
The Steel Market 
nd Tomorrow 

w-?tE? E%iC steel 
industry's troubles were 

widely reported in the 1970s, its re- 
covery has been widely ignored. 
As a result, many people continue 
to carry misconceptions about the 
future of the steel industry. 

Currently, there is intense 
worldwide interest in advanced 
materials and processing. And 
while many pundits have called 
attention to the rapidly expanding 
markets for materials such as fine 
ceramics, composites and semi- 
conductors, few are 
paying attention to the 

use in true structural applications. 
Polymers have the required elastic- 
ity, but their low strength creates 
many structural problems. And 
while polymers have proven to 
have the requisite chemical and en- 
vironmental stability needed for 
structural design, concerns over 
waste disposal may make this as 
much a liability as a benefit. 

Mature Industry 
Many observers suggest that the 

metals industry is based on old, 
outdated technology, and that the 

advanced materials, the processing 
employed in their production is re- 
markably crude. 

In addition, extensive develop- 
ment has raised the physical prop- 
erties of metals to exceptional lev- 
els. For example, , a 10 ksi 
improvement in the fracture 
toughness of steel would represent 
an approximate 10% relative im- 
provement, while an equal in- 
crease for a ceramic would repre- 
sent a relative increase of 400% or 
more. Thus, major relative gains in 
the structural properties of metals 

are much more difficult 
to achieve than for . . 

growth of steel. Part of other classes of materi- 
the reason is that steel's The U.S. has moved from importing als. 
growth rate is low- 40% of its structural steel to being a around 2% annuallv. Steel Today 
B U ~  even with that lo& net exporter-including shipments to During the 1970s, 
rate, the increase in the both Europe and Japan foreign producers made 
steel market in terms of substantial inroads into 
both dollars and tons the U.S. steel market- 
far outstrips the growth 
of other materials. 

The steel construction market 
also is crucial as a major compo- 
nent of the U.S. GNP. For example, 
while many people decry the loss 
of the consumer electronics indus- 
try to offshore suppliers, they 
don't realize that the value of that 
market pales in comparison with 
the metals market. Purchase one 
new VCR and one new television 
for each of the 100-million house- 
holds in the U.S. during the next 
decade and it will cost $60 billion. 
Purchase a new car for each house- 
hold and it will cost $2 trillion. But 
rebuild the nation's infrastructure, 
and the cost will range from $5 tril- 
lion to $10 trillion. 

The primary advantage of met- 
als as a structural material is its ex- 
ceptional combination of strength 
and toughness. Ceramics have ex- 
ceptional strength, but their ex- 
treme brittleness precludes their 

reaching, at one point, 
advanced ceramics, semiconduc- more than 40% of the total U.S. 
tors, polymers and composites rep- structural steel market. The domes- 
resent the high-technology wave of tic steel industry responded by up- 
the future. For those whose profes- grading its production facilities to 
sional interests have straddled the produce a lower-cost, high-quality 
traditional metals industries, as product. 
well as the newer "high technol- Chaparral Steel, which began 
ogy" industries, the claim of tech- operating in the mid-1970~, is a 
nological sophistication of ad- good example of the domestic re- 
vanced materials is striking. sponse to foreign incursion. The 

From the point of view of mate- company uses steel scrap as a raw 
rials science and fabrication tech- material, electric furnaces for melt- 
nology, our knowledge of tradi- ing, and continuous casting and 
tional materials far exceeds our rolling to produce bar stock and 
knowledge of advanced materials. structural beams. The corporate 
As one of my colleagues says, with strategy is to be the world's low- 
traditional materials "all the easy cost producer of quality steel prod- 
problems have been solved." For ucts. 
example, the scrap rate for the steel Given that world labor rates are 
industry is extremely low, espe- much lower than U.S. wages, the 
cially when compared with to the company's philosophy was to re- 
advanced materials industries duce the labor content of a ton of 
where rejection rates of 75% to 90% steel to less than the shipping cost 
or more are not uncommon. Given of a ton of imported steel. Thus, as 
the sophisticated applications of Chaparral President Gordon For- 
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ward said: "Even if other countries 
pay their workers nothing, they 
would not be able sell steel in the 
United States at a lower cost than 
Chaparral." The strategy has 
worked. With less than 1,000 em- 
ployees, Chaparral produces 1.5 
million tons of product per year, 
which is equivalent to 1.2 man- 
hours per ton of steel. By compari- 
son, the best integrated steel pro- 
ducers, both in the U.S. and 
abroad, require six man hours per 
ton. 

Through the use of unconven- 
tional management, near-net-shape 
continuous casting and progressive 
rolling schedules, the company has 
reduced the cost of structural steel 
beams by approximately 30%. It 
completes the rolling process in 
seven to 11 passes, as compared 
with 25 to 30 passes for conven- 
tional processing. Today, virtually 
no structural beams of the size pro- 
duced by Chaparral are imported, 
and the company is exporting to 
both Europe and Japan. And Chap- 
arral is not alone, as can be wit- 
nessed by the success of Nucor and 
several smaller brethren. 

At the same time that mills are 
refining their production pro- 
cesses, they also are introducing 
new products. For example, a 
quenched and tempered low-alloy 
structural steel plate with 70 ksi 
minimum yield strength (ASTM 
852) was recently introduced. This 
steel was developed to close the 
gap between the 100 ksi and 50 ksi 
yield strength steels used in bridge 
construction. It is weldable, utiliz- 
ing shop and field methods similar 
to those required by 50 ksi ASTM 
A588 steel. Also, it is a weathering 
steel with greater atmospheric cor- 
rosion resistance than carbon steel. 
By following the Federal Highway 
guidelines for the use of uncoated 
weathering steel, it virtually elimi- 
nates the need for painting, which 
can result in significant life-cycle 
cost savings. 

Various techniques for timed 
quenching also have resulted in 
new product offerings. These 
structural shapes and plates have 
improved properties and weldabil- 
ity. TradeARBED HISTAR rolled 

beams and column shapes are pro- 
duced by quenching and self-tem- 
pering steel with low carbon 
equivalent and result in a high 
yield strength, improved tough- 
ness, and excellent weldability. For 
plate steel, USS 0-TEN is a low 
carbon steel made to an inclusion- 
shape-controlled practice and is 
quenched and tempered to provide 
50 ksi minimum yield strength 
with improved through-thickness 
properties, notch toughness and 
weldability through 4 thick. 

The Future Of Steel 
While steel has retained its 

prominent place in the market, the 
lesson that has been learned is that 
com~etition is unending. Thus. ef- " 
forts are continuing to reducethe 
cost of structural steel while con- 
tinuing to improve its properties. 

Among the most likely new 
technologies to produce cheaper 
products are new smelting pro- 
cesses which eliminate blast fur- 
naces and coke ovens, and alter- 
nate solidification processes that 
produce a cast product much 
closer to finished size, e.g. "dog- 
bone" beam blanks or thin slab 
casting. 

Steels of less than 50 ksi yield al- 
ready are very weldable and have 
little need for improved micro- 
structure. Instead, there will be a 
push towards higher toughness 
that will require increased used of 
clean steel melting and processing, 
specifically lower sulfur, lower ni- 
trogen (if practical) and more uni- 
form. heating, rolling and cooling. 

Steels with 50 to 100 ksi yield 
strengths are expected to show 
rapid improvement in weldability 
during the next decade. In addi- 
tion, improved weld metals are ex- 
pected to be developed that will 
permit higher inputs and increase 
productivity in fabrication. 

Estimated World Markets 
For Advanced Materials 

In The Year 2000 

Market Annual 
Volume Growth 

Fine Ceramics $5 billion 20% 

Composites $1 5 billion 10% 

Semiconductors $1 00 billion 5% 

Steel $500 billion 2% 

Comparison Of 
Expected U.S. Expenditures 

Between 1991 and 2000 

A new TV and VCR 
for every U.S. 
household $60 billion 

Savings & Loan 
Bailout $500 billion 

A new car for every 
U.S. household $2,000 billion 

Defense Budget $3,000- 
5,000 billion 

Health & Human 
Services Budget $5,000- 

$10,000 billion 

Rebuild the nation's 
infrastructure $5.000- 

$10,000 billion 

This article was based on a talk of Technology, Cambridge. Part of this 
given by T.W. Eagar at the 1991 Na- article also was based on a presenta- 
tional Steel Construction Conference tion by John Barson, a senior consul- 
and a paper previously published in tant at US Steel during the "Funda- 
Welding Journal. Eagar is the Richard mental Aspects of Structural Alloy 
P. Simmons Professor of Metallurgy, Design" conference at the Jaffee Sym- 
Department of Materials Science and posium in Monterey, CA. 
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