


Table 1. R&D expenditures in the
United States for 1984. (Source:
Business Week, July 8, 1985.)

Sales R&D
Industry  $billion $ billion Percent
Drugs 53.6 3.8 71
Aerospace 61.8 29 48
Automotive 169.2 5.7 34
Chemical 119.3 3.6 3.1
Construction  350.0 — —

From a wide range of respondents, I
developed the data shown in Table 2.
My R&D figure of 0.083 percent ap-
pears to be in good agreement with the
PCI estimate of 0.1 percent. As Table 2
shows, pretensioning sales volume is
greater than that of post-tensioning — a
traditional pattern in North America.
Sales for the prestressed concrete indus-
try total $4.2 billion; about one third of
that is for bridges.

Examining the bridge data gives a
clearer picture — we know the R&D
expenditures and the actual construc-
tion volume. In this most highly orga-
nized sector of prestressed concrete
owners, annual research dollars amount
to 0.14 percent of bridge construction
volume. From this, I have concluded
that, in North America, we are spending
about 0.15 percent of revenues on pre-
stressed concrete R&D. Thatis less than
half the R&D expenditures of the over-
all construction industry, and less than
one-thirtieth of R&D spending in the
more consumer-oriented manufacturing
industries.

Despite several significant innova-
tions in the use of prestressed concrete in
modern structures, one must conclude
that, in North America, this industry is
neglecting its R&D responsibilities.

The major sponsors of prestressed
concrete research are federal and state
highway departments and national re-
search foundations. Universities un-
dertake 45 percent of the research effort,
carrying on the work in 12 universities
mostly located in the traditionally strong
prestressed concrete market areas of
Texas, Florida, Pennsylvania, Wash-
ington and Louisiana.

The prestressed concrete industry it-
self provides another 35 percent of the
research, mostly by manufacturers in-
house; the carefully coordinated PCI
research program, which provides a
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balance between PCI-funded research
projects meeting specific industry needs
and an ongoing research fellowship
program to generate student interest in
prestressed concrete, has been very
useful. Consultants and private labora-
tories undertake 15 percent of the re-
search work, and the remaining 5 percent
is done by government laboratories.

New Talent Needed

There is another serious vacuum
emerging in the prestressed concrete
industry. In our highly technical world,
young people feel that the future lies
with computers. The technically quali-
fied are opting for careers in computer
science and electrical engineering, and
are generally not choosing civil engi-
neering. They see astronomical growth
and development in electronics, which
has moved from vacuum tubes to tran-
sistors to integrated circuits in just a few
decades. We do a poor job of pointing
out that our industry shows a similar
potential for change.

Despite all this competition, we do
see change. For example, a recently
completed 58-story building in Seattle,
Washington, was designed using 14 ksi
(96 MPa) concrete columns where actual
concrete strengths reached 18.5 ksi (130
MPa). In the laboratory, researchers
have made 29 ksi (200 MPa) concretes.
We need to study how best to use these
exotic materials in practical applications.

On a more day-to-day level, the prac-
tical attainment of very high strength
concretes with compressive stresses of
10 to 14 ksi (69 to 96 MPa) has become

Table 2. Sales volume and research
expenditures in prestressed concrete
in the United States and Canada
(1990).

Overall sales

Pretensioned $2.7x 10°
(precast)
Post-tensioned $1.5x 10°

Total $4.2 x 10°

Overall research
Known
expenditures
PCI estimate

$35x10°  0.083%
$42x 100 0.1%

$1.3x10°
$1.85x 10°

Bridge sales

Bridge research 0.14%

routine. For example, additives such as
microsilica fumes and high range, water
reducing admixtures have made possible
the use of 10ksi (69 MPa) columns inan
18-story precast concrete condominium
in Delaware and the routine use of 9 ksi
(62 MPa) long span, pretensioned gird-
ers in Texas.

Similar developments have taken
place in steel tendons, where oversize
0.5 in. (12.7 mm) strand, 9/16 in. (14.3
mm) strand, and 0.6 in. (15.2 mm) low
relaxation strands are now common. A
300 ksi (2100 MPa) strand has been
introduced, and there have been experi-
mental uses of Kevlar and fiberglass
tendons for anti-corrosion and
nonmagnetic applications.

The future is here today, yet we let
young people think we are an old and
stodgy industry. If we do not win the
battle to attract bright, young men and
womento our industry, we will ultimately
perish.

Concern for Durability

Worldwide, there has been great
concern about durability, especially in
materials for structures that are sub-
jected to harsh environments such as
freezing temperatures and saltwater, and
deicing salts, sulfates and pollutants.

In North America, the 1989 ACI
Building Code features a new chapter
devoted to the issue of durability. That
ACI Code mandated the latest Post
Tensioning Institute standards for im-
proved corrosion protection of unbonded
tendons. Unbonded tendons used in
corrosive environments must be com-
pletely encapsulated and be further
protected with high quality greases. The
Canadian Standards Association has is-
sued strict durability related guidelines
for parking structures.

Considerable empbhasis is still given
to high quality concrete as the first line
of defense against corrosion, but electri-
cally isolated tendons, the use of plastic
ducts, and improved grouting provide
additional low cost insurance.

For example, an electrically isolated
tendon assembly developed and patented
by Schupack and Suarez completely
encapsulates the tendon (including an-
chorages) in an electrically insulated
plastic to protect it from stray currents.
Schupack and Suarez report that the
extra cost to incorporate their tendon
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Fig. 1. Dollars spent on bridge construction in the United States.

assembly into a large parking structure
was only 1 percent of the structure’s
total construction cost — a modest pre-
mium to eliminate the cancer of corro-
sion.?

An exciting recent development has
been the major effort by Florida Wire
and Cable Company todevelop and bring
to commercial production an epoxy
coated prestressing strand. The epoxy
coating, which is extremely tough, can
be used with or without an impregnated
grit. The grit improves bond, giving
development length and transfer length
characteristics equal or superior to
uncoated strand.

A recent NCHRP study?® indicated
excellent creep characteristics and found
“epoxy coated prestressing strand to be
remarkably tough and effective against
corrosion in both pretensioned and post-
tensioned applications.” Although ep-
oxy coated strand costs about twice as
much as bare strand, it may be a useful
alternative in highly corrosive environ-
ments. As larger scale production gets
underway, the cost differential should
decrease.

Because there are concerns over the
behavior of the epoxy coating at high
temperatures, it is not recommended for
members requiring a fire rating until
further fire tests have been completed.
There is also evidence that epoxy coated
strand requires greater edge distances
than uncoated strand to prevent cracks
from radiating from the strand to the
concrete surface.
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Advances in Bridge
Construction

Overall construction spending for
highways in the United States, as a per-
centage of gross national product, has
fallen far below the golden decade from
1960 to 1970. Yet dollars spent on
bridge construction have continued to
grow (Fig. 1), although much of the
growth reflects inflation. Fig. 2 shows
the dramatic growth in prestressed
concrete bridge construction compared
to other types of bridge construction.
The number of prestressed concrete
bridges is steadily growing because of
their advantageous first costs and lower
maintenance costs.

Modermn prestressed concrete bridges
are replacing traditional steel bridges in
the medium and moderately long span
ranges. An excellent example is
Ontario’s Burlington Skyway Bridge
(Fig. 3). The new prestressed concrete
segmental bridge in the foreground was
designed and builtas atwin of anexisting
steel bridge.

Several new interesting structural
concepts for bridges have been devel-
oped in North America. For moderate
spans, the bulb-T section originally in-
troduced by Dr. Arthur Anderson (Fig.
4) has been refined and reintroduced as
an optimized PCI section with an im-
provement in flexural efficiency when
compared to the traditional small-flange
AASHTO sections. AsFig. 5 shows, the
cost index of the optimized bulb-T is

Fig. 2. Percentage of bridges built in the United States.

significantly lower than that of tradi-
tional AASHTO sections in the 82 to
148 ft (25 to 45 m) span ranges.

Probably one of the most significant
current developments in prestressed
concrete structural systems throughout
North America has been the explosive
growth of segmental and cable stay
bridges. Structural concepts and erection
methods for this bridge category have
undergone considerable evolution. The
somewhat stodgy, technologically con-
servative, and increasingly manageri-
ally fragmented bridge construction in-
dustry reported unfavorable experiences
with some segmental and cable stay
bridge projects; however, inmany cases,
the problems arose because their man-
agement personnel were unfamiliar with
the new technology.

A new organization, The American
Segmental Bridge Institute, has been
founded to advance design and con-
struction technology and to provide a
resource bank of information for de-
signers and constructors. Under the
leadership of the Post Tensioning Insti-
tute, a comprehensive new design and
construction guideline, “Design and
Constructton Specification for Segmen-
tal Concrete Bridges,” was developed
under a NCHRP contract and was
adopted as an interim standard by
AASHTO. The guideline should greatly
reduce conflicts and confusion.

There has been a wide variety of ap-
plications of external tendon bridge
concepts. Many current projects blend
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