Automation of fabrication
processes may be the key to
faster, more cost-effective
replacement of structurally
deficient or obsolete steel

bridges

BY TOM SIEWERT, KRISHNA VERMA,
AHD STUART CHEN

he Decembier 2004 Mationa] Bridge
I Inventory compiled by the Federal
H'g..hwa} Administration (Fl 1WA
shows 26.7% of the nation’s 393,883
bridges are structurally deficiznt or func-
tionmally obsolete (Ref. 1). The deficient
bridges are handling today's traffic sefcly,
and most do not nead o be replaced or
rehabilitated immediately, but they will
need attention at some point,

The nation will never have the fumds
for all the needed work, but the Safe,
Accountable, Flexible Efficient
Transportation Equity Act: A Legacy for
Lisers, approved on Augast 10, 2005, au-
thornized 321.6 killion {}Y 20052008 for
the federal bridge program. With the
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available funds at the federal, state, and
local levels, officials will be able to under-
take thousands of bridge replacement and
rehahilitation projects each year,

In developing these projects, officials
will want to minimize the detours and de-
lays that increase the cost 10 Motorisis in
inconvenience, fuel, and time. Especially
in the case of fire engines, ambulances,
and other ecmergency vehicles, the prob-
lem goes bevond simple economic cost or
inconvenience. However, we arg increas-
ingly finding that it is pessible to reduce
the time these projects take and the costs
associated with the inevitable disruption
during the construction period.

A committee of the National Rescarch

Matertals Relfabifire Div,

Bauli vhe bridpe over the Muitzes Killin New
York (top phota), part of the NYY Thruway
(-9, and the Ford City Bridge i Pernsvi-
vania (botten phato) were manigfaciired
from TOW sieel mannfaciured by Mital
Nreel USA.L

Council has locked at the competing needs
in our infrastructure (such as dams and
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CAD rfnrl-r.f!!g ol are being ﬁ.r}lr}fir.'d ler
bridee design and fabrication.

rosscds and has concluded that we need to
rcthink our approach {Ref, 2}, The com-
mittee’s report states, “There is an urgent
need to rehuild America, bur the cost is
prohibitive if this it not done intelh-
gently. . The nation must strive for intelli-
gent renewal, a process that uses limited
resources in a cost-cliective manner, This
calls for adapting existing knowledge to
the tasks at hand and developing new sci-
entific and engincering knowledge.”

Sucha process isunder way For bridges,
as illustrated by recent advances in au-
toemation For replacing steel bridoes,

In 1999, the FWHA's Office of Bridge
Technology reported that the United
States has nearly 198,000 steel bridges,
but that only about 1600 new steel bridges
were built that year (Ref. 3). To identify
cificiencies inherent in automation that
might significantly reduce the costs of
these bridges, or allow more bridges o be
constructed for the same money, the
Office of Bridge Technology led a team to
review innovations for fabricating and
erecting steal bridges in other countries.
This team of experts identified a number
of areas of automation that scemed ap-
propriate for steel bridee applications in
this country.

To develop a more detailed plan, the
FHWA brought together organizations
that wanted to support this effort by plan-
ning a workshop, That veam held a three-
day workshop in 2000 ar the Edison
Welding Institute (EWI) in Columbus,
Ohio [Ref, 3). That workshop was spon-
sorcd l'r} FHWA and the National Steel
Bridge Alliance {a cooperative effort 1o
improve steel bridge design and construc-
tion, and a part of the American Institute
of Steel Construction). The American
Association of Swae Highway and
Transportation Officials (AASHTO),
EWI, and the National Institute of
Standards and Technology (MIST) were
l..'lf.‘\lfll.l'ﬂhuih.

Fifty-three experts from England,
Germany, Japan, and the United States
attended the workshop, They represented
bridge fabricators, crectors, consulting ¢n-
gineers, welding engineers, government
officials, and academicians, During the
first day, participants learned about the
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1999 fact-finding tour, and the technol-

ogy that might be applicd to bridge fabri-

cations. The second and third days were

spent in brainstorming sessions and de-

veloping consensus on action plans, Four

breakout sessions were held, covering the

following areas:

= Computer-generated drawings

* Standardized specifications

* Standardized design details that are
amenable to automation

* The benefits of automation,

Results of the Brainstorming
sessions

Each session identified ohjectives, re-
sources, obstacles, payoffs, and tasks (in
the short, medinm, and long term}). The
entire workshop reconvened to hear re-
ports from the breakout sessions. Based
on these reports, participants identified
opportunitics in
* Solid modeling (hased on a simple 3-D

model),

* Virtual assembly,

= Automated  inspection
recording,

* Higher productivity welding processes,

* Specifications (some scem overly re-
strictive, while others are not standard-
ized between regions),

* A design-build approach (where the de-
sign teams join with fabricators during
the bidding process, so each team can
search for ¢fficiencies). and

* Asystems approach to fabrication (not
Just installing a robot in a fabrication
plant).

Since the workshop, a steering com-
mittee under the keadership of the FHWA
has been promoting thess ideas. One ini-
tiative is to demonstrate the effectiveness
of the workshop ideas during the fabrica-
tion of two similar bridges, one using cur-
rent technology and one using advanced
technology. The fabrication of both
bridges will be carefully documented dur-
ing this demonstration project,

O another front, the FHWA has bean
developing a strategic plan for fabricating
bridges wsing computer-integrated manu-
facturing. This is a multi-faceted plan that
will include concepts as they are devel-
oped in the demonstration program. The
most recent version of this plan, devel-
oped on February 2, 2004, is organized
nte four outcomes, cach with a series of
objectives and strategies,

Fhe first outcome is to achieve longer
and more reliable performance from
bridges, through optimal standards and
miterials. Following are some objectives
that must be met in order to reach this
outcome:

* Use of high-performance materials sys-
tems and construction practices. devel-
oped and implemented through re-

and data

search, specifications, education. and

demonstration programs;

Boutineg use of state-of-the-art design

standards and guidelines, which incor-

porate better capabilities for inspection
and maintenance,

Routine use ol state-ol-the-art ¢on-

struction practices (based on the prin-

ciple of “best practices™), and

Confirmation that final statements arc

just as intended, with all quality assus-

ance/gquality control, inspection, and
fabricator training and certification
fully documented.

The second outcome is 1o produce
bridges that reduce raffic ;‘ungd_'xll'nn and
improve safety. Following are some ob-
jectives to help reach this sutcome:

* Better condition assessment informa-
tion for use in making decisions abouwt
bridges,

= Routine use of cost-affective and inno-
vative repair and rchabilitation wech-
niques,

* Use of aceelerated construetion tech-
nologies, and

* Freguent use of modular or prefabri-
cated componcents for faster comple-
tiomn.

The third outcome is 1o provide a high
level of safety and service under all con-
ditions, Some objectives and stratcgics in-
clude
* Increasing service life through appro-

priate system preservation strategics

(o.g., better knowledae of detcrioration

mechanisms),

* Providing a higher level of service under
normal conditions, and

* Providing better reliability when sub-
jected to natural and human-made ex-
treme events.

The final outcome is 1w improve the
match (or fit) of the structures with their
cnvironments, through the application of
context-sensitive solutions. Following are
some of those ohjectives and strategies:

* Minimizing the environmental impact
of highway structures, through such
measures as development of appropri-
ate standards, noise mitigation, greater
consideration of wildlife and runoff,
and use of reeveled materials,

* Increasing participation by other stake-
holders during conceptusal design and
location selection.

= secking context-sensitive conditions,
while satisfying all functionality and
safety requirements (¢, csthetic treat-
ments should not preclude the use of
accelerated/modular construction tech-
nologies).

Further progress on the plan has oc-
curred in the past few months. The scope
has been confirmed 1o cover automation
for construction of all bridges, indepen-
dent of material, It also covers the initial
fabrication and the repair of intentional
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and unintentional damage. Another step

forward oceurted recently when the
AASHTO Subcommittce on Bridzes and
Structures passed a resolution acknow -
cdging the importance of Comprehensive
Integrated  Bridge Project  Delivery
through Automation o achicve rpid con-
struction,

Advantages of the
Demonstration Flﬂiﬂﬂl

The steering commiltes sCos many po-
tentizl benelits of this demonstration pro-
ject. Perhaps the greatest benefin will be
the quantification of the cost and time sav-
ings duc to automation. Singe most con-
tracts are awarded on these criteria, the
data will serve 1 drive both the customeers
{bridpe owners) and vendors (manufac-
terers) toward the lowest cost solution.

Other potential benefits include

= Elevating visibility/image of currenl ca-
pabilities in the bridge industry,

* Improving health and safety of tebrica-
tion personncl by automating somc
dirty and dangerous tasks, and

= Showing how collaborations are possi.
ble over great distances without travel,
The FHWA will begin implementing

these ideas soon. For the demonstration

program, the planning team will be gath-
ering information on the advanced tech-
nologics to be included. If you know of
some technology that should be consid-
ered.  contact  Krishna  Verma  at

Krishna Vermata finea, dotgov, The team

will comsider this new technology for ad-

dition to the inventory developed at the

HH workshop when making decisions for

the demonstration.
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