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THE WELDING EXPERTS®

Welding The World’s Highest Walkway

Contractor awarded Grand Canyon Skywalk work based on new submerged arc technology

Waveform Control Technology®

Mark Steel Corporation of Salt
Lake City, Utah fabricates carbon
steel, stainless steel and other
alloy pressure vessels, overlay
applications and structural com-
ponents for the petrochemical,
energy, mining and transportation
industries.

~-CHALLENGE-

Meet the quality requirements, within a
budget parameter, on the bid for the
high-profile Grand Canyon Skywalk.

~-SOLUTION-

*The Lincoln Electric Company’s Power
Wave® AC/DC 1000™ power source
with Waveform Control Technology®

for submerged arc welding.

sLincolnweld® L-61 submerged arc
wire and 860 flux.

~-RESULTS-

Mark Steel Corp. won the competitive
bidding by showing increased travel
speed and deposition rate performance
data with Lincoln Electric’s Power
Wave®AC/DC 1000™.

25-30% increase in productivity
over the old equipment in the first
phase of the project. 50% increase
in overall productivity is expected.

10-15% reduction in electrical
utility cost.

LINCOLN
ELECTRIC

/4|

NEXTWELD’

Mark Steel

Suspended 4,000 feet above the
Colorado River, a new horseshoe-
shaped walkway extends 65 feet
from the cliff edge of the Grand
Canyon at the western rim. The glass
floor and sidewalls ensure heart
palpitations to anyone vaguely
troubled by heights. A 15-second
freefall to the canyon floor would
span twice the altitude of the world’s
tallest skyscraper.

For a bridge-like structure, however,
the Grand Canyon is an inhospitable
place. On a typical day, the unique
environment can kick up vertical
winds of more than 90 miles per
hour.

Securing Bid

To secure the new Grand Canyon
Skywalk, engineers cantilevered it to
the cliff using 94 steel rods that bore
46 feet into the limestone. It is
estimated to withstand 71 million Ibs,
roughly equal to 71 fully loaded
Boeing 747s. But operators have

limited the maximum occupancy to
120 people.

Before the project began in 2004,
Mark Steel Corporation of Salt Lake
City bid on the fabrication work
knowing the competition would be
fierce. However, engineers for the
steel structure and heavy plate shop
needed to speed productivity in their
existing submerged arc setup to
meet the project’s tight timetable.

Mark Steel had been using a DC
submerged arc setup for jobs of that
scope with typical results.
Discovering the Power Wave® AC/DC
1000 from The Lincoln Electric
Company, Utah’s largest fabricator
learned that a tandem arc setup, one
in AC and another in DC, could boost
their productivity welding more than a
million pounds of steel for the
Skywalk.

With just a few days notice, company
engineers flew to Lincoln’s world
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headquarters in Cleveland, OH to
purchase and train on the new
equipment. Training wrapped up in
about a day and the company was then
equipped to win the job to fabricate the
skywalk’s frame and anchor system by
demonstrating productivity advantages
afforded them by their new technology.

Structural Welding

The structure’s steel anchors were flux-
cored welded with 5/64 Outershield® 70
and 1/16 Outershield® 71M with 100
percent CO, shielding gas. The steel
sections were 2 inches thick, 8 feet long,
2.5 feet wide and 4.5 feet deep. Joined
to form 46-foot anchors, they are now
weighted in cement to secure the
structure.

The main horseshoe itself was formed
from two box girders of A572 grade 50
carbon steel welded with Lincoln’s
Lincolnweld® L-61 wire and 865 flux.
The fabrication is performed in
accordance with the Structural Welding
Code of AWS D1.1. The girder sections
are 2 inches thick, 6 feet long and 2.5
feet wide.They were shipped in 40-foot
sections and assembled on site.

While welding the box girders,
productivity gains were captured mostly
by the tandem submerged arcs. One AC
arc and the other DC, operators used
digital push-button controls on the
Power Feed® 10A to set waveform

Mark Steel

“Even running two
simultaneous arcs, they
maintained great-looking

welds on every
weldment,”

frequency, balance and amplitude to
obtain the optimal balance between
penetration and deposition. Welding
waveforms could be adjusted to any
frequency between 10 and 100 Hertz
with the turn of a knob. This allowed

operators to pinpoint maximum
productivity and quality for varying
materials and jobs.

“With just a push of a button, we can go
from single wire to tandem, from DC
positive to DC negative, and have the
ability to control the tandem. It allows us
to go to thinner materials, and to weld
faster if we need to,” said Darwin Childs,
welding engineer at Mark Steel.

Embedded software allows opposing
arcs to run in tandem without interfering
with one another. This translated to a
travel speed of 26 to 28 inches per
minute. Deposition rates increased from
about 28 pounds per hour with the lone
DC set up to about 55 pounds per hour,
using 3/16th wire on two arcs. This
proved particularly helpful for some of
the longer welds, which ran 38 to 40
consecutive feet.

Ultrasonic testing revealed the project’s
weld reject rate at less than 2 percent,
said Tony Noah, the Lincoln technical
sales representative, who helped Mark
Steel install its new equipment and
process.

“Even running two simultaneous arcs,
they maintained great-looking welds on
every weldment,” Noah added.

Cost Savings
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The shops fabricators had typically
beveled material of this size 30 degrees
on each edge to form a combined 60-
degree bevel at the joint. Now with
greater penetration abilities, the bevels
have been reduced to 22.5 degrees at
each edge to form a 45-degree total
wedge.

This narrower gap allowed reduced prep
time and grinding with less weld metal
required per inch of weld. Overall, Mark
Steel saw a productivity gain of 25 to 30
percent and a corresponding reduction
in consumable cost. The company also
realized a 10 to 15 percent reduction in
electrical costs using the inverter-based
equipment.

The Skywalk

The Grand Canyon Skywalk is now the
highest man-made structure in the
world, built with more than one million
pounds of steel. It was designed to
withstand an 8.0 magnitude earthquake
50 miles away.

It is equipped with three oscillating steel
plates, each 3,200 pounds, inside the
hollow bridge beams that act as shock
absorbers. They move up and down to
neutralize vibrations from foot traffic and
wind gusts. Set atop the box girders, the
walkway itself is constructed of three-
inch-thick, heat-strengthened glass.

Mark Steel

“It was good to know we
had the diagnostic software
and production monitoring
capability available in the
Power Wave.”

To meet the tight deadline, Mark Steel
welded around the clock. As such,
equipment reliability and technical
support was a key consideration in the
decision to go with brand new and
unfamiliar equipment in the eleventh
hour, Childs noted. During production,
Childs put his Lincoln sales
representative, Tony Noah, on 24/7
standby.

Quality Control

“We were lucky in that we didn’t need to
constantly monitor everything,” Childs
said. “We ran around the clock with two
10-hour shifts, but if something had
happened, it was good to know we had
the diagnostic software and production
monitoring capability available in the
Power Wave.”

As the largest steel fabricator in Utah,
Mark Steel took its role seriously as a
key player in such a high-profile job.

Company engineers knew the
importance of welding the anchor and

foundation of the record-breaking tourist
attraction, they had to be confident in
the quality of work.

Mark Steel regularly performs a wide
range of work including vessels, work on
ferryboats, refinery vessels, navy
vessels, power plants, heavy equipment,
booms and buckets. Childs noted that
now that the skywalk project is
complete, that the company will begin
using the Power Wave® equipment more
and more in their other projects.

Results

Tourists courageous enough to walk the
Grand Canyon Skywalk will enjoy
incredible views and appreciate the
remarkable engineering estimated to be
complete in late 2006. But for those too
timid to venture out past the tourist
center, it will be an attraction
appreciated from afar.
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Mark Steel

Featured Lincoln® Products

Power Wave® AC/DC 1000™

The Power Wave® AC/DC 1000™ is
the first power source to introduce
Waveform Control Technology® to
submerged arc welding. Variable
frequency and amplitude AC, DC
positive or DC negative output allows
the user to control the deposition rate
and penetration. An operator can
increase weld speeds, yield higher
quality welds and improve efficiencies
in a single or multi-arc environment.
The phase angle and frequency of
different machines can also be
synchronized to balance the
interactions between multiple arcs and
minimize arc blow. Depending on the
output, a welding arc may be driven by
a single machine or multiple machines
in parallel for applications that require
more than 1000 amps of continuous
operation.

Order K2344-1

WHAT IS NEXTWELD°?

The challenges facing industrial
fabricators today are growing in number
and complexity. Rising labor, material and
energy costs, intense domestic and global
competition, a dwindling pool of skilled
workers, more stringent and specific
quality demands all contribute to a

more difficult welding environment

today.

ThI’OUgh our LINCOLN

commitment
to extensive ELECTRIC

research and

investments

in product
development,
Lincoln Electric®

has established
an industry NEXTWELD

benchmark for

applying technology to improve the quality,
lower the cost and enhance the
performance of arc welding processes.
Advancements in power electronics,
digital communications and Waveform
Control Technology® are the foundation for
many of the improvements.

NEXTWELD® brings you a series of
Process, Technology, Application and
Success Story documents like this one.
NEXTWELD® explains how technologies,
products, processes and applications are
linked together to answer the important
questions that all businesses face:

» How can we work faster, smarter, more
efficiently?

* How can we get equipment and people
to perform in ways they've never had to
before?

* How do we stay competitive?

NEXTWELD? is the future of welding but
its benefits are available to you today. Ask
your Lincoln Electric® representative how
to improve the flexibility, efficiency and
quality of your welding operations to
reduce your cost of fabrication.

LINCOLN &
ELECTRIC

THE WELDING EXPERTS®

THE LINCOLN ELECTRIC COMPANY®
www.lincolnelectric.com
1.216.481.8100
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