s principal ar-
chitect on the project, writing in Gold Line Bridge: The Art of
Design. Night, whose responsibility was to translate Leicester's
vision into a buildable structure, also praised Skanska USA’s
efforts to accommodate the “unusual design.”

Not all aspects of Leicester’s vision made it
into the finished structure, though. Originally
the artist had designed two sets of outrigger sup-
ports and baskets for a longer bridge, notes Nich-
olson. But since a shorter bridge would
better accommodate the span over the
Raymond Fault, Nicholson says, one of
the outtiggers was eliminated. Further-
more, the basket design, which features a
series of simulated reeds rising vertically
above the horizontal woven pattern, had
originally called for taller, thinner reeds.
But those proved difficult to construct,
noted Night, and so shorter, thicker reeds
ended up in the final version.

The baskets were also challenging be-
cause of the variety of shapes involved
and the different solutions that had to
be considered, Nicholson says. The first
idea was to cast the basket columns in
place when the outrigger beam was cast,
but that idea was rejected when it was de-
cided to posttension the outrigger beam.
Thus, it became  (Continued on Page 75)
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AMERICAN SOCIETY OF C[yL ENGINEERS AND AFFILIATES
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For the Year Ended September 30

OPERATING REVENUE
Membership dues

Publication sales

Conferences and seminars
Advertising

Royalties

Contributions

Rental income

Operating investment earnings
Other income

Total Operating Revenue

OPERATING EXPENSE

Program Services:
—_

Program activities

Publications and advertising
Continuing education

Customer and member services
Conferences

Other

Total Program Services

Support Services:

General and administrative
Membership and marketing
Fund raising
Total Support Services
Total Operating Expenses

(Deficit) Excess of Operating
Revenue over Operating Expense

NONOPERATING REVENUE

Long-term investment earnings

INCREASE IN NET ASSETS

Membership Dues
28%

Publications

Other

Conferences
21% %,
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2013 2012
$15,245,000 $14,799,000
17,431,000 16,791,000
11,108,000 10,076,000
2,215,000 2,114,000
3,588,000 4,095,000
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4,906,000 5,454,000
3,141,000 3,063,000
4,930,000 4,271,000
386,000 438,000
46,298,000 44,351,000
3,715,000 4,147,000
3,311,000 3,731,000
1,024,000 632,000
8,050,000 8,510,000
54,348,000 52,861,00
(419,000) 43,000
4,092,000 4,194,000
$3,673,000 $4,237,000
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(Continued from Page 51) necessary to
have access to the two ends of the beam,
Nicholson notes. Precast panels also were
considered and rejected because Caltrans
was concerned about the difficulty of con-
ducting inspections for corrosion on dif-
ficult-to-access plates. In the end the de-
sign/build team decided on a masonry
design in which each element of the bas-
ket would be molded and cast separate-
ly, with cast-in-place dowels on the back
side. The individual pieces would then
all be mortared together so that the en-
tire bridge would behave as a single uni,
Nicholson explains.

Always intended as a landmark struc-
ture, the Gold Line Bridge has been the
recipient of a number of engineering and
construction awards, including the 2013
Engineering Achievement Award from
the American Council of Engineering
Companies’ Los Angeles County chap-
ter and the 2013 Project Achievement
Award from the Construction Manage-
ment Association of America. The Metro-
politan Los Angeles Branch of ASCE’s Los
Angeles Section honored the structure
with its Outstanding Public Civil Engi-
neering Project Award in the category of
transportation projects costing more than
$10 million.

Although the Gold Line extension
from Pasadena to Azusa is being con-
structed along a former freight railroad
right-of-way, that railroad will still be op-
erating in close proximity toat least a por-
tion of the new line. As part of Foothill
Transit Constructors’ work, approximate-
ly 3.5 mi of the railroad’s track at the east-
ern end of the 11.5 mj light-rail exten-
sion is being relocated and reconstructed
approximately 30 ft to the south, explains
David Warnock, PE,, M.ASCE, a Parsons
design manager. BNSF will continue to
serve two customers along that 3.5 mj
segment, its new tracks separated by a
fence from the new tracks of the light-rail
extension, Warnock explains,

Other features of Foothill Transit Con-
structors’ contract inclyde the renovation
or replacement of approg; mately ewo doz-
en bridges along the route, as well as the
construction of a bridge ¢q r

: . eplacea grade
Crossing on a major hiShWay_ At the San

Gabriel River, for example , Sialectrack

railroad bridge was demolished, and a

new, 700 ft long, double-track crossing
is being constructed in its place, But be-
cause the river is part of a major flood con-
trol channel and is under the jurisdiction
of both the U.S. Army Corps of Engineers
and Los Angeles County, work at the site
was restricted to an April 15 to October
15 time frame, Warnock notes, Moreover,
the new bridge will be at an elevation at
least 2 ft higher than the previous struc-
ture to provide proper clearance in the
event of a 98,000 cfs flood event.

At Santa Anita Avenue, considered
the entrance to the city of Arcadia and
a primary access route to Santa Anita
Park, a well-known horse racing venue,
the city itself funded a grade separation
project, Warnock says. The hump in the
road that had previously enabled vehi-
cles in the intersection to drive over the
railroad tracks, which were ar a slightly
higher elevation than the surrounding
grade, was demolished. The surrounding
road was then lowered by approximate-
ly 4 f, and elevated approach spans and
an attractive light-rail
bridge with decorative
pylons and railings are
being constructed above
the former grade cross-
ing, Warnock says,

An even more dra-
matic grade change is
in the works at the site
of the planned 24-acre
maintenance and operations facility,
which is being constructed in Monro-
via, just north of the new light-rail tracks.
Here, there was a roughly 15 t0 17 ft dif-
ference in grade between the land adja-
cent to the light-rail route and the land
just to the north, Warnock says. To ac-
commodate the light-rail trains that will
use the facility for service, cleaning, and
other purposes, the site had to be leveled
by excavating soil from the north end and
then using that soil in compacted lifts to
build up the elevation at the south end.
Roughly two thirds of the site was [ow-
ered, while one third was raised, War-
nock estimates. A roughly 700 ft long
concrete retaining wall was constructed ar
the north end of the site to support a road
that runs along the excavated areq.

The main structure at the facilicy will
be the 125,000 sq ft shop building, at
which light-rail trains wil| pe inspected
and maintained; thig building will also

feature offices, training rooms, and an ob-
servation tower so that operators can ob-
serve the yard and send trains to the cor-
rect tracks, Warnock explains. There will
also beabuilding for maintenance-of-way
vehicles and equipment, an automated
“car wash” building for cleaning the exte-
riors of the trains, and a covered cleaning
platform roughly 300 ft long from which
cleaning crews will be able to access the
interios.

With sustainability in mind, which
encompassed, among other features, the
use of natural lighting and ventilation,
the reuse of building materials, and the
expected reductions in water consump-
tion, the maintenance and operations fa-
cility is being designed to achieve silver
certification in the U.S. Green Build-
ing Council’s Leadership in Energy and
Environmental Design (LEED) rating
system, Warnock notes. If successful,
it would be one of the first such facili-
ties in California to meet that standard
and would definitely become a stand-
out portion of a landmark project
that is focused on both aesthetics
and performance. CE

Robert L. Reid is the senior editor of
Civil Engineering.

PROJECT CREDITS Own-
er: Metro Gold Line Foothill Ex-
tension Construction Authority,
Monrovia, California Geld Line Bridge
designer: Andrew Leicester, Minne-
apolis Gold Line Bridge design/build
contractor: Skanska USA, New York
City Gold Line Bridge lead architect
and design engineer: AECOM, Los
Angeles office Gold Line Bridge proj-
ect management consultant: Hill In-
ternational, Inc., Irvine, California Gold
Line Bridge geotechnical engineer of
record: Group Delta Consultants, Inc.,
Torrance, California Gold Line Bridge
geotechnical consultant: Geo-Log-
ic Associates, Inc., Anaheim, California
Pasadena-to-Azusa extension design/
build contractor: Foothill Transit Con-
structors, a joint venture of Kiewit Cor-
poration, Omaha, Nebraska, and Par-
sons Corporation, Pasadena, California
Pasadena-to-Azusa extension design/
build contractor, parking garages and
intermodal enhancements: Webcor
Builders, San Francisco
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