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CHAPTER 11

PAINTING OF HIGHWAY BRIDGES
AND STRUCTURES

by

R.R. Ramsey and B.R. Appleman

. INTRODUCTION

This chapter covers present practice in the painting of
highway bridges and related highway structures. It em-
phasizes painting done in the field. Shop painting is
covered in a separate chapter.

This chapter brings together both general and special
considerations for the painting of highway bridges. While
some of the material here overlaps with material in other
chapters, the emphasis is given to the conditions and fac-
tors that are unique to or especially important for highway
bridges. The discussion is brief in topics that are covered
elsewhere. In the text the reader is referred to the most
relevant chapters, although this chapter is meant to stand
by itseif.

Highway bridges are painted for long-lasting corro-
sion protection of the structure and improvement of its ap-
pearance at the minimum cost.

Paint should function as an inhibitor and barrier to
prevent, as much as possible, the corrosive attack of the
steel substrate by moisture, air and oxidizing chemicals.
Primer coats therefore usually contain rust inhibitive
pigments or pigments such as zinc dust that reduces cor-
rosion through cathodic protection. The topcoats or finish
coats, on the other hand, provide barrier protection
through the use of polymers and pigments that protect
against moisture permeation and the constant attack of
weather.

The second purpose of painting highway structures is
for appearance. Quite often the color of the top coat is
chosen to harmonize with the adjacent topographic
features. In some localities a leaf green top coat blends
well with the surroundings, while in others a gray or
aluminum coat may serve better. An important considera-
tion for top coat selection is the ability to retain the
original color and gloss. Certain pigments (e.g. yellows,
biues) are prone to fading. Urethane top coats usually pro-
vide excellent color and gloss retention.

Some bridges are being painted in two colors to fur-
ther improve their appearance. For through structures,
where night visibility is of prime importance, the blending
of colors to comply with the surroundings might be a detri-
ment. On the other hand, the painting of bridge end posts
and steel members of overpass piers with obstruction
markings is an unsightly expedient but often necessary for
safety reasons.
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Il. STRUCTURES AND CONDITIONS

A. TYPES OF STRUCTURES

Highway structures requiring painting for protection
against corrosion are chiefly bridges. But, there are also
corrugated culverts which are usually galvanized, guard-
rails and posts, light poles, truck scales, buildings, road-
signs and miscellaneous structures. The same principles
apply to all structures, but only bridges will be discussed
in detail.

Steel highway bridges vary in span length from 20 feet
to the present Golden Gate suspension span of 4200 feet.
The types of steel highway bridges include the following:

Beam spans — simple, cantilever, continuous or com-
posite; always decked structures, span lengths to 120 feet
(Figure 1).

Girder spans — riveted or welded; simple, cantilever
or continuous; usually decked structures, sometimes com-
posite with deck; sometimes designed as box girders; span
lengths to 375 feet (Figures 2 and 3).

Rigid frames — riveted or welded, single or multiple
spans; decked structures; span lengths to 130 feet.

Truss spans — usually riveted; simple, cantilever or
continuous; through (Figure 4) or decked (the latter
whenever practicable); span lengths to 1800 feet.

Arches — usually riveted; single or multiple spans;
through or decked; span lengths to 1675 feet. Arches may
be trusses or girders.

Suspension bridges — spans up to 4200 feet (Figure
5).

Deck type structures, particularly the shorter spans of
beams, girders and rigid frames, are more protected from
the weather than the through and overhead types. Truss
types are more susceptible to painting difficuities than the
beam and girder types, because the latter have large
smooth surfaces, while trusses are broken down into
multitudinous corners, edges and small parts. A timber or
open steel deck gives rise to more corrosion below deck
than does a solid concrete slab. An exception to this case
has been noted in high humidity environments where, ap-
parently, condensation with poor drying conditions causes
more corrosion below solid deck structures. In the case of
a truss bridge with concrete floor, the paint on portions of
the structure above the floor is often in worse condition
than on the floor system below the deck. Although timber
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FIGURE 1

Beam spans can be simple, cantilever, continuous, or composite, but are always
decked structures. Oak Hill Road Bridge illustrates rolled beam simple span.

floors on bridges are nearly obsolete, old bridges with
timber floors and new bridges with open grating floors
show corrosive conditions below deck about equal to
those above the deck. Corrosion occurs on the top flanges
of floor members, and dirt falls through and accelerates
paint failure by collecting on lower surfaces. Severe cor-
rosive conditions are generally found at the ends of bridge
spans, at pin bearings, shoes, and expansion devices ex-
tending across the bridge floor. Water frequently flows off
at the ends of spans, where the accumulation of moisture
and foreign matter gives rise to corrosion. These places re-
quire special attention when the bridge is to be cleaned.
Periodic removal of the accumulated foreign matter in
maintenance operations will minimize corrosion at these
locations.

Steel piling to be driven into the ground is not general-
ly painted except where it is exposed. The type of protec-
tion to be chosen depends upon the type of exposure.

B. EXPOSURE ENVIRONMENTS

The local environment of the metal on a structure
substantially influences the rate of corrosion of the ex-
posed steel and the deterioration of the protective coating.
Volume 2 of the SSPC Manual(9 lists and classifies ex-
posure environments. For highway bridges the following
types of environments are considered most relevant.

* Mild: Low pollution in the form of sulfur dioxide, low
relative humidity, absence of chemical fumes or
accumulation of deicing salts, usually an in-
terior (inland) location.

* Humid, Interior: high humidity, low sulfur dioxide,

little deicing salt.

e Industrial: high sulfur dioxide, moderate or high
humidity.

e Marine: high salt content from proximity to sea-
coast or from deicing salt, high humidity and
moisture.

The above definitions are, by necessity, arbitrary.

Many bridges will not fall distinctly into any of the
categories. Some bridges may have intermediate climates
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Courtesy of Cal Trans

with moderate sulfur dioxide and moderate humidity, while
others may suffer from high humidity, high sulfur dioxide,
and salt. Frequently there is a large variation in the environ-
ment within a very smalil geographic area due to local ef-
fects. Sulfur dioxide levels may vary substantially from one
end of a structure to the other. The direction of sun and
wind and the degree of sheltering strongly influence the
highly critical time of wetness of structural members. De-
icing salts will normally affect specific areas of the super-
structure, up to 12 or more feet above the roadway and
various members of the substructure. The presence of
crevices or leaking joints will create accelerated local cor-
rosion. Faulty drainage and poor regular maintenance
cleaning of expansion joints further aggravate this situa-
tion.

Identifying the corrosion environment is important
because the suitability and durability of the coating are
directly affected by the type of environment. Thus, in some
locales, a relatively inexpensive, easily applied oil-alkyd
may last 15 years, whereas in more severe locations, that
system may show significant deterioration in 2-3 years.

The environment can be determined from the ge-
ography (proximity of seacoast, industry, cities) and
climate (acidity and quantity of rainfall, relative humidity,
pollution levels). However, the decision on painting nor-
mally requires individual inspection of the structure to
determine its actual condition. In particular, one must note
the performance of the coating system used previously
and the pattern of corrosion in order to select the most
suitable coating for repainting.

C. SURFACE CONDITIONS ENCOUNTERED

The surface of a bridge consists of a mulititude of mini-
surfaces with different conditions. Because of the large
diversity in structure types and designs, there is an enor-
mous variability in the proportions of edges, corners, bolts,
protrusions, back-to-back angles, joints, and flat areas.
Because these areas are not likely to be coated and pro-
tected evenly and because of differences in environments,
the condition of the substrate will vary considerably from
surface to surface.
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Typical surface conditions encountered on bridges

older than five years are as follows:

. Tight, intact paint with no rusting.

Tight, intact paint, with some signs of visible rust.
. Finish coat worn down to primer.

. Popping of mill scale down to bare metal where
shop cleaning was inadequate.

Flaking, blistering, alligatoring paint.

Bare steel corroding, tight rust.

Heavy rusting and pitting; loose, flaky scale.

. Contamination from oil, dirt, debris.

For each structure, highway officials have a series of
options to consider, ranging from leaving the surface com-
pletely untouched to complete blast cleaning and repaint-
ing. In between are the options of spot cleaning, touchup,
and overcoating. The action taken and the type of coating
system selected depend on the extent of occurrence of the
surface conditions described. Other factors, described in a
later section, also influence the decision.

The condition of the structure is normally described in
terms of the percentage of the surface showing some sort
of failure such as rust, blistering, or delamination.
However, because of the variety of surfaces and non-
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uniformity of failure from beam to beam, the ASTM stan-
dards are difficult to apply.

Frequently, the condition is expressed as the overall
percentage of the area exhibiting deterioration. Alter-
natively, a rating system of 1 to 10 or excellent-good-fair-
poor may be used. For bridges having less than 1 or 2%
rust, the usual choice is to spot clean and spot prime,
followed by one or two full topcoats. It is important to
ascertain whether the intact paint is still tightly adhering
and “alive”, (e.g. not too thick or brittle).

For structures showing greater than 20-25% surface
deterioration, it is usually more cost-effective to clean the
entire structure (particularly if abrasive blast cleaning is
available). In the intermediate range, the decision is more
difficult and usually depends on local preference. SSPC-
PA Guide 4 presents a set of guidelines’s.

it shoulid be pointed out that the above visual percen-
tage rating assigned a structure by an inspector or
engineer is not equivalent to the ASTM visual rust ratings
per SSPC-Vis 2 or ASTM-D 610'7. The former is normally
based on a percentage of the area requiring repainting
while the latter is a numerical identification of the frac-
tional area covered by rust or failed paint.

FIGURE 2
Continuous girder spans, Elkhorn Bridge, Sacramento River.
Courtesy of Cal Trans
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D. BRIDGE STATISTICS

The following data are presented to demonstrate the
magnitude of the problem of protecting highway bridges.
According to the most recent survey (1978) by the Federal
Highway Administration, there are approximately 112,000
steel bridges in the United States. Over 4000 of these are
structurally deficient; a large part of the deficiency arises

from inadequate maintenance. The cost of that neglect is
hundreds of millions of dollars per year.

An approximate breakdown of the steel bridges is
shown below (Table 1) in terms of the type and size of
structure and the bridge environment. These data are taken
from a 1980 Federal Highway Administration research
report'.

TABLE 1
Distribution of Steel Highway Bridges*
Exposure Environment

Bridge Type
and Size Rural Industrial Marine Total
Girder, < 60 feet 30,000 20,000 11,000 61,000
Girder, < 60 feet 14,000 10,000 6,000 30,000
Truss, < 60 feet 5,000 3,000 2,000 10,000
Truss, < 60 feet accessible 3,000 1,000 1,500 5,500
Truss, < 60 feet inaccessible 3,000 1,000 1,500 5,500
Total 55,000 35,000 22,000 112,000

*includes bridges on Federal Aid highway system; most county-maintained structures are not included.

lll. COATING SYSTEMS FOR FIELD
APPLICATION

Coating systems are the principal means for corrosion
protection for over 99% of the steel bridges in the U.S. The
coating system as used in this text consists of the surface
preparation, paint application, and coating materials.
(What the author calls “coating system” is synonymous
with what the SSPC calls “painting system”). Each of
these three elements is important for achieving satisfac-
tory protection. Most coatings experts consider the sur-
face preparation to be the single most important part of
the coating system. For some zinc-rich, water-borne, or
other high-technology coatings, the application is almost
equally critical. These two aspects normally account for 50
to 80% of the total cost of bridge painting. In this section
are discussed the more common highway practices in
preparation, application, and choice of coating systems.

on the steel surface produced by abrasive blast cleaning.
Surface contaminants on steel surfaces act as collecting
sites for moisture and soluble salts, and if not removed
they wiil cause accelerated rusting and corrosion product
to build up on the underlying surface. This contributes to
the early failure of the paint system.

The methods of surface preparation for the field paint-
ing of steel highway bridges depend upon the condition of
the surfaces prior to painting. There are at least nine
methods of surface preparation described by SSPC. The
most important ones for highway steel are hand and power
tool cleaning (SSPC-SP 2 and SSPC-SP 3), commercial
(SSPC-SP 6), brush-off (SSPC-SP 7), and near-white (SSPC-
SP 10) blast cleaning.

In the painting of bridge structures, the most cost-
effective method for preparing large surfaces and intricate
configurations is abrasive blast cleaning. This inciudes
jobs requiring extensive touch-up work on corroded joints

M mprehensive treatments are given in other o
choarste::: P g and newly erected steel, and the complete repainting of an
: existing structure. For minor spot repair, hand or power-

A. SURFACE PREPARATION tool cleaning may be more practical. In addition, when
Surface contaminants such as rust, rust scale, painting over existing sound paint, water blasting may be

chemicals, salts, dirt, loose paint, dust, oil, grease and
moisture will cause poor bonding of a coating to the
substrate. Good surface adhesion of the primer coat is
essential to long service life. If inorganic zinc primers
are used, good surface adhesion requires an anchor pattern
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preferred to brush-off blast cleaning.

Concern over the toxicity of silica sand and paint
dusts have caused regulators to impose limitations on dry
abrasive blasting in some areas. Alternative cleaning
methods such as wet sand or grit blasting, water blasting,
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