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SUMMARY

This report relates steps taken by the Department to minimize coatings
maintenance on metal appurtenances used on the highway system. The ap-
purtenances covered are those used in significant tonnages such as guard-
rail, bridge railings, and bridge structural steel girders.

Lowering the cost of maintaining these appurtenances infunctional con-
dition and an aesthetically pleasing appearance has long interested several
Department Divisions, though Testing and Research was delegated to inte-
grate the efforts under Research Project49 G-50, authorized in1949. Sub-
sequently, this project was givenspecial emphasis; and with approval of the
Federal Highway Administration was carried as a cooperative project un-
der the Highway Planning and Research Program, covering evaluations.
scheduled for July 1, 1964 to July 1, 1969,

The scheduled evaluations varied for the different appurtenances. Prior
to the initiation of the HPR program, the Department had switched from
painting steel beam guardrail to galvanizing them on both new construction
and as a maintenance recoating procedure., Some of these galvanized guard-
rail were found to suffer "white rusting' deterioration. Determining the
extent andthe causative mechanism for the premature deterioration was an
objective ofthis project. The study showed that white rusting occurred only
during some winters, and preferentially at some locations--with encasement
in snow or salt-laden snow a requisite--though we could not isolatethe exact
causative mechanism. It appears almost exclusively the first winter on new
installations when the galvanizing has not yet oxidized to develop its own
protective coating. Protecting the new galvanizing with a short-lived coat-
ing, like a chromate conversion type, appeared as an obvious corrective.
However, we wereunable tofind a low-cost source for such coating to eco-
nomically justify application on 100 percent of the footage to protect the 5
percent that would be affected.

Evaluations scheduled for our standard steelbridge railings were simi-
lar to those for the beam guardrail since these were also being galvanized
rather than painted, when the HPR phase began. The galvanized bridge
railings, however, were seldom affected by white rusting deterioration, for
unknown reasons,

The Department's decision to galvanize the steel beam guardrail and
bridge railings rather than painting them was most prudent since generally
for the same cost, the galvanizing yielded a coating system providing pro-
tection at least twice as long as paints.

Subsequent tothe galvanizing requirement for railings, the Department
on new construction placed in service exposure a variety of more mainte-
nance-free railing materials including aluminum-alloy, unpainted low alloy




steel, and concrete. Currently, the latter is finding favor for safety con-
siderations. :

For coating bridge structural steel girders, the Department has con-
ducted laboratory screening tests on paint systems followed by in-service
tests of the superior systems. On the basis of these evaluations, we have
mode rately revised the individual paint specifications, increased the thick-
ness requirementfrom 3to 4 coats of paintyielding a 5+ mil thickness, and
substituted sandblasting of the steel for the former hand. cleaning. This
paint systemhas aservice life of about 15 years, which is undesirably low,
however, giving the Department a current maintenance repainting work load
of 180 bridges per year. In an effort not to add to that statistic, the De-
partment has recently required the lowalloy unpainted steel for bridge gir-
ders on new construction; actually a parallel endeavor of the solution to
this maintenance problem.




INTRODUCTION

The Problem

The purpose of this study is to evaluate currently specified precoating
cleaning procedures, coating compositions, and application methods on high-
way structural metals to determine their comparative abilities to protect
the base metal from deterioration. The intent is to determine the best sy-
stem of cleaning, coating, and application~~on a performance and cost
basis--for coatings on highway metal components exposed to the Michigan
environment.

The Department has long recognized the importance of sound protective
coatings for highway metals and accordingly, in 1949, established Research
Project 49 G-50, '"Study of Protective Coatings for Structural Steel." In
the past, this problem has been handled within several Divisions of the De-
partment, resulting in the accumulation of considerable background mate-
rial; but the pressure of otherwork with its required budgeting of effort has
prevented a systematic analysis of this problem and integration of the in-
formation,

The recent increase in Interstate mileage, built to higher standards
requiring more appurtenances and attendant: bridge structures whose struc-
tural steel members require periodic coating maintenance, has placed in-
creasing emphasis on the value of superior protective coatings; partially
because of the difficulty and expense of restricting and controlling traffic
during maintenance recoating operations,

Scope

This study pertains tothe protection of ferrous metals used for outdoor
highway applications. In particular, two methods of protection will be stud-
ied, paint and galvanized coatings. Particular emphasis will be placed on
highway applications where severe environmental problems currently exist,
such as beam-type guardrail, bridge railing, and structural beams for
bridges. The durability of various paints and methods of application, and
of galvanized coatings, will beevaluated under controlled laboratory condi-
tions and in field tests.




Objectives

This study is aimed at developing information on the following specific
categories:

1) To determinethe environmentalfactors such as weather, humidity,
stacked snow, and de-icing salts, that are responsible for the phenomenon
of "white rust" formation and deterioration of galvanized guardrail which
had occurred quite extensively during the 1961-62 winter season.

2) To develop, by field inspection and analysis of affe cted rail, a labo-
ratory environmentthat duplicates field attack on galvanized coatings; then
use this controlled laboratory environment in testing and developing cor-
rective measures for this type of deterioration,

3} Todevelop information on service life of paint coatings from field
inspections, repainting schedules, and controlled field tests.

4) Todevelop improved methods of cleaning, prepainting, andappli-
cation procedures by means of accelerated weathering tests (with laboratory
equipment) using Department methods and practices for control purposes,

5} To compare performance of topcoat paints for structural steel under
accelerated weathering tests using current Departmental paint s pecifications
for control purposes.

6) To coordinate information on current service life of test coatings
with their costs for an economical analysis cove rmg the different hlghway

applications.

Project Schedule

The above three paragraphs, Problem, Scope, and Objectives are es-
sentially as written in the Project Proposal presented in February 1963.
Subsequently, it was approved by the Department and submitted to the Feder-
al Highway Administration forapproval as a Highway Planning and Research
project meriting Federal financial participation.

The approval was subsequently obtained. The study was to run in two
phases for a total of five years. The first phase of three years was sche-
duled from July 1, 1964 through June 30, 1967; it was to include all labora~
tory work and most of the fieldwork. The second phase from July 1, 1967
through June 30, 1969, under a reduced work load, was to consist mainly




of inspections to evaluate relative performance of coating systems placed
in field tests under the first phase. Because the project study fell behind
in use of programmed time and in attaining objectives, in the s pring of 1967
the Department asked for approval to carry the second phase study under a
standard work load, rather thana reduced work load as originally proposed.
This was approved by the Federal Highway Administration,

The researchdescribed herein was carried out by the Research Labo-
ratory of the Michigan Department of State Highways and Transportation in
cooperation withthe Federal Highway Administration. The contents of this
report reflectthe views of the authors whoare responsible for the facts and
the accuracy of the data presented herein. The contents do not necessarily
reflect the officialviews or policies of the Federal Highway Administration.
This report does not constitute a standard, specification, or regulation.

STEEL BEAM GUARDRAIL

As mentioned earlier, this study was to concentrate on reducing coat-
ings maintenance by finding: 1) improved coatings for steel materials used
in large quantities on the Michigan highway system; or, 2) alternate mate-
rials. These materials were: steel beam puardrail, bridge railing, and
bridge structural steel. The study would concern construction coatings and/
or materials, and maintenance coatings for existing structures and appur-
tenances.

Prior toWorld War II, guardrail was not extensively used. That which
was used consisted of stranded galvanized cable, sometimes overcoated
with white paintby maintenance personnel. Maintenance was not a signifi~
cant problem under low and slow traffic and less demanding de-icing and
snow removal requirements.

After World War II, the cable guardrail began giving way to the plate
type which evolved through several configurations until the current one was
reached, now a National and International standard. The steel guardrail
was factory primed and, after installation, overcoated with two coats of
white paint to provide good hazard delineation. However, with increasing
traffic and its demands, this paint system could not withstand the corrosive
effect of de-icing salts, snowplow abrasion in the cold of winter, and im-
pingement of aggregates thrown out by vehicle tives, so it had to be top-
coated on about a two-year cycle. Since guardrail mileage had also in-
creased, this was presenting a maintenance problem.




Figure 1. Typical 12-year old galvanized guard-
rail, showing spotty weathering-away loss of zinc
coating (brown rusting) onthe topportion, spread-
ing fromthe cut ungalvanized long edge (June 1969).

e,

Figure 2. During its firstyear of in-
stallation, guardrail end~-shoe on I 94
west of Kalamazoo shows spotty loss of
galvanizing (dark areas = brown rust-
ing)and some white rusting while the
adjoining long railings are in good con-
dition (November 1960).

Figure 3. Example of '"white rust"
formed ongalvanized guardrail during
first winter of exposure onI 96 at Grand
Rapids. Rusting was not confined to
end-shoes, though photo shows faces
of a dismantled pair brought into the
Lab for study (March 1962).



Galvanized Guardrail

In 1957, as an experimental preventive maintenance measure, the De-
partment substituted galvanized for painted guardrail on two construction
projects: M 78 east of Lansing, and on the medians of two freeways in De-
troit. Topcoating with white paint to improve delineation was judged unne-
cessary and was not required. The installations met with quick acceptance
and resulted in the Department's revision of gpecifications requiring the
galvanizing. To our knowledge, we were one of the first states to adopt the
galvanizing revision.

The two original galvanized installations have been maintenance-free,
regarding coatings, during their 15 years of service. TFor several years
now, they have been showing a progressive loss of galvanizing on their top
portions which will shortly require some action (Fig. 1). On a few subse-
quent installations, notably I 96 near Farmington, and US 127 north of Jack-
son, the weathering-away loss of galvanizing has been at a slightly faster
rate, for unknown reasons. Governing specifications required 12-gage
metal, galvanized in accordance with current ASTM A525, Coating Class
2.50 oz/sq ft of metal (original specifications required Coating Class 2.25
oz), though minor amounts were obtained galvanized in accordance with
ASTM A123 with 2 oz/sq ft of surface.

Within a couple of years of adoption of galvanizing for the guardrail,
sporadic complaints were received concerning localized deteriorationof the
galvanized coatings. Figure 2 shows one such complaint area where the
end-shoe showed spotty loss of zinc coating, while the abutting straight rail
was in the normally good condition for installations less than one year old.
Incidentally, about 72 end-shoes were installed under this contract with
about one-third of them showing some deterioration at a survey time in
November 1960. All of the latter showed white rust attack with the four
worst ones showing somebrown rusting as well (base metal corrosion signij-

fying complete loss of galvanizing}. The worst end-shoe of the fouris shown
in Figure 2,

In the spring of 1961, and particularly in 1962, localized aggressive
deterioration of galvanizing was noted on some new installations, the latter
notably on the currently designated I 96 between Grand Rapids and Muske-
gon. This roadway, an Interstate freeway, is about 40 miles long; with
most of it opened to traffic in late 1961. Much of the galvanized guardrail
was installed shortly before the opening. In March-April 1962, as the snow
piled against the guardrail began to melt and compact, areas of guardrail
were revealed having incrustations of white rust, a bad case of which is




shown in Figure 3. The occurrence of this was spotty, with the spots vary-
ing in length from inches to perhaps 100 ft. About 10 percent of the total
guardrail footage showed some coating deterioration, evidenced mostly by
the white rust. Generally, when this was scraped off a zine underlayer
was revealed; occasionally a black underlayer was revealed which we dub-
bedthe "inner zinc-alloy layer, " thereby signifying a more severe or deeper
corrosion. A small percentage of the affected area exhibited the brown
rusting signifying complete loss of the galvanized coating.

From all of the aforementioned, it was deduced that galvanizing on
Michigan guardrail would generally provide a much more durable coating
than painting, though a problem of chance premature deterioration of the
galvanizing, via white rusting, did exist as evidenced on the I 96 installa-
tions. The extent of the latter made Department personnel aware of the
existence of the problem and soonits presencein other locations throughout
the State was being noted and reported. It was subsequently decided.that
we study, under this project, the prevalence, causes, and possmle correc-—
tives of this premature deterioration.

Prevalence of White Rusting on Galvanizing and Tts Causes

Upon receipt of the above complaints reégarding deterioration of the
- galvanizing, we consulted the literature and contacted several trade organi-
zations, such as the American Zinc Institute, Galvanizing Institute, et al.

We obtained information that galvanized materials were subject to white
rusting, sometimes called "wet and/or humid storage stain, ' when stored
unde r humid and/or condensing conditions withthe materials closely packed
80 as to receive variable ventilation.

Returning to the complaint shown in Figure 2, it was evident that de~
terioration of galvanizing on the end-shoes did not occur after installation
because the adjoining sections of guardrail showed no corrosion. Conse-
quently, it had to happen before installation. We analyzed the problem of
the '"white and more severe brown rusting” on some of the end-shoes as
being due to improper storage either at the producer's or after delivery at
the construction site. Perhaps a contributing factor was the 'overstressing
and consequent faulting of the coating on the pregalvanized sheet (ASTM A93)
during the forming ofthe end-shoe. To correct this, the Department issued
a directive toproject personnel to check for improper storage of guardrail
(and culverts)at the construction site, and setting guidelines for the accep-
tance and rejection of galvanized materials showing white rusting. The
producers were informed of the directive in order to minimize white rust-
Ing in their storage facilities. In addition, we requested that end- shoes be
hot-dip galvanized after forming.




Returning to the complaint exemplified in Figure 3 we reviewed our
inspection notes covering the I 96 and other projects and list the follow-
ing findings:

1) White rust deterioration of galvanized coatings on installed guard-
rail in Michiganis somehow connected with winter's snows and its removal
process from roadways, since its presence is first noted after the spring
thaw,

2) Significant (not minor or rare) white rusting deterioration on gal-
vanized guardrail does not occur every winter. '

3) When itdoes occur, it does so preferentially on new guardrail dur-
ing its first winter of service. It is spotty; generally less than 15 percent
of the total footage is affected on any project. ‘

4) It is not confined to, but more apt to occur on, lower sections of
guardrail; and on the faces (Fig. 4). It is more apt to occur in certain lo-
cations, e.g., under the outside edges of a grade separation, on ramps, on
the west side of a north-south roadway (Fig. 5), and the south side of an
east-west roadway. '

8) White rust product (2 mixture of zinc hydrates and carbonate, with
a trace of chloride) sloughs off during additional weathering and may, if
attack is not severe, givelittle visual evidence of its original presence with-
in a few years. Unquestionably, the weathering away loss of galvanized
coating had been accelerated during the interim. Brown rusted areas do
enlarge slowly (Fig. 6).

Besides the general white rusting {ype of attack described above, we
have noted a rarer type which we dubbed "sparse freckle," consisting of
several attack spots (generally less than 3 in, diameter) on a single rail;
generally confined to one, two, or three adjoining rails. We have asecribed
this type of attack to impingement and temporary retention of salt crystals
and/or salt-slush mixture during a roadway de-icing and snowplowing op-
eration, Though the attack may be severe in the affected spots, it is not _
extensive in area.

Reviewingthe five characteristics of white rusting ongalvanized guard-
rail listed above, we have not deduced the exact causative mechanism for
this occasional and spotty occurrence. We do know that something about
the snowplowing operation canaffect it, as explained below. The I 96 road-
way, referred to previously, passes through three counties: Kent, Ottawa,
and Muskegon., During the winter of 1961-62, each had a contract with the.
Department for snowplowing within its boundaries. The bad attack of white




Figure 4. Backs of end-shoes shown
in Figure 3. White rusting is non-
existent or very light as compared to
faces (March 1962).

Figure 5. Galvanized guardrail shows
white and brown rusting when photo-
graphed after about 7 years of service.
Left rail is unaffected showing spotty
variability of attack. Abutting rails on
right (not shown) were affected. Rails
are on on-ramp to US 27 near Ithaca;
on the west side of a north-south road-
way (July 1967).

<

Figure 6. Same as Figure 5,
after 12 years of service,
showing that additional loss of
galvanizing is not rapid. Dark
rectangle near guardrail post
carries study identification
number (June 1972).




rusting noted in the spring of 1962 on I 96 was present in Kent and Muske-
gon Counties, but almost non-existent in central Ottawa County*. The a-
mounts of snowfall received during the winter (Table 1) do not correlate
with the results.

TABLE 1
AVERAGE SNOWFALL (in. ) RECEIVED

Year Kent Ottawa Muskegon
1959-60 76.1 91.6 94.4
1960~61 52.5 59.8 67.3
1961-62 69.4 88.5 105.8
1962-63 72.2 103.6 119.0
1963-64 53.7 88.9 101.3

Reviewing the above, if difference in the amounts of winter snowfall
were a contributing factor, then the following winter of 1962-63 should have
been worse for white rusting. Yet there were no complaints from that area
in the spring of 1963. '

This is confirmed ona statewide basis since Michigan has a large vari-
ability in amounts of yearly snowfall, Our southeastern counties average
about 20 in. per year, while our northwestern counties average 100 to 200
in. per year; yetthe white rusting has not been confined tothe highest snow-
fall counties but has been fairly widespread, though we've had nobad attacks
reported from the southeastern counties.

Simulated White Rust Environment

One of the objectives of this study was to determine the causes of white
rusting onfield installations of guardrail and usethis information for build-
ing a simulating chamber in the laboratory where corrective measures for
this deterioration could be tested and developed.

Coating technologists know that white rust on galvanizing can easily be
produced in the laboratory by exposure in a salt spray cabinet operated at
room temperature, or a humidity cabinet operated at above room tempera-
ture; and less readily in accelerated weathering equipment (Weatherometer)
operated with the water-spray cycle at about 145 F.

* Part of the reason may bethat some of the guardrail in Ottawa County had
been installed before 1961.




Though realizing the above, a coatings technologist knows he cannot
use any of the above equipment in laboratory screening tests to determine
the relative field performance of paints on steel vs. galvanizing, particu-
larly regarding coatings fora service exposure suchas bridge steel, where
white rusting of galvanizing would be uncommen. Accordingly, we felt we
could not use any of the above standard pieces of laboratory equipment be-
cause they did not duplicate service exposure. Since we never did deter-
mine the exact service environment causing the white rusting on installed
galvanized guardrail, a simulating laboratory test chamber could not be
built, Therefore, we would have to use field sites for evaluating merits of
potential corrective treatments.

Corrective Measures

We mentioned earlier that the worst incidents of white rusting on gal-
vanized guardrail, which the laboratory has been able to check, have occur-
red on new installations during the first winter of service; a probable ex~
planation is as follows.

Observing galvanizing after it's put into road service, one notices that
the initial glossy surface slowly dulls during weathering. Literature ex-
plains that the surface is "converted" to zinc corrosion products that are
normally protective. Our experience confirms the latter, showing that this
natural conversion coating confers much immunity to galvanizing against
future attacks of white rusting. Since the full conversion may take about a
year to form in the Michigan environment, galvanized guardrail installed
any time during the construction season in Michigan would not have developed
the immunity before exposure to the following winter'’s snows.

From the aforementioned, the natural suggestions for qorrecﬁves of
the white rusting phenomenon are, 1) topcoats to serve as barriers; 2)
chemical conversion of the galvanized surfaces; and, 3)substitute materials.

1) Topcoats - When the Department first made sizeable installations
of galvanized guardrail in 1957, we had no data on the probable service life
of galvanizing for this purpose. The Laboratory was aware that some users
of galvanizing optedto use it as the primer of a coating system rather than
as atotalsystem. For information purposes, weaccordingly removed some
of the new railings and topcoated them with two-coat paint systems. The
paint primers were selected for use on galvanizing (one, incidentally, was

an epoxy-esteryellow traffic paint then being purchased by the Department)

while the final coat was an aluminum paint to blend with the appearance of
the galvanizing. The Laboratory topcoated galvanized railings were then
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re-installed on the M 78 project, east of Lansing. Since then, there have
been minor differences in the performance of the paint topcoats (and some
rails have been replaced because of collision damage) but, generally, all
remaining have significantly increased the life of the galvanizing, perhaps
have almost doubled it (Fig. 7).

Despite these findings, the Laboratory has not tried to convince the
Department to topcoat all new galvanized guardrail, since we felt that the
Department adopted the galvanizing of guardrail to avoid having to paint it,
and would not be receptive to reinstituting the painting. Moreover, con-
sidering other factors such as expense of added painting and the short life
of some due to collision damage, other more suitable and economical solu-
tions to optimize the service life of the galvanizing would be available. (For
information, starting in 1973 the Department specified the low alloy unpaint-
ed steel for most of our metal guardrail.)

After the white rusting attack on galvanizing of guardrail on I 96 men-
tioned earlier, the Department, in 1963, instituted project 63 NM-90 to
evaluate the merits of a fairly heavy, composite asphalt-aggregate, shingle-
type, coating ontwo corroded areas of guardrail on I 96. Other states were
also evaluating the coating. Field applications of the coating on the instal-
led guardrail consisted of; cleaning, spray application of the bituminous
binde r, and modified sandblast blowing-inof the gray aggregates. The coat-
ing proved much more susceptible to scraping damage from traffic and
snowplows thanthe galvanized coating, though inother respects it was per-
forming satisfactorily during four years of service when the project was
terminated (Fig. 8).

Subsequently, our thoughts turned to evaluation of a low cost, thin,
fugitive-type coating on guardrail that would primarily protect the galvani-
zing from white rusting during the first winter of service, before it was
able to develop its own conversion protective coating during weathering.
The coating should be capable of spray application on the newly installed
gnardrail, preferablyby a self-contained spray rig that could be moved
along the installation. The coating would have to adhereto new galvanizing,
preferably without a prior special cleaning and/or degreasing operation.

Since the Laboratory was evaluating petrolatumbase rustproofing com-
pounds, as covered by SSPC-PS 8.01 specification, for speciality uses, it
was decided to extend the evaluation as an anti-white rust coating for gal-
vanized guardrail. Incidentally, this type compound is currently finding
extensive use as an auto underbody rustproofing coating.

Accordingly, we obtained the following two such compounds for field
test, plus a clear acrylic lacquer as an extra:

~11-



*(L96T ounp) ISMWIM Z9-T96T
JO oBPe SuIisni 9JIyM Jo J0OII0 sMOTS [[I3S “3I9] 3e BulfTel
poleodUN JO BOJIEB MOUYS °O2TAI9S JO SIBOA | Juranp smold
-MOUS IO /pue 013381} Aq [1BIPIENS JO SOSPLL WOIJ POACUIST
s1 Surjeos ojeSoa33e-jreydse 9jrsodwrod 1891 *g aInsrdg

*(gL6T ISNSnY) OSBWEp UOISI[[00 P[IW SMOYS JUSp T1eY
*I @and1d ur se ‘sdo} Suole $SO] SUIZIUBATBS MOYS ‘polBoo
jou °SIIBI punoa3NOorg SWOISAS JUDISYIP JO SNUIWIS]
oﬁﬂ@:ﬂnvgﬁwomzﬁﬁaﬁwopmoomo@mﬁsﬂﬁquopwopo,m

*AG6T UT 84 TN UO PO[[BISUL [TeIpIend pozluealed °) oInsld

-12=



a) Tectyl 127 C UV - an aluminum pigmented petrolatum base coating
of about 55 percent solids.

b} Kencote 60 - a petrolatumbase coating of about 51 percent solids to
which was added 1~1/4 Ib/gal of chromated aluminum pigment paste.

c) Tectyl 151 ~ a clearacrylic baselacquer of about 20 percent solids.

These topcoats were spray applied on installed galvanized guardrail on
new congtruction not yet opened to traffic on:

a} 3,660 lin ft on US 131 north of Grand Rapids (October 22, 1968)
using eight test areas, and adjoining areas as uncoated controls (Fig. 9).

b} 3,790 lin ft on I 496 inwest Lansing (November 5 through 12, 1569)
using nine test areas, and adjoining areas as uncoated controls (Fig. 10).

¢) 3,150 lin ft on 1496 and US 127 in southeast Lansing (November 25
toDecemberl, 1970) using nine coated areas,and adjoining areas as uncoated
controls.

The test ‘guardrail areas topcoated were selected to be locations most
liable to show white rusting as discussed earlier. Regarding the applica-
tion, we found the two petrolatum base coatings quite viscous and coherent
and difficult fo atomize with ourairless spray equipment duringthe cool fall
weather when applied. Incidentally, it is quite standard for roadway pro-
jects tobe completed with installation of guardrailtowards the end of a2 con-
struction seasonto be followed by a late year official opening. The acrylic
lacquer, however, sprayed nicely; but being transparent, it was difficult to
control and to assure proper thickness of application.

How well the above test coatings protected the new galvanizing against
white rusting was not determined from the field tests, since unfortunately
the exposures were made in areas during the wrong two winters, as per
previous observations that deteriorating attacks ongalvanized guardrail did
not occurevery winter (as presented earlier). As it happened, the environ-
mental conditions responsible for this problem did not develop, as evidenced
by lack of significant white rusting on the un-topcoated control area guard-
rail,

However, in the1970-71 winter exposures, it was noted that in several

separate localized areas the snow apparently encased the lower section of
the guardrail during part of the winter and somehow was able to partially
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'Syro’ pregalvanized rails with long
edges galvanized. '

Uncoated control guardrail areas are
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Coatings applied on November 5-12,
1969 at generally below 50 F.

Location of test overcoated galvanized guardrail on I 496,




strip or remove the petrolatum base coating in spots along the snow line
and in addition leave a light etch of white rusting on the topcoat-stripped
galvanizing. Similar etching of the galvanizing was noted on adjoining un-
coated control area guardrail, A similar partial stripping or removal of
another petrolatum base coating off the lowest areas of an ungalvanized steel
bridge railing was noted on coating tests being conducted by a county in west-
ern Michigan,

Regarding the weatherability of the two aluminum pigmented petrolatum
based coatings, it was noted that they (test application thickness estimated
at 1 mil, minus) wereapt todarken and show a blotchy appearance, the lat-
ter due apparently to differences in thickness. This was more apparenton
exposures facing north (Fig. 11). Complete weathering away of the coatings
will take two to five years; and one tothree years for the tested clear acry-
lic coating, whose test application thickness was estimated at 0.4 mils,
minus.

2) Chemical Conversion of the Galvanized Surface - Since the natural

conversion of the surface of agalvanized coating during outdoor service ex-
posuredevelops a protective "oxide ' coating against subsequent white rust-
ing, reviewing the possibility of a forced conversion was indicated.

Figure 11, Aluminum pigmented petrolatum-base coating darkens
and shows blotchiness as it weathers away, facing north. Partial
rail, on right, is untopcoated galvanizing used for comparison;
neither shows white rusting., Service exposure was minus two
years in August 1972.
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In doing this, we found that ASTM specification B 201-55T regarding,
""Chromate Finishes on Electrodeposited Zincand Hot-Dipped Galvanizing, "
covered one such chemical conversion. It noted, "The primary purpose of
chromate finishes on zinc is to retard or prevent the formation of white
corrosion products, such as basic zinc carbonate, on exposure to stagnant
water or to atmospheres containing moisture or salt water. " The specifi-
cation covers evaluating the efficacy of the chromate coating by continuous
exposure to the salt-spray test for agreed upon periods of time.

Accordingly, the Laboratory did chromate some galvanized specimens
to varying weights or thicknesses and found that a fairly heavy chromate
coating (distinct orange color) did withstand more than 100 hours of salt
spray exposure and two months of stacking inthe presence of moisture with-
out noticeable white rusting, The thinner and lighter colored coatings had
progressively lower resistance. Aninteresting proprietary chromate treat-
ment called "Hinac, " that required a shortbaking at 400 Fand couldbe fur-
nished in a clear or colored finish, also did well in laboratory tests in re-
tarding white rusting.

None of the chromated galvanizing was field evaluated on guardrail
installations, however, for three reasons: 1) though the treatment is con-
sidered low cost, this is only true if the galvanizer has such facilities; 2)
we found no ready galvanizer or commercial chromatorto furnish the finish;
and, 3) we had no assurance of being able to place the treated guardrail
where they would be exposed to white rusting that first winter (this in ac-
cordance with experience that white rustattacks occur during some winters
and even then on only some of the total guardrail footage).

3) Substitute Materials - Many alternates have been suggested as im-
provements for the galvanized guardrail. The Department has, or is eva-
luating the following.

a) Aluminum Guardrail. We are evaluating the performance of alumi-
num guardrail on two projects. The first was installed in 1959 on structure
X01 of 33034 onUS 27 in North Lansing. The guardrailhas performed well,
except for the lap joints which within 10 years showed a most aggressive
type of corrosion where fastened to the painted steel support posts. We
judged this to be mostly a bi-metallic corrosion accelerated hy chloride de-
icers. This corrosion could be minimized had galvanized or wood posts
been used. The second was installed on I 296 (US 131) in Grand Rapids in
1962; a bigger installation, about a mile long. At the 1969 inspection, it
showed almost none of the lap joint deterioration, though the same painted
steel posts were used as in Lansing. The reason for this difference in be-
havior is not known, though use of a different aluminum alloy is suspected.
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Figure 12, Aluminum guardrail in median
of T 296 in Grand Rapids shows expansion |
and bulging inthe heat of summer, break-
ing fastening bolt on post (September

1969).
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Figure 13. Testunpainted alloy
steel guardrail on southbound
I 75 north of Pontiac flanked by
galvanized rails with four in
center being damage replace-
ments. Daytime appearance
after 6 years of service (June
1969).

Figure 14. Nighttime appear-
ance of mixed guardrail on I 96
at M 99. End-shoe and curved
section (left) aregalvanized, 10
straight rails (right) with re-
flective washers are low-alloy
corrosion resistant steel. Cur-
ved galvanized section shows
two ovate areas on ridges (''Stor-
age Stains'' during face down
nesting) (July 1965).



A disadvantage of aluminum guardrail is the high thermal coefficient of ex-
pansion which causes some strains in the rail (Fig. 12). The guardrail at
the former site has mostly been replaced, though it continues in test ex-
posure at the laiter site.

b) Aluminum-Coated Steel Guardrail. The Department is evaluating
46 lengths at three locations, installed in 1970, with fest rails replacing the
originals on three roadways. Two sets of 13 lengths were installed at the
John Lodge ~ I 94 interchange in Detroit, 10 lengths on the US 127 crossing
of M 143 in Lansing, and 10 lengths on M 43 east of I 96 in west Lansing.
A few newly galvanized rails were installed in the area for comparison,
The longitudinal edges of the aluminized rails were raw at the cut. Elco~
meter thickness readings showed measurement of about 2 mils and about 4
mils for the comparison galvanizing; longitudinal edges coated. Both types
of test guardrail were supplied by the same producer. '

A recent inspection showed aluminizing tobe a slightly darker gray and
less apt to protectthe cut edges by cathodic action than the galvanizing. A
close inspection shows a light brown freckle on the aluminizing; a similar
occurrence was noted when evaluating aluminizing on chain-link fencing
some years ago, which did not intensify and perhaps diminished with length
of exposure. In the latter case, the aluminizing is outlasting the galvani-
zing, but that is a function of comparative thicknesses. As of today, the
guaidrail exposures are too recent to give data estimates on ultimate ser-
vice life.

¢) Unpainted Tow-Alloy Steel Guardrail (Current Desig. ASTM A606,
Type 4). We hegan evaluating their performance in 1963 on two projects
using small footages. The first was installed on I 96 in south Lansing using
10 lengths at the M 99 crossing and six at the US 27 (M 78) crossing. The
second was installed later in 1963 on I 75 in north Pontiac using 20 lengths
each, on opposite shoulders north of the US 10 crossing,

At a 1969 inspection, the guardrail had a good appearance due to the
development of a uniform coating of protective oxide, although at an earlier
inspection twolocations showed blotchiness apparently due to salt splashes.
The lap joints showed no accelerated corrosion. Regarding the durability
of the corrosion resistant guardrail, in early 1970 the Department did re-
move a rail from the original installation for test purposes. The rail was
in service exposure forseven years. Specimens showed a tensile stress of
102,000 psi, still well above our 80,000 psi minimum limit. The thickness
measurements were still within the tolerance for 12-gage steel. We could
not determine the thickness loss, not noticeable visually, since we did not
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railing used on Michigan system
after mid-1930's. Bridge is on
M 46 west of Saginaw built in 1954.
Note use of cable guardrail abut-
ting bridge on right.

, : |
Figure 15. General view of bridge } : 1‘

Figure 16. Close-up of |
‘above bridge railing, sup- |
ported by concrete posts.
Junction of elements on top
and bottom rails (A) was a
point of coating weakness
(see Fig. 17).

SPOT
WELDS

Figure 17. Top and bot-
tom bridge rails are com~-
posed of 3 channels spot-
welded together. Conden-
sation generally on un-
painted inner ledges (B)
sometimes seeped through
and undercut coating.
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have the original thickness measurement. If weestimate a1/2 mil loss per
side per year (one-half that of standard steel) the 12-gage rails will lose
about one-fourth of their thickness in 25 years. -

Regarding their daytime delineation, inspection personnel rated them
as being perhaps more neutral, i.e., providing less striking contrast than
the galvanized rail, However, the daytime delineation was rated as satis-
factory (Fig. 13). The nighttime delincation was expectantly poorer than
that ofthe galvanized guardrail, though it was significantly improved by us-
ing reflective washers, which, incidentally, are also being applied to many
galvanized installations (Fig. 14).

On the basis of the above performance, the Department installed about
1.2 miles of the guardrail inthe median of US 23 north of Ann Arbor at two
locations in the spring of 1970, Satisfied with its early performance, the
Department is currently specifying more of the low-alloy sieel for guard-
rail installations.,

d) Concrete Median Barrier., The Department began evaluating this
type of guardrail in mid-1965 along about a half-mile of I 94 at the DeQuin-
dre crossing in Detroit as replacement rail. Since then, significant mile-
age has been installed at various locations as replacement and as new guard~
rail.” This type of guardrail was not part of this study, but is noted here
for information purposes.

Additional Notes

For some economic and random, though applicable, notes on guardrail
see Appendix A,

BRIDGE RAILINGS

These railings, like the supporting bridge structures on the Michigan
highway system, have evolved through several designs utilizing different
materials, including wood. However, in the early 1930's the Department
began standardizing on a steel balustrade-type railing supported by either
concrete or steel posts; subsequently the steel post alternate was dropped.
The steel railing was composed oftop and bottom rails, plus box-type balu-
sters (Figs. 15 and 16). The topand bottom rails were actually a composite
of three structural steel channel sections, tack-welded together to form
the top and sides (Fig. 17).
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The railing was aesthetically pleasing, formeda reasonably strong bar-
rier, but was difficult and costly to paint and to maintenance repaint. On
new construction the specified paint system was the same for the railings
as for the bridge steel girders.

The service life of the paint system varied considerably, and with in-
creasing mileage of the bridge railings the frequency of the required re-
painting began presenting a maintenance problem., The Maintenance Divi-
sion of the Department issued a summary of some applicable studies in
19632, - |

Appropriate excerpts from the report follow:

"Approximately 53 miles of this type railing are currently being
utilized. Speaking generally, the steel railings called for repaint-
ing every three years, after breakdown of the initial paint system.
They were not necessarily painted every three years, but this was
the cycle which experience indicated as most desirable.

Sandblast cleaning was impractical, considering the openwork de-
sign of the railings. Therefore, the steel was cleaned with power-
operated and hand brushes and scrapers. Spot priming, and even
complete repriming with a top quality red lead primer, was followed
by a surface coat of aluminum paint.

Prior to World War II the total cost for repainting these railings
was about $1 per linear foot. After the war, as wages and material
costs rose sharply, maintenance costs for bridge rail repainting
began to run as high as $3 and $4 per foot. One pilot job of railing
painting performedin October 1962, primarily for reporting in this
paper, and typical in respect to condition of protective coatings,
cost $4.45 per linear foot. Some 80 percent of the total cost, of
course, was in the cleaning and preparation of the surface before
painting.

In 1956 one section of bridge rail was cleaned and hot-dip galvani-
zed to study its corrosion endurance as compared to that of paint-
ing. After two years of exposure no deterioration was visible, al-
though paint of similar age would have begun to show considerable
signs of failure. Accordingly, the rails of the entire bridge were

?S. M. cardone, "Galvanizing Reduces Bridge Rail and Guardrail Mainte-
nance in Michigan, ' HRB Record No. 11, pp. 62-65.
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galvanized. A steel fabricator, under contract, removed the rail-
ings, trucked themto a hot-dip galvanizer where they were cleaned
and galvanized to a 5-mil or 3-oz specification, returned them to
the bridge, and reinstalled them. The contractoralso erected tem-
porary pipe rails as a safety precaution while the permanent railings
were being galvanized.

The cost ($8.50 per ft) was not economical, but analysis of the
operation showed many steps which could be taken to lower the costs
approximately one-half, as discussed later.

This bridge was inspected periodically during three years to pro-
vide performance data (actually 5 years of exposure in the case of
the single section of railing that had been galvanized in 1956). Ob~
servations throughout this period, when paint would have failed,
gave convincing evidence that galvanizing offered excellent service
life. No surface deterioration was observed during this peried.
Consequently, in 1961 galvanization of bridge railings was adopted
as a basic maintenance program throughout the State.

Current costs come to $2.25 per foot for the stripping and galvani-
zing with approximately $3. 00 afoot tobe added for the operation of
removal, trucking, return, and re-erection. Regular highway de-
partment crews andtrucks are used for this work. Temporary rail-
ings are erected during the work. The work is done largely in the
colder months of the yearwhen structure maintenance is at a mini-
mum and personnel are most readily available, "

Concurrently with above, and prior to the 1961 adoption of galvanizing
as a maintenance recoating procedure for the railings, the Laboratory did
cooperate in field exposures evaluating the merits of a variety of coatings,
as follows,

Metallizing

One railing on bridge X01 of 19021 (1936) in west Lansing was coated
with aluminum in 1955, but inadvertently it was topcoated in 1956 when all
the railings (except the one that was galvanized, as noted above) were main-
tenance repainted. Consequently, exposure data were sketchy. IHowever,
all railings covering about4001lin ft, were metallized with aluminum in 1956
on grade separation 810 of 63022 over I 96 west of Detroit, in new construc-
tion. These did not perform commensurate with their cost primarily due
to progressive yellowing and breakdown of the organic sealer used in the
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process, to porosity of the coating, pinhole failures, and to the inability of
the coatingto stopundercoat leakage at the longitudinal seams of the top and
bottom rails (Fig. 17). After about eight years of service exposure the
coating was rated unsatisfactory and the railings were maintenance galvani-
zed.

Paint Coatings

The Department evaluated a number of paint systems and cleaning and
application procedures on bridge railings in service exposure. Though the
tests were generally conducted on existing structures whose railings needed
repainting, the results could apply to construction painting or maintenance
repainting. The evaluated systems were as follows:

1) A gray, lead-suboxide based paint (allegedly used for protecting
many power transmission towers) was brush applied as a spoi primer and
a complete finish coat in 1957 on railings of B01 of 58071 (1934) on US 25
north ofthe Ohioborder. The structure was overa creekand had four rail-
ing sections per side. This was a standard maintenance repainting job
where the areas of failure on the previous paint system were hand cleaned
and wire brushed before application of spot primer. The proprietary gray
paint was substituted for the Department's standard red lead primer and
aluminum topcoat combination to check its possible superiority.

2) Anamine cured epoxy resin coating system was hot-spray applied
in 1957 on a short structure (four railings per side), B0l of 63111 (1936)
carrying M 24 over the Clinton River east of Pontiac. The railings were
removed, sandblast cleaned on the shoulder of the road, and reinstalled
before painting.

3) Several paints including an epoxy, a fish oil-iron oxide combina-
tion, a zinc chromate primer and the Department's standard were applied
on a 650-ft structure, XO01 of 38101 (1949) carrying T 94 over the Grand
River and the NYCRR north of Jackson in 1958, This structure received
fire damage from an accident involving a gasoline carrier, and the paints
on some railings were charred. These were removed, caustic stripped
and wire brushed, spray painted and baked at facilities of the nearby State
Prison. The other railings were painted in place using the standard main-
tenance procedure with air-dry paints.

4) A silicone ~ alkyd aluminum topcoat was substituted in 1959 on the
median railings of US 10 over Culver drain, BO1 of 09101, east of Midland.
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The bridge was three railings long, and two wide in the median. The out-
side shoulder railings receivedthe standard aluminum topcoat for compari-
son purposes, on this new construction,

5) Beveral paints were evaluated in the last of this series after a De-
partment meeting of February 29, 1960. The tests included automotive type
systems which could be sprayed on and baked as at auto assembly plants.
Hopefully, the tests would lead to alonger coating service life and also year
around work for maintenance painting crews. The selected bridge, X01 of
33032 (1952), carried Lansing's Cedar St over the Red Cedar River and RR
tracks and was about 950 ft long. The painted railings were eight years old
and in need of repainting. Beginning in March 1960 they were removed by
maintenance forces, trucked to the Sign Shop facility, sandblasted to vary-
ing degrees of cleanliness, and spray painted, If designed for baking, the
coatings were baked. The painted railings were reinstalled on the bridge.
Most coating systems gave us the desired 4-mil thickness. The primers
contained pigments such as iron oxide, red lead, basic lead silico chromate,
zine chromate, and metallic zinc. A variety of primer vehicles was used.

The performance of the fest paint coatings varied with some showing
minor spot failures espegially at the longitudinal junctures in the top and
bottom rails within six months after exposure (Fig. 17). Others, like the
zinc-rich primed railings showed some spot delamination of the topcoats.
The failures increased normally with time of exposure, but the worst over-
sight of the tests was to neglect maintenance repainting of the supporting
steel posts, along with the railings. This proved to be an irking, aesthetic
imbalance.

In 1962, affer two years of exposure, the Maintenance Division con-
cluded the tests e¢ven though the coatings had not reached a terminal stage,
and had the railings and posts maintenance galvanized. This followed the
1961 decisionto stop maintenance painting of bridge railings and have them
galvanized instead.

New Construction

As stated above, a single section of railing was maintenance galvanized
in 1956 on a west Lansing bridge. Its excellent performance over the first
two years led toextending the evaluation by maintenance galvanizing the re-
maining 33 sections in 1958, As it turned out that was a most prudent deci-
sion, since the railings on the west Lansing bridge galvanized in 1958 now
only show minor, incipient spot rusting {failure) after 15 years of service.
A 20to 25 year maintenance-free service life can now be projected for them.
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1) Galvanizing - Noting and enthused over the performance of the sin-
gle galvanized railing section, the Department in 1958 requested that three
bridges in Detroit overI 94 havethe railing construction galvanized. These
were 511, S16, and X02 of 82024 (1958) inthe vicinity of the Packard Motor
Company.

The following year, seven more bridges over I 94 in Detroit had their
railings construction galvanized. These were east of the above. They were
P13, P14, P15, P16, P17, and S18, S19 of 82024 (1959). Another bridge,
BO1 of 73021 in Saginaw County, was also included in this group.

To our knowledge, these were the first bridge railings to be construc-
tion galvanized on ourhighway system. Since we then had no specific speci-
fication covering the galvanizing of bridge railings, they must have been
coated onthe onethen current for beam guardrail, i.e., they couldbe paint-
ed, or galvanized to apick-up of 2-1/4 oz of zinc/sq ft of railing. Regard-
ing their performance, see Appendix B. In early 1959, the Department is-
sued a specification requiring the construction galvanizing of steel bridge
railings of the design shown in Figures 15 and 16, with a pick-up of 2.0 oz
of zinc/sq ft of surface. That specification covered a significant percentage
of bridge railings on new.construction for several more years.

2) Aluminum Alloy - Aluminum railing, identical to design shown in
Figures 15 and 16, but utilizing a one-piece extrusion for the top and bottom
rails, was testinstalled ona newbridge, BOl of 41043 over the Grand River
east of Grand Rapids in 1957. The bridge was about 480 ft long and utilized
concrete support posts for the railings. After the initial performance of
the railing was judged satisfactory, the Department formalized a standard
specification coveringthe railing, which was utilized on some new construc-
tion for several more years,

3) All Aluminum - Inabout 1960, the Department beganevaluating this
type railing consisting of several longitudinal tubes, supported by cast-
aluminum posts (Figs. 18 and 19). Comparatively, it was a lower cost
railing which was specified on some new construction for about two years.

4) Concrete Parapet - In about 1962, the Department began evaluating
a concrete parapet railing, providing greater barrier protection than 3),
above. There have been some minor modifications in the design of the rail-
ing, with one of the first, on the widening of X01 of 82024 (1962) on I 94 in
Detroit, being capped with a single rectangular tube of painted steel. The
later modification shown in Figure 20 s pecifies a single aluminum or gal-
vanized steel tube supported by similar metal posts, except in locations
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where sight distance is impaired thereby. This railing has been used on
the majority of bridges constructed by the Department in the past 10 years.

5) Concrete Barrier Railing - Inabout 1969 the Department began eva-
luating this type asa bridge railing (Fig. 21). It may be capped with a sin-
gle aluminum or galvanized steel tube rail, as shown inthe picture. The
railing is being specified increasingly on new construction,

The above chronological review of bridge railings in use on the Michi-
gan highway system shows that the trend was towards designs requiring less
coatings maintenance., This trend was inaccordance with the Department's
Research Project49 G-50, mentioned earlier, but was given added impetus
by the memorandum of October 21, 1958 from the Deputy Commissioner-
Engineering directing the Department to concentrate efforts towards this
goal,

Accordingly when subject project began in 1964, the Laboratory was
cooperating with other Divisions in evaluating the performance of bridge
railings then in field exposure. A most pressing assignment dealt with the
white rusting problem on.galvanizing which surfaced in the spring 1962 on
some beam guardrail installations.

However, despite the significant mileage3 of galvanized bridge railings
of thetype shownin Figures 15 and 16 whichwas inservice during the period
of subject project, no deteriorating attack of white rusting on bridge rail-
ings has been reported to us, nor have we noticed any. This has remained
a puzzle, since the winter environment at least on the bottom areas is con-
sidered tougher (i.e., more de-icing salt is apt to be found in the snow
build-up) than in that surrounding the beam guardrail. As an exception, in
1972 we did note a light white rusting on galvanized bridge railings on a
stairway alongside and leading below B0l of 49023 to a scenic park at the
outlet of Cut River on Lake Michigan (Fig. 22). Since the stairway is not
subject to winter snow removal, this guardrail would be encased in snow
throughout the winter and later into spring than that on the bridge. And we
know that snow encasementis one of the requisites for white rusting of gal-
vanizing since it does not occur in Michigan on highway appurtenances, ex-
cept in the winter and spring-thaw period.

* About 53 miles, much of which was galvanized.
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BRIDGE STRUCTURAL STEEL (GIRDERS)

The Department had about 2,800 bridges and grade separations on the
Michigan highway system in July 1964, when this project was started. The
approximate percentage breakdown as to type; grade separation, water,
railroad, pedestrian, is: 47, 38, 11, 4, respectively. About 800 of these
bridges had concrete structural members, while 2,000 utilized steel gir-
ders. Estimating an average of 120 tons of steel per bridge in the latter
group and 175 sq ft of surface per ton, one gets 42 x 106 sq ft of total sur-
face area of bridge girder steel that had to be protected from corrosion.

Incidentally, this value is the same order of magnitude as the surface
area of our estimated1,500* miles of steel beam guardrail, 1500 x 5280 x
3=24x106, The problems of coating the steel beam guardrail and the
bridge girders have similarities; and differences. Regarding the latter,
advantageously and economically the guardrails can be removed, cleaned,
stripped, galvanized and re-installed -- while the bridge girders cannot.

Construction Painting

Customarily, bridge steel girders have been painted to reduce corro-
sion, thereby assuring their functionality, and secondarily for aesthetic or
appearance reasons.

In 1964, the Department specified that bridge girders be hand cleaned
and primed with a red lead-linseed oil paint at the fabricating plant. After
bridge constructionwas completed the girders received a touch-up coat over
the mars, followed by an intermediate coat of the red lead paint, tinted
brown, then topcoated with an aluminum paint. The three paints yielded a
system having a dry film-thickness of about 4 mils. The service life of the
paint system was quite variable, but if we estimate an average life of 10
years, the Department would have had to maintenance repaint (2,000/10),
or 200 bridges per year. That is more bridges than the Department can
manage to paint.

As mentioned earlier, the Departmentinitiated project 49 G-50 in 1949
for the specific purpose of developing more durable paint systems, and one
of the objectives was to reduce the annual bridge maintenance repainting
work load. In retrospect, as the number of bridges on our highway system
began increasing significantly, this was given additional emphasis in the

4 Appendix A,
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October 1958 directive from the Deputy Commissioner-Engineering. Ac-
cordingly, the Laboratory was delegated to conduct laboratory screening
tests on a variety of available coatings and to recommend the best perfor-
mevrs foradditional in-servicetests onbridge girdersteel®. Thiswas done
on the following bridges, listed chronologically:

M 78 bridges, east of Lansing - On the basis of screening tests and
literature surveys, we did recommend a variety of coatings for field evalu-
ation on two bridges being constructed in 1960 on M 78. The first was a
four-span grade separation, S07 of 76023, carrying M 71 over four-lane
divided M 78. For test purposes, the bridge was divided on the longitudi-
nal centerline to give two test systems per span for a total of eight, This
included hot-dip galvanizing with zinc pick-up of 2, 0 oz/sq ft of surface and
seven paint systems having a minimum dry film thickness of 5 mils. All
paint systems were finish painted withthe standard No. 5B aluminum paint.

System 1: the standard Departmental system, on hand cleaned steel,
beefed-upto 5 mils thickness by an additional coat of aluminum paint. This
was the control system.

System 2: identicalto System 1, except for being applied on blast cleaned
steel, vinyl-wash primed.

System 3: a zinc chromate primer on blastcleaned steel, vinyl-wash
primed.

System 4: a red lead-iron oxide prlmer on blastcleaned steel, vinyl-
wash primed.

System 5: a red lead-epoxy primer on blastcleaned steel, vinyl-wash
primed.

System 6:a red lead-alkyd plus phenolic wetting agent primer on blast-
cleaned steel, vinyl-wash primed.

System 7: a zinc-rich primer (one package) on blastcleaned steel.
System 8: galvanized steel without additional topcoats.
The intermediate coat of each paint system was generally a color modi-

fication of that primer. For additional details on the test systems, see
Table 2.

% Appendix C consists of one such study, Research Report No., R-696.
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The second bridge was several miles west of the above. It was a dual
structure, B02 of 76023, carrying divided M 78 over the Shiawassee River.
It was three span; with each span of a dual structure utilizing a separate
test paint system fora total of six. All systems were applied to a minimum
dry-film thickness of 5 mils on blastcleaned steel. System Nos. 1 through
4 had a supplemental coat of vinyl-wash primer before application of the
regular primers. All systems were finish coated with aluminum paint.

System 1: utilizing the Departmental specification paints, it was the
control system on this structure; identical to No. 2 above, with a color
modification of the primer as an intermediate coat.

System 2: a basic lead silico-chromate primer was used, with a color
modification of the primer as an intermediate coat.

System 3: an epoxy-ester primer was used, with a color modification
of the primer as an intermediate coat.

System 4: an epoxy-ester primer was used, with a proprietary bitu-
mastic black as an intermediate coat.

System 5: a vinyl primer was used, with a proprietary bitumastic black
as an intermediate coat.

System 6: a two-package zinc-rich primerwas used, with a vinyl-alkyd
as an intermediate coat.

The last three were three-coat systems, while the others were four-
coat (excluding the vinyl-wash primer). The blastcleaning was "commer-
cial' in accordance with SSPC specification No, 6. Additional details on
the test systems are given in Table 2, and supplemented in Figure 23.

US 127 bridges, south of Lansing - The second series of field tests on
structural steel paint systems was conducted on three bridges being con-
structed in 1965 as grade separations on existing four-lane divided US 127,
as initially presented in Research Report No. R-602. Three paint systems
areunder evaluation, each applied on halfa structure at two locations. The
latter is an effort to neutralizethe location variable, The girders on these
structures had rounded corners on beam-flange edges in accordance with a
new Department specification (Fig. 24).

System 1:thenew Department standard to-be, four-coat, 5-mil system
on blastcleaned steel. It was the control system.
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after application of first
field coats of Systems 2
(left span), 4 and 6 (Novem-
ber 1960).

Figure 23. BO02 of 76023 }

Figure 24. Standard rolled
beam girder has square
flange edges (A) often upset
to a chisel ledge, most dif-
ficult to coat to proper
thickness by brush., New
Department specs required
\\\ » the corners (B)to be round-
ed, by grinding as shown,

B (ROUND TO
A 3/16" 1716 B)

Figure 25, Setting shop
primed beams on Rouge
River bridge piers no. 40,
41, etc. just north of river
piers no. 38 and 39. The
biggest beams were 129-
in. high. (B0l of 82194,
November 1965.)
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System 2: a vinyl system on blastcleaned steel.

System 3: a zine~rich primer, vinyl topcoat system on blastcleaned
steel.

Additional details onthe test systems onstructures, S01 of 33031, etc.,
are given in Table 2. This shows that the painting stretched out over two
scasons, Because of rust-back of some undercoated steel during winter
service, some of these had to be removed by blastcleaning before complet-
ing the paint systems. This added another variable and complicated the
periormance study of the paint systems. The expansion joints on these
bridges were offset off the piers.

US 27 bridges, south of Grayling - The third series of field tests on
structural steel paint systems was conducted onfive bridges being construc-
ted in 1967 as grade separations over existing four-lane divided US 27.
Actually thebridges consisted of twotwin-tandem structures of three spans
cach, and one standard four-span grade separation. Fourdifferent primers
are under test exposure, including three one-package zinc-rich primers
and the Department's red lead primer asa control. The zine-rich primers
loosely conformed to MIL-P-26915A (USAT) Type 1, Class A specification,
which gave good performance in laboratory screening tests. They were
topcoated with a vinyl-alkyd paint. Three different finish coats are used
on the test structures with details given in Table 2, which shows that all the
expansion bearings and masonry plates, and some diaphragms, are hot-dip
galvanized. The expansion joints on these bridges are offset off the piers.

I 75 over Rouge River inDetroit, B0l of 82194 - This is an eight-lane,
divided structure, 8,626 ft long. It has 106 spans, with beam depths vary-
ing from3 toll ft. The structuralsteel weighs 20,000 tons. All steel was
blastcleaned toa SSPC No. 6 (commercial) specification. The painting was
divided into two contracts, with the first including application of the stan~
dard Department No. 1A(1) red-lead shop primer, field spot priming over
the mars, and the No. 2A(2) brown first field coat (Fig. 25). The second
contract covered application of the Department's No. 3A(1) gray interme-
diate and No. 5E blue-gray topcoat. It alsoincluded application of an addi-
tional "striped" coaton beam-ends under open expansion joints and outside
faces of fascia beamsusing a 1:1 mixture of the two topcoats. The painting
extended through October 1968, though the bridge was opened to traffic in
December 1967,

Colored Topcoats - Onthe basis of laboratory screening tesis, and he-
cause the Department wished to experiment by adding colors to highway
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structures as a possible deterrent to 'driver hypnogis, ' colored topcoats
were substituted for the standard neutral-colored aluminum paint. The
gpecification for the colored topcoats was based on Federal Specification
TT-E-529a, "Enamel, Alkyd, Semi-Gloss (Class A - Air Drying), " except
that the alkyd was a 23 percent phthalic anhydride type rather than the re-
quired 30 percent. The enamel was provided in any of six colors: beige,
gray-blue, gray-green, ivory, maroon, and rose. This gavea total of eight
topcoats, including the standard aluminum and the secondary standard, No.
4A, foliage green.

In 1963these were first applied on overpasses over an extension of T 94
south of Port Huron. The structures were 301 through S07 of 72111; re-
quiring the standard three-coat system on hand~cleaned steel. S04 of 50112
used the aluminum for comparison purposes. Subsequently, the colored
topcoats were applied on I 94 structures in Macomb County and the John
Lodge Freeway extension bridges north of 8-Mile Rd. Later, the colored
topcoats were applied onfreeway structures in Grand Rapids, Lansing, and
other locations; thoughthe two light colors, beige and ivory, were dropped
in 1965 as beingtoo stain-prone and were given the No, 5E MDSHT designa~
tion. In 1970, we droppedthe gray-greenand revised the remaining colored
topcoat specifications to a more rigid formula, on the basis of field experi-
ence. The dry film thickness requirement for the colored topooats was 1.2
mil vs. 1.0 mil for the standard aluminum.

Construction Painting Alternates

Only a few of these are available to take the place of standard-steel
beams. The obvious one is concrete, which the Department has utilized on
about 30 percent of its bridge structures (noted earlier) with its performance
talling outside the scope of this study. There are two other alternates, as
follows: '

1) Galvanizing of standard bridge steel had not been gpecified by road-
way authorities in the U.S. primarily because galvanizers did not have dip
tanks and accessory equipment large enough to process standard length
beams. If a few galvanizers did install such equipment, the economics of
trans porting bridge steel froma localfabricator to some distant galvanizer
and then to the construction site appeared uninviting. ~Moreover, twenty
and even tenyears ago, roadway authorities couldn't have fully grasped the
problems of maintaining our burgeoning system of structures.

Nevertheless, for evaluation purposes the Department did install; 1)
four galvanized 34 ft long beams and accessory diaphragms on a test bridge
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{coatings) in 1960, as noted earlier®, and 2) expansion bearings, masonry
plates and some diaphragms on five testbridges (coatings) in 1967 also noted
above. Their performance is noted later in this repoxt.

For added information, two counties did utilize galvanizing on bridge
structures inthe last 7 years;1) in 1966 Ottawa County did on thetwo-lane,
420-ft bridge over Stearns Bayou (a tributary of Grand River) a few miles

-southeast of Grand Haven, and 2) Newaygo County in 1971-72 did on a four-
span structure over the Muskegon River at Bridgeton.

In addition, the Department and State municipalities have used galvani-
zing extensively on truss-type pedestrian overpasses, which utilize steel
tubing as load bearing members. This is partially covered in Research Re-
port No. R~-896.

2) Unpainted, low-alloy steel conforming to ASTM A 588 requirements
(initially A 242)was first suggested forbridge beamuse inthe early 1960's.
The Department cooperated in pioneering such end-use nationally on strue-
tures carrying M 102 over the John Lodge Freeway in northwest Detroit,
which was opened totraffic about November 1964. The structures consisted
of reworking existing M 102 (8 Mile Rd) as a crossing over an extension of
the freeway. There are four structures involved, S34 of 82112, cl, c2,
3, and ¢4, utilizing 3,160 tons of low-alloy steel. The longest structure
is over 1,800 ft long; it is elevated M 102 carrying through traffic. The
shortest is 60 ft long carrying a ramp over another ramp.

The Laboratory cooperated with the steel producer, Bethlehem Steel
Corp., in exposing test panels on the bridge, and at a nearby off-road site
for reference purposes. The panels were removed to determine the weight
loss due to corrosion after one-half, one, two, and four-year's of service.
The eight-year (last) panels, will be removed in May 1974. Data obtained
to date have been reported’.

In summary, data and inspections indicate a variable weathering-away
loss of steel on the complex of structures. The greatest loss appears to be
where the test panels are exposed, over the southbound freeway, where it

& The beams had to be dipped twice, from either end, to effect complete
coating, with overlap discernible as shown in Figure 26.

7J. Q. Zoceola, A. J. Permoda, et al., "Performance of Mayari-R Weath~
ering Steel at Bridges at 8 Mile Rd at Detroit, Michigan, "' July 1971.
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shows field exposure of all specimens of 8 test coatings being
evaluated on bridge. @ is a test painted beam, much longer
than galvanized beam. Coatings completed late in 1960 (June 1972).

approaches that of standard steel at a steady rate of almost 1 mil per sur-
face per year. Road dustblown-up bythe heavy traffic settles on the over-
pass beams, having comparatively low clearance, and is not blown-off by
the prevailing westerly cross-winds because of an adjacent retaining wall.
The road dust accumulation does slough off carrying some steel scale with
it, only to reform, but its poultice-like presence appears to increase the
weight loss, compared toother areas of this bridge complex. The Depart-
ment will consider a periodic blowing-off of the accumulations after the last
test panels are removed.

Subsequently, and due partially to sharply increasing costs of mainte-
nance repainting of structures, the Department has constructed many bridges
of this steel in the Detroit area: I 75 over Fort St, S05 of 82194 in 1967; I
75 underM 102, S10 of 82252 in1969; and many others on the I 96 extension.

Maintenance Repainting

In the late 1950's the Department had to give thought to the systematic
maintenance repainting of ourburgeoning system of bridges. Prior to this,

-38-



we had used a variety of procedures. Most included spot cleaning and un-
dercoating, followed by an overall application of topcoat. In-the Detroit
area, the above maintenance repainting procedure was restricted to just
the outside face of fascia beams onsomestructures. Obviously, such piece-
meal procedures were inadequate on a system comprising several thousand
bridges. Accordingly, the Department decided to evaluate a complete re~
painting procedure in Detroit in 1962, which was subsequently followed with
some revision of specifications, as noted.

1) Two grade separation structures over I 94 on the west outskirts of
Detroit, 802 and S03 of 82023 (both built in 1949) carrying Addison and Lon-
yo St, respectively, were selected for the 1962 tests. The maintenance re-
painting was done by Wayne County Road Commission personnel, under a
work agreement. The work consisted of hand cleaning of all the painted
steel, followed by application of the Standard No. 1 red lead primer. This
was followed by application of the Standard No. 2 red lead paint, tinted
brown, and two coats of No. 5B aluminum paint to give a four-coat system
with a dry-film thickness of 5+ mil.

2) In 1963, the tests in Detroit were extended to six grade separations,
over I 94, just east of the above. They werebuilt in1950 and were designa-
ted S04 through S09 of 82023 carrying Central, Cecil, Martin, Livernois,
Wesson, and Junction St, respectively. All of the deck steel was I-beam,
which with accessory steelweighed about 1,430 tons. The maintenance re-
painting was awardedto the Neumann Co. contractors for an average price
of $57.75 per ton. The governing specifications were revised to require
blastcleaning to remove all rust and old paint; then followed by application
of a four-coat paint system with a dry-film thickness of 5+ mils, as noted
above.

3) The maintenance repainting of bridge steel on Detroit freeways
continued in 1964 and thereafter, as detailed in Table 3. It shows that the
cost of the contract portion of the repainting rose steadily, from $57 per
ton in 1964 to $163 perton in 1970; with part of the rise ascribed to tougher
regulations, i.e., a gradual restriction to cleaning and painting steel over
traffic lanes to less-busy nighttime hours. The table also shows that Wayne
County Road Commission stopped freeway bridge painting in 1968.

By 1965, governing specifications were altered to require substitution
of No. 2 MP brown as the second coat and No. 3A gray as the third coat,
in the initially shown paint specifications. Both used some basiclead silico~
chromate pigment in the formulas. In 1968, a colored topcoat was gubsti-
tuted for the previously specified aluminum paint.
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TABLE 3
MAINTENANCE REPAINTING OF BRIDGE STRUCTURES IN DETROIT
{1964 through 1970)

Beam

St ructure Bid
vear | Route (Conﬂtlrucition Date) Weight Topcoat Contractor Dollar/Ton
Tons
1964 I $10 of 82023 (1951) 30th 257 58 Alum Neumann
S11 of 82023 {1953) Warren 775 " "
S812 of 82023 (1953) Scotten 285 " "
813 of 82023 (1953) Gd. Blvd 811 " " 56.8
814 of 82023 (1953) " " "
JCL' S10of 82112 (1949) Milwaukee 93 " "
S02 of 82112 (1950) W. Gd. Bivd 221 "
JCL S16 of 82111 (1953} Gd. River 5B Alum WCRe
817 of 82111 (1952) Stimson " "
SIS of 82111 {1950) Forest " " unknown
519 of 82111 (1950} Warren " '
1965 194 S12 of 82024 (19565) Frontenac 164 5B Alum Geo. Bros.
513 of 82024 (1957) Van Dyke 254 "
S14 of H2024 {1955}% Burns 154 vinyl Alum "
S15 of 82024 (1957} McClelian 284 5B Alum "
S02 of 82025 (1957} Cadillac 196 " " 63.2
S03 of 82025 (1957) French Rd 162 " 4
P01 of 42025 (1958) Garland 17 " "
P05 of 82024 ({1957) Townsend 35 " " _ ‘
P0G of 82024 (1957) Seminole 39 " .
P07 of 82024 ¢1957) Rohns 25 " " :
194 522 of 82023 (1953) Ramp 5A Alum WCRC
JCL S23 of 82023 {1955) Ramp * "
X-ing 824 of 82023 (1953) SB JCL " il unknown
S27 of 82023 ({1953) NB JCL " "
529 of 82023 (1953) Ramp " "
1966 194 S15 of 82023 ¢1953) 24th 156 5B Alum Geo.
816 of B2023 (1954) Maybury 185 " Kountoupas
817 of 82023 (1954) Gd. River 609 " "
S18 of 82023 (1953) Linwood 176 " " 86.5
S19 of 82023 (1953) 14th 205 " "
S20 of B2023 (1953) 12th 133 " "
S21 of 82023 (1954} Trumbull 362 o "
P05 of 82023 (1955) Brooklyn 88 " "
JCL 503 of 82112 (1954) Pallister 5B Alum WCRC

S04 of 82112 (1954) Scward " "
$05 of 82112 (1954} Euclid " "
506 of 82112 (1954} Clairmont " " unknown
S07 of 82112 (1954) Hamilton " "
508 of 82112 (1955) Chicago " "
P02 of 82112 (1955) Pingree " "
P03 of 82112 (1955} Gladstone " "

1967 194 S01 of 82024 (1954) Second 369 5B Alum City
802 of 82024 (1954) Cass 264 " Painting
503 of 82024 (1954} Woodward 514 " Company 100
504 of 82024 (1954} John R 172 " t
8505 of 82024 (1954) Brush 264 " "
506 of 82024 (1955} Beaubien 178 " u

' John C. lodge Freeway
? WRCR = Wayne County Road Commission
3 Received 3-coat vinyl spray-on test system, different than others,
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_ TABLE 3 (Cont. )
MAINTENANCE REPAINTING OF BRIDGE STRUCTURES IN DETROIT
(1964 through 1970)

Beam

vear | Route Structure ) Bid
{Construction Date} Weight Topcoat Contractor Dollar/Ton
Tons

1967 JCL? 811 of 82131 (1958) Fort 5B Alum WCRC?
$12 of 82111 (1952) Lafayettc " "
S13 of 82111 (1953) Howard " "
S14 of 82111 (1954} Mich-Dagley " " unknown
P02 of 82111 (1954} Parter " "
P03 of 82111 (1954) Elizabeth " !

1968 I94 507 of 82024 (1956) Dubois 163 5E Blue-Gray City
808 of 82024 (1956) Chene 178 " Painting
509 of 82024 (1955) Gd. Blwd 103 " Company
510 of 82024 (1955) Mt. Elkiott 162 " "
S11 of 82024 (1858) Concord 1G5 " " 116
$16 of 82024 (1958) Harper 172 " "
POl of 82024 (1957) J. Campau 39 " "
P02 of 82024 (1957) Moran 33 " "
P04 of 82024 (1958} Helen 27 " "

JCL S09 of H2112 {1955} Calvert 5E Maroon WCRC

S10 of 82112 (1955} Webb " "
S11 of R2112 (1955} Glendale " " unknown
P04 of 82112 (1955} Monterrey " "
P05 of #2112 (1955} Highland " "

1969 194 S01 of 82025 (1954} Gratiot G435 S5E Blue-Gray Detroit Bldg.
S04 of 82025 (1958 SB Conner 156 " Maint. Co.
S05 of #2025 (1958) NB Conner 231 " "
806 of 82025 (1958) Darrett 160 " " 152
PO2 of 82025 (1858) Springficld 34 " "
P03 of 82025 {1954y Malcolm 13 "
X0l of 82025 (1958) D.T. RR 349 " "

M 153  S02 of 82081 (1940) Miller Rd 4A Green WCRC unknown

1970 JCL 517 of #2112 (1955} (xikman 291 5E Blue-Gray Corrosion
S18 of 82112 (18957) 12th 152 " Coatings
519 of 82112 (i955) Linwood 138 " fnc.
$20 of 82112 (1955) Dexter-DBelden 138 o ”
S21 of 82112 (1955) Livernois 218 " "
S22 of 82112 {1955) Greenlawn 129 " "
S23 of 82112 (1955) Wyoming 257 " " 163
P09 of 82112 (195G} Log Cabin 37 " "
P10 of A2112 (195G) Baylis 34 " "
P11 of A2112 (1955} Alden 56 " i
P12 of 82112 (1955) Muirland 32 " "
P13 of 82112 (1955) Monica 16 " "
P14 of 82112 ¢1955) Tutler .y | " "
P15 of 82112 {1955) Northlawn 52 " "
P16 of 82112 (1957) Wisconsin 51 " "

! John C. Lodge Frecway
YWRCR = Wayne County Road Commission
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Maintenance repainting of Detroit freeway structures continued after
1970, though not listed in the table. The contract bid costs actually de-
creased slightly from 1970's high, being $146 in 1971, $158 in 1972, and
$152 per ton in 1973.

Maintenance Repainting (Out-State)

Experimentation with the repainting of bridges, out of the Detroit area,
was also conducted. The notable ones are listed.

1) BO1 of 49023 (1948) carrying US 2 over the Cut River was painted
in 1962-64 by a succession of three contractors, with Neumann Co. finish~
ing. The bridge is a somewhat unusual structure and a tourist attraction
with the scenic park below overlooking Iake Michigan (Fig. 22). The two
end-spans are subject to anabnormal amount of vandalism -~ name inscrib-
ing and paint damage -~ by young tourists. The bridge is 555 ft long, with
the deck 147 ft above the river. The structural steel weighs 875 tons and
includes many latticed box beams. The applicable specifications called for
spot cleaning by mechanicaltools, if needed, followed by sandblasting. The
spots were then primed with No. 1 red lead, followed by No. 2 MP brown
and No. 5B aluminum,. All steel was then finish painted with No, 5B alumi-
num. Before repainting, the gutters and downspouts were removed and
plugged since it was noticed that windblown drainage was accelerating the
breakdown of the coatings on the significant height of steel below them,

The latter plus a good repainting are contributing to a comparatively
good service life of the coating system, as of late 1972. Incidentally, the
previous contract repainting was in 1954 with the Department subsequently
covering up vandal inscriptions onthe end-spans with a coat of No. 5B alumi-
num paint inthe late 1950°'s. Because of problems with the initial contrac-
tor underestimating the amount of spot cleaning and painting required, and
the necessary subsequent renegotiations of the contract, the Department
has ahandoned spot repainting on contract jobs. However, since itis waste-
ful to remove sound paint from significant areas of bridge steel, the De-
partment may returnto contract spot repainting of some selected structures,

2) BO1 of 51011 (1933) US 31 over Manistee River in Manistee, and
B03 0f51021 (1934) M 55 over Pine River, east of Manistee, were repainted
under separate contracts letin 1965 to Dalman Construction Co. The Mani-
stee bascule bridge was finished by October 1, 1965; the Pine River (Cooley)
bridge by August 15, 1966.
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The governing specifications required complete removal of all rust and
old paintby sandblastingto a SSPC No. 10 requirement followed by applica-
tion of No. 2A brown (faster drying primer), No. 2 MP brown and No. 3A
gray undercoats. The topcoat was No. 5B aluminum to yield a 5+ mil dry
thickness for the coating system.

The Cooley bridge is a prototype of the Cut River Bridge (Fig. 27).
Because ofdifficulties inestimating the amount of spot painting required on
the latter, the Department required complete blastcleaning on the Cooley
bridge. Airless spray painting was allowed. The cost of repainting the
Cooleybridge came to about $86 per ton of structural steel. Companion
maintenance on the bridge included a bituminous overlay of the deck and
plugging of mid-deck gutters. The latter was done to prevent localized ag-
gresive corrosion as described on the Cut River bridge.

Figure 27. M 55 over the Pine River is a 3-span structure utili-
zing mostly latticed members that are difficult to paint. B03 of
51021 (Cooley Bridge) utilizes a design similar to that shown in
Figure 22 (July 1972),
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3) 509 of 38101 (1949) carrying Elm Rd over I 94, north of Jackson.
This is a three-span structure having eight rows of continuous I-beams,
weighing about 135 tons. Tt was repainted in July-August 1964 under con-
tract to Neumann Co. The specifications required complete removal of all
rust and old paint by sandblasting followed by spray applications of four
coats of vinyl paints. The first double coat was SSPC - paint 9 white, fol-
lowed by another gray and a white. The final double coat was SSPC-Paint
8 aluminum, to yield a 5-mil dry thickness of coatings.

Wenoticed some trouble in application of the vinyls; they tended towards
a dry, roughish spray, probably because the contractor wished to minimize
claims against him for spotting passing autos. The paint system showed
early initial minor rusting, which, however, progressed at such a very low
rate as to be given a "still satisfactory’ rating in 1972 after eight years of
service.

4) Electrostatic Spray Painting of Bridge Steel. Spray application
should lower the cost of paint application while the electrostatic principle
should lower overspray and the spotting of passing autos and give an extra
bonus of minimizing thin coating spots.

The Department evaluated the method in the repainti'ng'of S02 of 39022
(1956) carrying Lovers' Iane over I 94, south of Kalamazoo. This is a
four-span structure, utilizing six rows of I-beams, with the structural steel
weighingabout 90 tons. The only known painting contractor using this equip-
. ment was Decorators and Painters, Inc. of St, Joseph. After delays in pre-
liminaries, the Department issued a negotiated contract to the latter on
September 22, 1967, The included specifications called for complete sand-
blasting and application of two-coats of high-build paints toa dry film thick-
ness of 5 mils. The Department furnished the paints, special modifications
of No. 2 MP brown undercoat and No. 3A gray-green topcoat.

The project was beset with difficulties--bad weather, a strike, inability
to settle on the right equipment, poor consultation on equipment--so that
painting was not completed until October15, 1968, Most ofthe painting was
finally done with airless-electrostatic spray equipment with which the con-
tractor had no experience. For more particulars see Research Report R-
691, -

At the end of the tests, we opined that the equipment’s electrostatic at-
traction was outweighed by the force of air currents induced by passing
traffic. However, we hoped to again test that type application equlpment
under more favorable conditions, i.e., a river crossing.
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The performance of the coating system is the poorest in any of our
tests. 1In the fall of 1972, after four-years service, the system had dete-
riorated as much as other test coatings aftertwice that service. Compara-
tively low clearance, leading to scraping damage, has contributed to the
poor service over the traffic lanes; that was being spot repainted by main-
tenance personnel in June 1973.

5) 805 of 39022 (1955) Miller Rd over 1 94, S06 of 39022 {(1955) east-
bound I 94 BL over I 94, and S08 of 39022 (1950) Scott Rd over 1 94, all in
the south Kalamazoo area, were let under contract in July 1970 to the Neu-
mann Co. All were four-span structures, with a total weight of steel of a-
bout 375 tons. The governing cleaning and painting specifications were the
same as then being used in Detroit, requiring blastcleaning and application
of four coats of paint to a 5+ mil dry film thickness. The primer was No.
1-69 red lead, a faster drying revision, while the topcoat on one structure
was No. 4-69 green, and No. 9-69 rose on the other two. Because of late
in-season letting the painting was not completed until June 1971.

The cost ofthe painting was just over $100 per ton which is two-thirds
of the Detroit cost, due mainly to the fact that there was no restriction on
painting during daylight hours.

Regarding the performance; in June 1973 we noted some initial rusting
on bottom faces of the lower flanges and on the edges of the lower flanges
of the beams onall three bridges, though the Miller Rd bridge was the best.
Deck-joint resealing, done at the time of repainting with a two-component
polyurethane sealer, was still very good, at least on Miller Rd. The some-
what poorer-than-expected performance of the repainting on the bridges
was probably partially due to carry-over into two seasons.

Test Results

The performance of the experimental paint systems on bridge struc-
tural steel was to be followed by periodic inspections. These were made,
though not as frequently and thoroughly as we had originally envisioned.
Some of the inspections on previously listed bridges follow.

1) M 78bridges, east of Lansing, applied on new construction in 1960,
This was our first set of in-service exposures, conducted under a reason-
able test plan, of experimental coatings on girder steel. It involved two
bridges several miles apart, utilizing I-beams (Table 2}, one a crossing
over a divided highway, the other a small river crossing (Fig. 23).
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Since this was ourfirst set of field performance tests, a rating system
had to evolve with experience and as the exposure progressed. The one~
year service inspection showed no noticeable failure in any of the 12 test
coating systems, though extraneously caused damage appeared on five sy~
stems. Graffiti artists caused minor damage on three systems over abut-
ment slopes, which was to be repaired by us, while Maintenance personnel
were to repairdamage onSystem Nos. 3 and 4 of the grade separation bridge
apparently caused by some vehicular load not quite clearing the beams.
The two-year service inspection showed some initial spot hairline break-
down of most paint coatings along the beam lower flange edge corners; and
System Nos, 4 and 5 on the river bridge were showing some darkening due
to bleeding of the tar intermediate coat through the aluminum topcoat. This
was accompanied by some light alligatoring due apparently to insufficient
drying of the tar paint, when applied in cool, fall weather. -

The next inspection, after three and one~quarteryears of coatings ser-
vice, was covered by Research Report R-460., The inspection showed; a)
no significant worsening of the lower flange edge failures noted previously;
b) very noticeable deteriorationappeared underleaky decktransverse joints
since the sealer had progressively failed in performing its function, espe-
cially outside the deck tire tracks; and, ¢) increased bleeding and alligator-
ing on System Nos. 4 and b of the river bridge, noted previously.

The next inspection, after four and one~halfyears of coatings' service,
was covered by Research Report R-524. (Generally, deterioration of the
test coatings had beenalmost dormant in the interim except for progressive
failure underleaky transverse joints andthe epoxy-red lead primed system
on the grade separation bridge showed about eight blister failures on the
top of the lower flange of the east fascia beam, apparently because it col-
lects rain and snow and is subject to more rapid thermal changes.

The next inspection, after six years of coatings'service on the grade
separation bridge and sevenyears service on the river bridge, was covered
by Research Report R-661. In the interim on the grade separation, the de-
terioration; a) had progressed moderately on the edges of lower flanges of
the beams on all paint systems; b) had progressed under the leaky joints;
c) had become greater on hand cleaned than on blastcleaned steel, confined
to lowerflange areas, on System No. 1vs. No. 2 utilizing the Department's
standard paints; and, d) showed spotty minor white rusting, heavier in the
joint area, on the galvanized coating. On the river crossing; a)the bleeding
and alligatoring had increased on the two systems utilizing the tar interme-
diate paint so that they were rated unsatisfactory despite providing good
anti-rust protection; b) System No. 3, based onan epoxy-ester primer, was
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showing initial freckle failure over most of the steel though heaviest in pier
areas; and, c¢)the other three systems Nos. 1, 2, and 6 were better and
rated about equal.

The next inspection was made after eleven and one-half years of coal-
ings’ service. As mentioned earlier, we had to evolve a rating method as
this set of field testing progressed, finally settling on one as shown in Fig~
ures 28 and 29, which list the indicated ratings on the grade separation
structure. The inspection showed that in the last five~year interim of ser-
vice the Department’s redlead primed systems had deteriorated more than
the otherpaint systems, especially System No. 1 on hand cleaned steel and
without the wash primer. They no longer could be rated with the best per-
formers. The best performing paint systems were the two based on prim-
ers; aj zine chromate-alkyd (California specification); and, b) zinc-rich
single package proprietary formula. The best performing coating system
was the galvanizing.

On the river crossing, the inspection at the eleven and one-half year
level showed that Systems No. 1 (Department's red-lead primed), No. 2
(basic lead silico chromate primed), and No, 6 (inorganic zinc~rich prim-
ed) were still rated as equally superior, and generally inslightly better con-
dition than paint systems onthegrade separation structure. Therewas less
deteriorating effect from leaking transverse deck joints sincethese appeared
to have locked and were allowing little leakage.

2) US 27 bridges, south of Grayling applied on new constructionin 1967,
This series covered five grade separation bridges on which we were evalu-
ating three different organic zinc-rich primed systems against the Depart-
ment's standard system and a modification. Galvanizing was also being
evaluated on the bearing units and on some diaphragms.,

Several complications developed relative to performance rating of the
coatings. On System No. 3 (Table 2) the fabricator-applied zinc-rich prim-
er developed a fine, freckle type of rust-back before it was field topcoated,
forunknown reasons, and required a revision of topcoat specifications. The
cantilevered beam-joints on these bridges do not allow for a free vertical
drop of leakage from the deck joints (Fig. 30). It is caught by the beam
ends leading to early aggressive deterioration of the coatings in the joint
area. Mostbridges over southbound US 27 showed varying amounts of clear-
ance damage from high truck loads of Christmas trees coming to market.

The six-year performance ratings made in 1973 are hardly old enough

to yield long range ratings, but at that age level they showed the Depart-
ment's red lead primed systems to be slightly superior to the zinc-rich
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Figure 30. South fascia, west-span on S04 of 72013 shows spots
of topcoat peeling off Zinc-Rich primer, over the pier. The can-
tilever beam-joints configuration @ catches deck leakage, de-
teriorating beam coatings (July 1973).

primed systems because of less initial rusting along the lower flanges of
the beams., For some reason, the latterare not giving us the cathodic pro-
tection, on initial film breaks, that obtained on the first test series using
the zinc-rich primers. In addition, the two bridges utilizing zinc-rich prim-
er No. 2 are showing progressive delamination of the field applied vinyl-~
alkyd second coat indicating a wrong coupling of paints (Fig. 30).

3) Other test coatings on new construction. The performance rating
of these coatings will have to be covered in separate Research Reports.

4) Test coating systems applied as maintenance repainting. The first
in this series were the Addison and Lonyo grade separations over I 94 in -
Detroit built in 1949 and repainted in 1962, utilizing a four-coat paint sy-
stem on hand cleaned steel.

After eleven years of service, a 1973 inspection of the two structures
showed the paint systems to be performing comparatively well withthe coat-
ings onthe Addisonstructure betterthan on I onyo. The former was show-
ing only initial spot failure and rusting, mostly in the lower flange area of
the beams whilethe latter was showing that, plus blister failure, on fascia
lower flanges (Fig. 31) and more extensive failures under leaky deck joints.
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Figure 31. Top of lower flange
of fasciabeam shows blister and
delaminationfailure12 years af-
ter maintenance repainting. Note
barricade atbridge railings while
old painted rails are being gal-
vanized (March 1974).

This and the following sets of maintenance repainting of bridges indi-
cates that the same coating system will do as well here, durabilitywise, as
on new construction except that any developing distress in the bridge deck
or transverse joints that yields leakage will contribute to lowering of the
coatings' service life.

5) Other test coating systems applied as maintenance repaintings. A
few of these listed previously had accompanying comments relative to their
performance. Appraisal of their continuing performance and the perfor-
mance of others will have to be covered in separate Research Reports.

CONCLUSIONS AND RECOMMENDATIONS

These are presented to correspond with paragraph identifications listed
previously under Project Study.

Steel Beam Guardrail

1) Good experience on our initial test installations of galvanized beam
guardrail on new construction in 1957, and the Department’s subsequent
decision to require galvanizing of the guardrail on new roadway projects and
later as a recoating for formerly painted installations has resulted in con-
siderable savings. The galvanizing, (pre- and hot-dip) has a known and/or
estimated service life of 13 to 25 years, while the paint system had a ser-
vice life of 2 to 3 years, resulting in a conservatively estimated saving of
5¢ per lineal ft per year for the former; or $396, 000 per year on our esti-
mated 1,500 miles of guardrail.
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2) White Rusting of Galvanizing on Beam Guardrail - Determining
the causative mechanism for this premature deterioration in the Michigan
roadway environment was a project objective which regrettably was not at-
tained. However, our studies showed that white rusting occurred only dur-
ing some winters, and at some locations, with encasement in snow or salt-
‘laden snow appearing a requisite. Most frequently, it occurred at installa~
tions at bridge pier bases outside the deck area, and on ramps, etc. "It is
estimated that less than b percent of our footage has been affected to vary-
ing degrees of intensity. The white rusting ocecurred almost exclusively the
first winter on new installations when the galvanizing had not yet oxidized
to develop its own protective coating. Applying a short-lived protective
coating, like a chromate conversion type, appeared as an cbvious solution.
However, we were unable to find a low-cost source for such coating to
economically justify application on 100 percent of the footage to protect the
random 5 percent that would be affected.

3) OtherDevelopments - Our exposures of testhot-dip aluminized coat-
1ngs on steel beam guandrall have been of insufficient duratlon to yield long
range performance results. TLately, however, and based on 1963 initial test
exposures, the Department is specitying more of the unpamted low—alloy
steel for beam guardrail since it is believed to be more maintenance-free
than galvanizing;also, increasing amounts of concrete barrier typeis being
installed because it is not only more damage re51stant but also has safety
advantages

Bridge Railings

_ 1) Steel Fabrications - The steel balustrade-type bridge railing that
the Department adopted as a standard in the mid-1930's was of an architec-
turally pleasing designthat provided a reasonably strongbarrier. The rail-
ing served as a standard for more than 30 years. Originally, the railings
were painted, utilizing the same paint system as specified for the bridge
girders. Since the latter were protected by a hridge deck, their coatings'
service life was generally greater than on the bridge railings.

As the footage of the railings increased withthe increase in the number
of bridges on the highway system, the maintenance re painting of the railings
about every five years became a bothersome and expensive operation, Con-
sequently, the Department in the mid-1950's began evaluating more durable
coatings, including-avariety of paint systems and application methods, and
metallic coatings. - '
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The latter group included hot-dip galvanizing since it was feasible on
the railing panels; about 3 ft high and generally less than 10 ft long. This
proved to bea very durable and economical system, adopted as a construc-
tion standard in 1958 and as a maintenance recoating standard in 1961,
From theinitial test exposure in 1956, and from subsequent exposures, we
now estimatea 20 to 30 year maintenance-free service life for the galvani-
zed coating onthe railings., Since the overall cost on new construction must
have been lower for the galvanized than for the painted railings, and since
maintenance recoating by galvanizing eliminates at least four repaintings,
this decision effects considerable savings to the Department.

For unknown reasons the galvanized bridge railings proved much more
immune towhite rustdeterioration thanthe galvanized beam guardrail, and
consequently were eventually eliminated from this concern in the subject
project.

2) Aluminum Alloy Fabrications - A design identical to above, but
fabricated of aluminum alloy was specified as railing onsome bridges begin~
ning in 1957 and continuing for several years thereafter. The railing was
connectedto concrete posts. The service life of the aluminum railing should
be that of the bridge, though it probably provides a somewhat weaker bar-
rier than the steel railing of identical design.

3) Other Designs - Beginning in about 1960 and continuing for several
years thereafter, the Department specified an aluminum railing-post com-
bination onnew bridges with the railing consisting of two or three horizon-
tal tubes. Because of somewhat poorbarrier characteristics it was super-
seded by the concrete parapet type, which inturn is giving way to the con-
crete barrier type. The latter two are generally capped with a single tube
of aluminum or galvanized steel.

This recounts the Department's progressive transition in bridge rail-
ings to more maintenance-free types and also to those providing improved
barrier resistance.

Bridge Structural Steel (Girders)

1) Paint Systems - Underthis and prior projects, the Department has
been evaluating paints forbridge girders forthe specific purpose of develop-
ing more durable systems, thereby decreasing maintenance repaintings.
The evaluations covered screening of paints via laboratory testing, followed
by exposure of the best paints in actual service on bridges. The first well-
planned in-service exposures were made in 1960. On one bridge, eight sy-
stems are being evaluated, including galvanizing, and the Department's
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standard system as a control; six systems, including the Department's as
a control, are being evaluated on the other. Recent inspections of above
and other later exposures indicate the following tentative conclusions on
bridges on our roadways and in the Michigan environment.

a) There are more variables than just paint quality and thickness govern-
ing the performance of a paint system on bridge steel, as reviewed in the
last paragraph of Appendix B. Consequently, a single test bridge may give
misleading information relative to a paint system's value.

b) Painted bridge girde rs show first distress along the edges of the lower
flanges, under leaky deck joints, and the outside top of the lower flange of
the fascia beam. These deteriorations progress with exposure at a faster
rate than in other areas,

¢) A paint system tends to perform better on river crossings than on
grade separations over major roadways. On the latter, paint systems tend
to deteriorate faster on over-trafficthan off-traffic spans, most noticeably
in beams' lower flange areas. '

d) The unexpected, accelerated mid-age deterioration of our paint sy-
Stem on one of the 1960 test bridges, though it is performing well on the
other, raises a question relative to its superiority.

¢) The variability of performance of the zinc-rich primed test systems,
similar to experience of some others®, makes us wonder what additional
variables are involved affecting their performance. We were surprised to
note that some do not provide cathodic protection on initial film breaks on
bridge steel, though they do in laboratory Weatherometer exposure. Field
tests show that selection of topcoats can be critical to prevent peeling.

f) Ourbest performingtest coating system is the hot-dip galvanizing with
anestimated service life of more than 20 years, making us regret not having
this information many years ago.

g) Almostall ofthe preselected, 5~mil thick test paint systems will pro-
vide a service life of about 15 years, using the Department's criterion.
This is not long enough, however, since the Department’s current annual

‘w. J. Hai't (Oregon Highway) "Zinc Paint?" - Public Roads, Dec. 1973,
pp. 54-56; and International Lead Zinc Research Orgamzatlon - ch Re-
search Digest No. 31 - 1973, p., 17.
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maintenance repainting work load comes out to 2520/15 = 180 bridges. That
is neither inviting nor practical,

h) Our paint system appears tobe performing as well on maintenance re-
paintings as on new construction, except when faced with leakage from a
deteriorating deck and/or unsealed joints. '

‘2) Paint System Recommendations - Onbasis of subject and prior tests,
we have or are making the following recommendations:

a) In 1965 to 1970, the Department moderately revised specifications
covering the separate paints in our system, to generally obtain improved
durability and drying.

b) In 1967, the Department increased the dry-filmthickness of our paint
system on bridge steel from 4.0 to 5.2 mils by requiring an additional,
fourth and intermediate, coat of paint.

c) In 1967, the Department revised cleaning specifications for bridge
steel to require SSPC No. 6 commercial blastcleaning ratherthanthe former
hand cleaning. '

d) Inabout 1967 on new bridge steel, the Department began requiring the
removal of sharp corners on the beam's lowerflange by grinding to a 3/16 +
1/16~in. radius, as shown in Figure 24.

e) In 1968, the Department required hot-dip galvanizing on all steel of
bridge bearings not requiring welding to the beams.

f) Since the Department is already using improved bridge-joint sealers
{preformed neoprene or reinforced neoprene expansion) onnew construction,
we hereby recommend that bridge deck joints be resealed prior to mainte-
nance repainting.

Future Work

We are continuing our inspections of the performance of the various
coatings in test exposure on highway structures and appurtenances. This
includes the unpainted, low-alloy steel. The inspection results will be re~
ported and may require some revision of the aforementioned Conclusions
and Recommendations.
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APPENDIX A
Random Notes on Steel Beam Guardrail

The following notes are listed because they apply to steel-beam guard-
rail installations. We make no claim to their super-accuracy. However,
values of this type, even though approximations, must be accumulated and
reviewed in an economice study.

1) As noted in the report, prior to 1957 the Department used painted
steel guardrailand subsequently maintenance painted them. After the 1957
test installations of galvanized guardrail provided initial exposure data,
which were most satisfactory, the Department switched to galvanized
guardrail on new construction and by the end of 1959 decided to stop future
maintenance painting of existing painted installations. A study showed the
feasibility of; a) removing the latter; b) shipment to a galvanizing plant for
old paint removal, cleaning and galvanizing; and, ¢) reshipment to site and
re-installation. Regarding b) above, four hot-dip galvanizers in Michigan
showed interest in bidding on the work. The above was based on a study
conducted by the Department’s Maintenance Division, with excerpts follow-
ing:!

Cost of Painting vs. Galvanizing - "Originally, maintenance of guard-
rail consisted of cleaning with hand tools such as wire brushes and scrap-
ers. This was followed by one coat of good red lead spot primer and a top-
coat of white paint. Owing to tough exposure, normally guardrail needed
repainting about every two years. The cost of repainting guardrail was
$0.40 a lineal ft of face (1-1/2 +ft2)., The cost of galvanizing was about
$0.30 a lineal ft of both faces, with the cost of removing, trucking and re-
placing adding another $0.20a ft. In at least onedistrict, galvanized guard-
rail were installed on a rotating basis to replace the guardrail being re-
moved for palvanizing, thereby avoiding double handling and the need for
temporary protection. "

The specified galvanizing for the guardrail was hot-dip, in accordance
with ASTM A 123, requiring 2.0 oz/sq ft of surface. The award bid costs
per lineal ft of painted rail were as follows: $0.33 (1961), $0.25 (1965),
$0.33 (1966), $0.365 (1971) with the lengths involved varying up to 97,721
ft, the 1963 value,

Since the maintenance repainting had a service life of about two years,
while the hot-dip galvanizing has aservice life of 13to 25 years, the econo-
mics strongly favor the galvanizing.

'S. M. Cardone, "Galvanizing Reduces Guardrail Maintenance in Michi-
gan," IIRB Record No. 11, pp. 62-65.
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2) Cost of Galvanizing vs. Unpainted ASTM A 606, Type 4 Guardrail -
A récent inquiry to a producer and a review of ‘some bids shows the two
types of railings, specified by the Department, to be priced about equally
for both the material, and for the installation.

3) Guardrail Mileage and Percentage Replaced Annually Because of
Collision Damage -~ It is estimated that wehave 1,500 lineal miles of guard-
rail installed on the 9,300 miles Michigan Highway system, i.e., one mile
of guardrail for every 6-1/5 miles of roadway. The ratio is likely higher
on the Interstate system where the med1an guardraﬂ is double-faced, and
often double height.

The guardrail is subject to collision damage requiring replacement of
a certain percentage. This used to be scrapped. In a recent Maintenance
Division survey, it is estimated that about 4 percent of the total mileage is
damaged and replaced yearly. If the Department buys the available, port-
able straightening equipment, itisestimated that 2/3 of that canbe straight-
ened and salvaged while 1/3 is damaged beyond salvaging and will have to
be scrapped. A 1968 study in California showed that on freeway median
barriers 9.6 percent of the total length of the system was damaged that
year?,

The above is presented to show that metal guardrail, regardless of its
inherent durability, faces the probability of a short life due to collision da-
mage. The damage is not exactly random, since some locations are more
subject to damage than others.

Nevertheless, the necessity and expense of replacing some metal guard-
rail each year because of collision damage is one factor in the recent in-
creased use of the bulkier and damage-resistant concrete guardrail.

? Federally coordinated program of research and development in nghway
Transportation - Project Statements, April 1972.
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APPENDIX B
Notes on Bridge Railings and Structural Steel

Bridge Railings

1) Galvanized -~ The first construction galvanized bridge railings, in-
stalled in 1958, were inspected for appearance and found satisfactory; but
not checked for thickness of coating, on either the railings or supporting
steel posts. When nextinspected in the summerof 1972, we were surprised
at the poor condition of the galvanized coating, which showed brown rusting
over 10 to 15 percent of the surface, i.e., complete loss of galvanizing in
those areas. There was noticeable ruststaining of the concrete decking be-
neath. Actually the railings showed almost as much deterioration of the
galvanizing as the abutting chain link right-of-way fencing, whose specifi-
cations at that time required less than 1.0 oz of zinc per sq ft of surface.
We can now only surmise that the bridge railings also had a light coat of
galvanizing which went undetected by personnel unfamiliarwith a new coating
process. The galvanizedbridge railings installed onl 94 in Detroit, a year
later, show but slightly better performance, apparently for the same rea-
son. These are good examples that galvanizing per se is not necessarily a
durable coating; though it is if applied in sufficient thickness.

2) Painted - The above inspections and observations were made while
inspceting the condition of paint coatings on steel beams of bridges, in the
same generalarea in Detroit, scheduled for maintenance repainting in 1972
under contract. These covered seven pedestrian and five vehicular over-
passes on I 94, also constructed in 1958 and 1959. The condition of the
bridge railings on several of the vehicular structures was also noted. In-
terestingly, the condition of the painted railings on some was about as good
as that of the galvanizing on identical railings, referred to above. The still
painted railings, of the samc age as the galvanizing, were construction
painted with a three-coat system; consisting of a red lead primer, color
modified red lead infermediate coat, and an aluminum paint topcoat applied
on hand cleaned structural steel, in accordance with the then governing
specifications covering steelbeams and railings. The original paint system
thickness was probably about 4 mils. These painted railings provide us
with one of the best performing case histories; if one could deduce the
causes -- the serviceability of paint coatings could be more consisten-
tly improved.

Structural Steel

As mentioned above, and from other observations of the performance
of coatings on structural steel, one often notes a significant variability be-
tween coatings, and indeed between the same coating in different areas.
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After some thought, we helieve the coatings' performance is governed by
its adherence to the following basic factors.

1) Clean steel adequately by removing ungound mill scale and dirt
2} Apply a proven primer of the rust-iphibitive type

3} Apply proven topcoats, tough enough for intended service

4) Use professional application methods

5) Apply coatings in sufficient and uniform thickness

6) Prevent rusting of steel between application of coats

7) Apply required thickness in as few coats as possible

8) Tough areas need special protection or design considerations.

We explain the generally good performance of hot-dip galvanizing by
observing that it meets the first seven of the above factors.
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PROTECTIVE COATINGS FOR HIGHWAY METALS
Fourth Progress Report

This progress report continues the presentation of data on performance
of specification and proprietary structural steel primers and coatings as
determined in accelerated laboratory tests. These tests havebeen adopted
by the coatings industry because they permit easy and rapid screening of
coatings' quality, even though the results admittedly may not exactly du-
plicate service performance, This is the sixth series to be tested using
coatings of interest to the Department; series one through five havingbeen
reported in Research Report Nos. R-260 (July 1956), R-361 (Aug. 1961)
and R-508 (July 1965). The last and subject reports have been prepared
under an HPR study.

The primers and topcoats under test were accumulated over the period
from early 1965 through mid-1968. Forty-six systems, plus three addi-
tional replacements, were covered in the series. The laboratory phase
of subject evaluations covering panel preparation, equipment exposures,
and rating of test systems were conducted from May to December 1968.

Laboratory Test Procedure

The test paint systems were applied on steel panels in two coats, con-
sisting generally ofa primer and a topcoat, prior to exposure in laboratory
cquipment. The paneis were flat, 16-gage, hot-rolled steel. They were
cleaned by sandblasting prior to coating.

Duplicate panels were made of all systems although some, including
all of the “grease type" coatings, were applied ontriplicate panels toallow
roofexposure of one panel. All panels were edge~-sealed with a fast-drying
zine chromate primer. A three week drying period was allowed on all
panels except the replacement grease type paints which were put into test
exposure after one week's drying time.

The panel, one of each set, selected for test exposure was given a ver-
tical seratch through the coating to the metal while the other panelwas used
for comparison purposes during the rating of performance. A single test
cycle consisted of 200 hours exposure in the Weatherometer (continuous
artificial sunlight with a 9 minute water spray interval per hour) followed
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by 50 hours at 95F ina combination salt spray-humidity cabinet. The coated
panels were exposed to seven such cycles for a total exposure of 1400 hours
in the Weatherometer and 350 hours in the cabinet. At the conclusion of
the laboratory testing, the exposed test panels were photographed with their
respective control panels to show the amounts of degradation (Fig. 1) and
were also rated visually.

Performance Ratings

As in the previous reports, in order to assign numerical values to the
performance of the coating systems inthe tests, observers (F. J. Bashore,
A. R. Gabel, and A. J. Permoda) rated the panels on the following three
quality factors: ¥

1. Topcoat appearance; taking into consideration fading, chalking,
and gloss change.

2. Amount of coating breakdown on the panel face.
3. Extent of rusting and rust creepage at the vertical scratch.

Each factor was rated numerically ona 10 to 0 scale, with 10 denoting
perfect condition and 0 complete failure. For convenience, these three
ratings were added into a single total indicating the overall merit of the
coating system, with the highest total representing thebest performing sys-
tem. These totals are presented in Table 1 as averages for the three ob~
servers. Individual averaged factor ratings are also given in the table, as
is the relative rank of the test systems, and sources of the coatings.

Test Results

Of the 46 test systems (listedin Table 1 and shownin Figure 1) 14 were
classified as "very good" (defined as having received 24 or more points of
a possible 30-point maximum performance rating) and carry the highest
potential for possible Department use. They are listed in descending order
of rating merit: '

Rank 1 - 27 Points

System 29: Proprietary, one-package, zinc-rich primer and propri-
etary gray hi-build topcoat. Primer is on field test on
"Snow Bowl and Military Road structures over 175 near
Houghton Lake, -
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System 34: Proprietary, three-package, zinc-rich primer and pro-
prietary gray hi-build topcoat.

Rank 2 - 26.3 Points

System 45: Proprietary, two-package, inorganic zinc-rich primer
and vinyl-alkyd gray topcoat. Topcoat is on field test on
Snow Bowl Road structure over I 75 near Houghton Lake.

Rank 3 - 25.7 Points

System 28: Proprietary, one-package, zinc-rich primer and vinyl-
alkyd gray topcoat. (Primer same as System 29, and
topcoat same as System 45, above).

System 31: Proprietary, one-package zinc-rich primer and propri-
’ etary gray hi-build topcoat. (Topcoat as on Systems 29
and 34, above). '

Rank 4 - 25,3 Points

System 30: Proprietary, one-package zine-rich primer and vinyl-
alkyd gray topcoat. (Primer is on field test on M 71
structure over M 78 near Durand).

Rank 5 - 25 Points

System 1: MDSH Nos. 1A (1) red lead primer and No. 5B aluminum- -
alkyd topcoat (Department and test standard).

System 15: Proprietary lead pigmented white primer and No., 5B
aluminum-alkyvd topcoat.

System 32: Proprietary lead sub-oxide pigmented gray hi-build prim-
er and vinyl-alkyd gray topcoat.

Rank 6 - 24,3 Points

System 11: MDSH Nos. 1A (2) red lead primer and No. 4A (1) green
topcoat.

System 26: Proprietary, one-package, zine-rich primer and pro-
prietary aluminum topcoat from same source.
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System 44:  Proprietary, one-package, zinhec-rich primer and pro-
prietary, two-package aluminum-epoxy topcoat.

System 46: Proprietary, fast-dry zinc chromate primer and vinyl-
alkyd gray topcoat. :

Rank 7 - 24 Points

System 4: MDSIH Nos. 1A (1) red lead primer and No. 4A (1) green
topcoat.

_ The remaining systems earned poorer ratings and thereby are of less
interest to the Department. - However, there is one exception--a group of
treated hydrocarbon coatings, sometimes called "grease type," which
earned poor ratings in much abbreviated exposures and were withdrawn
from the accelerated tests (Fig. 2). This behavior was expected since
' grease coatings, by experience, do not perform well inthe Weatherometer.
Consequently, these coatings are being evaluated in 2 much slower way by
outdoor exposure on the roof of the Laboratory (Fig. 3). Remarks on their
current performance aregiven in Table 2, which also describes other sys-
tems, so exposed. Tuture inspections will be made and recorded covering
these exposures.

Discussion of Results : T :

A review of the above listing shows that:

1. Eight of the 14 best performing systems were based on zinc-rich
primers, five on lead pigmented primers, and one on a zinc chromate
primer. All inhibit corrosion by any of various mechanisms.

2. The top six rating test systems were based on zinc-rich primers,
of the 14 mentioned above. Partial reasons for the high ratings are, (a)
these primers are high-build coatings yielding greater thickness thanstan-
dard, (b) they perform well in laboratory tests, i.e. perhaps better than
in field tests, and (c) we've learned to margmally 1mprove the1r perfor—
mance by proper topcoating, ‘

3. The .Department's current paint system of 1A (1) red lead primer

and 5B aluminum alkyd topcoat was surpassed in performance by only the
zinc-rich primed systems, mentioned above.
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4. As pointed out, several other rust inhibiting primed systems per-
formed well in the tests. Three were basedon lead pigments or zinc chro-
mate pigments.

5. Regarding topcoats, the Department's Nos. 5A aluminum and 4A (1)
green performed well as did a vinyl-alkyd gray (currently under field test
because of previous good test performance) and a high-build chlorinated
rubber gray. Several other high-build topcoats didnot rate up to expecta~
tions.

6. The grease-type coatings are being evaluated since they are high-
build coatings having potential of being applied in one or two coats to yield
a standard 5~mil thickness. They have found some use in the trade, while
the new types are being used extensively as autobody undercoaters. They
can migrate to seal minor damage breaks. Unfortunately, some do not take
direct exposure to sunlight,

Recommendations

As in previous reports in this series, we recommend that evaluations
be continued--via field tests on structural steel--on at least some of the
best performing systems in these tests. The selection could by-pass sys-
tems already under field test, and could be made on either construction or
maintenance~repainting projects,

The opinions, findings, and conclusions expressed in this publication are
those of the authors and not necessarily those of the Bureau of Public Roads.
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Figure 2. Test "grease type' coated panels with unexposed control, above, and
laboratory weathered panel with vertical scratch, below (identification and per -
formance ratings in Table 1).

Figure 3. Appearance of test ''grease type' coatings on roof exposure, as of
February 12, 1969 (identification and performance comments in Table 2).
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SERIES 6 COATINGS

TABLE 1
IDENTIFICATION AND PERFORMANCE OF TEST COATING SYSTEMS

.
Test Dryingf System Ratings
System Identificatlon Compogition Time, | Thickness,| Appear- Face Seratch Total*s Rank Remarks
hr mile ance | Rusting | Rusting | 1%
Primer: 87 PR-153 No. 1A (1} red lead 48{c) 2.0
! 0 10.0 8.0 25.0 5  Standard MDSH system
) Topecoat: 6¢ PR-11% No. 5B aikyd aluminum 18{c) 3.0 7 0 5
Primer: 67 PR-153 No, 1A (i} red lead 48 2.0 Alternate MDSH aystem,
2 . - . 19. €0 .
Topcoat: 68 PR-54a No, 4A green 9 4.5 4.7 8.0 8.6 8.3 Topcoat from Hammond
Tead
: - T t from Hpmmond
a Primer: 67 PR-153 No, 1A (1) red lead 48 2.0 6.7 100 6.0 22.7 1 apcoatl iro
Topeoat: 66 PR-54b Na. 4A green with P7 7 3.0 Lead
Primer: &7 PR-153 No. 1A (1) red lead 48 2.0 '
. . . . 7 Topcoat from Nat'l Lead
im Topcoat: 87 PR-148 Mo, ¢A (1) green [ 3.0 .0 8.0 8.9 .8 opeoa
Primer: 67 PR-153 No. 1A (1) red lead 48 2.0 '
.0 . . . Topcoat from Nat't Lead
5 Topooat: 67 PR-14% Na, 4A (1) green 9 3.5 6 8.7 6.8 2.3 13 opeoa
Primer: &7 PR-153 No. 1A (1} red lead 48 2.6 '
0 . 20. 18 T t from Nat'l Tead
8 Topecat: 57 PR-150 No. 4A (1) green 8 3.5 5.0 ? 6.0 0.0 opeon
Primer: &7 PR-153 No. LA (1) red lead 48 2.0
7 - . . 23.3 8  Topcoat from Washburn
Topcoat: &7 PR-120 Green alumlaum Milthix 8 3.0 1.8 8.3 8.7 e
Primer: 87 PR-153 Ne. 1A {1} red lead 48 z.0
. 10.8 ] .0 14 Topeoat {rom Dow Corni
& Topcoat: 65 PR-104 Silcone alkyd sluminum 1 2.5 6.7 8 22 ope ne
. - b f R 1
9 Primer: §7 PR-153 No. 1A (1) red lead 48 2.0 3.3 5.3 6.4 15,0 P Topcoat from Republic
Topcoal: 66 PR-56 Alumanation No, 301 1 3.0 Metals
10 Primer: 68 P-8& No. 1A {2) red lead 24, 1.7 6.7 8.7 5.3 20. 7 16 Primer from Nnt'l Lead
Topcoat: §0 PR~112 No. 5B alkyd alaminum 18 2.7
Primer: 68 P-§ Na. 1A (2) red iead 24 1.7 '
. . . 8  Bothf Nat'l Lead
L0 ropcoat: 6T PR-14% No. dA (1) green 5 3.5 7.3 8.7 7.2 .3 ot frem
Primer: 68 P-6 No, 1A {2) red lead 24 1.7 '
12 . . 5. 20.7 16  Both from Nat'l Lead
: Topeoat: 67 PR-118 Na. 3A {2) gray-green Hi-Build 24 4.2 5.7 9.3 5.7
Primer: 66 PR-562a No, ZMP (1) brown i7 i.2 Primer from Hamimond
1 N . . 18. 21
3 Topcoat: &0 PR-112 Ne. 5B alkyd aluminum 1B 2.2 5.7 8.7 4.3 8.7 Lead
Primer: 66 PR-52b No. ZMP brown with P7 17 1.2 Primer from Hammond
14 N . . N 21,7 15
Topeoat: 60 PR-112 No. 5B atkyd aluminum 18 2.0 6.0 9.7 6.0 Lead
Primer: 66 PR-53 White primer with P? 17 2.7 Primer from Hammond
1 . - . 25.
s Tapeoat: §0 PR-112 No. 5B alkyd sluminum 18 1.5 7.3 8.7 8.0 5.0 s Lead
Primer: 68 PR-53 White primer with P 7 17 2.7
1 . . . N 1 oth d Lead
st Topcoat: 68 P-67 Hi-Build green [ 1.7 5.7 8.3 8.7 201 6 Both from Hemmon !
Primer: 85 PR-133 Whita primer 17 1.7
17 Topeoat: 60 PR-112 Na. SB alkyd aiuminum 18 2.5 5.7 8.7 5.8 19.7 18 Primer from Eagle- Picher
18 Primer: 67 PR-117 No., 2MP {2} brown ki 3.0 61 10.0 7.0 25.7 3 Primer from Nat'l Lead;
Topcoat: 68 PR-123 Aluminum Milthix 8 3.5 Topeoat from Washburn
Primer: 67 PR-14§ TT-P-E15d type 3 brown electro, Bicy 1.2
16 .
19 Topeoat: 80 PR-112 Mo, 5B alkyd aluminum 18 2.0 T s 50 L Prémer from Std., Detroil
20 Primer: 67 PR-146 TT-P-615d type 3 brown electro. Bic) 1.¢ 7.0 9.3 57 29 14 Primer from Std., Detrolt;
Tepeoat: 67 PR-118 Gray Milthlx 8 2.7 . ' . -0 Topeoat from Waghburn
Primer: 68 PR-121 M-50 brown Milthix 4 2.2
21 1
Topooat: 67 PR-120  Green aluminum Milthix 7 a2 83 w0 80 2.3 13 Poth from washburn
Primer: 66 PR-121 M-50 brown Mtithlx 4 2.2
22 K
Topcoat: 87 PR-118 Gray Milthlx 6 45 6.3 9.0 5.0 20,3 11 Baoth from washburn
Primer: &6 PR-12i M-50 brown Milthix 4 2.2
23
Toepeogt: Whae Stk Mo, 3A (1) gray-green 24 3.9 4.0 8.7 6.0 18.7 fl  Primer from Washburn
Primer: 65 PR-151 Org. Phosphate & ZnCro 2 2.5
24
Topeoat: €9 PR-11% Mo, 5B alkyd aluminum 18 32 6.3 10.0 4.4 20.7 16  Primer [rom Lubrizol
HNotes: * Rated on scale from 10 to 6; with 10 = no deteriorstion and 0 = complete faflure.

** Parenthesized ratings in this column indicate early removal from test due to failures.
Sysiems 38 and 39 after 109 hra,, #{153, 38, 3MA after 260 hrs., #35 & 36 after 600 hrs,

(s} Faulty company identiflcation.

(b} Roof expesure; panels vertical, facing East,

(c) Under field test on bridge structures.

-T75=




TABLE 1 (Cont.)
IDENTIFICATION AND PERFORMANCE OF TEST COATING SYSTEMS
SERIES 6 COATINGS

Test Drying| System Ratings® i
System Identification Composition Time, { Thickness,| Appear-| Face Scratch Total+ Rank Ramarks
hr mils ance | Rusting | Rusting [ oo
Primer: G5 PR-151 Org. Phosphate & ZnCr( 2 2.5
. .
& Topcoat: Whae Stk No. 3A (1) gray-green 4 24 4,0 4.0 8.7 5.0 i7,7 gz Primer from Lubrlzol
25 Primer: 68 P-34 Gal-V-Tal Z-8%9H ({Zinc Rich} 1 1.6 -
Topeoat: 68 P-35 Gal-V-Tal 1-80 alumimum 10 2.2 g0 15,0 8.3 241 6  Doth from United Palnt -
o Primer: 65 PR-124 ZRC (Zine Rich) ey 2.1 - . i
Topecat: 65 PR-125b  ZRC Metaz aluminum 16 2.7 57 LECA 20.7 16 Dath from Sealube
28 ) Primer: 66 PR-116 Chem-%ine (Zinc Richt 10(e) 3.0 7.3 0.0 9.4 25.7 3 Peimer from Truscom;
Tepeoat: 67 CH-127 Mil-E~16501 vinyl alkyd gray 4fch 5.0 ) ? ‘Topcoat from Sid., Detrolt
Primer: 66 PR-116 Chem-Zine {Zine Rich) 10{c) 3.2 Pri f i
29 . imer from Truscon;
o} Tepeoat: 68 P-59 Chior-Rubber, gray Hi-Build 4 5.0 (e 10.0 9.3 21.0 1 Tepeoat from Plttsburg Plate
30 Primer: 67 PR-185 Galvanox {Zine Rich) 10{x 15 8.7 5.0 a6 4 Primer from Wyandotte;
Topeoal: 67 CH-127 MIL-E-16561 vinyl alkyd gray ey 4.2 N h 5.8 Topeoat from Sld. , Detroit
31 Primer: B85 PR-134 Galvicon {Zine Rich) 18 3.5 7.3 8.4 100 25.7 3 Primer from Galvicon;
Topcoat: 68 P-50 Chlor-Nubber, gray Hi-Duild 4 4.5 ) Topeost from Pittsburg Plate
a2 Primer: 65 PR-130 Leadox gray Hi-Duild 7 3.5 5.0 16.0 7.0 2.0 - Primer from Tropical;
Tepeoat: 67 CH-127 MIL~E-18501 vinyl alkyd gray 4{c) 6.0 - ' v Topeoat from Sul., Detroit
33 Primer: 865 PR-110 leadox gray 1H-DBuild 7 3.2 3.3 a4 7.0 14.7 24 Primer from ‘ropleal;
Topeoat: 68 D-59 Chier-Rubber, gray Hi-Build 4 4.7 ' ‘ N " Topeoat from Pitteburg Plate
24 Primer: 68 P-58 Aquapon 9685 (Zn Rich - 3 comp} 10 1,0 7.7 1 -
; Topcout: 68 P-59 Chlor-Hubber, gray Ti-Duikl 4 4.0 : c.0 8.3 27,0 L Bothirom Pittsburg Plate
. Primer: 66 PR-60 No-Ox-{d 400 Hi- Huild black ki .
350 popesat: 86 PR-60 Mo-Ox-1d 460 Hi-Build black 36 B L7 2.7 6.3 (10,7 --  Coating from Dearborn Chem.
3d Primer: 66 PR-60 No~-Ox-Md 400 Hi-Build black 36 - 1.3 0.7 2.0 @ . Primer [ram Dearborn Chem;
‘Popeoal: G8 P-7 Tectyl TL-174 Al black ey =5 ' ' Topeoat from Walvaline
; Primer: 65 PR-131 Quaker-Coat black 36 o .
WO opconts 65 P13 Quaker- Coat black 35 Z5 0.5 L1 1.7 6.7 25 Both from Quaker Co.
Primer: 67 PR-142 Tectyt 508, brown 35 Primer and Topccat from
3OV pcoat: 68 BT Tectyl T1~174 Al black 36 T4 2.3 ne o &7 (18 ™ vaiveline Co.
. Primer: G7 PR-i4l Tectyl 1278 aluminum a6 Primer and tepcoat from
890 ropoat: 88 BT Teotyl TL-174 Al black 368) T3 3.3 7.3 8.7 8.3 = ivoline Co.
Primer: §7 PR-117 No. ZMP (2} brown 7 2.2 '
40 Topeoat: €6 FR-11%  No. 5B alkyd aiuminum 18 3.0 80 0.0 57 2.7 15 Primer from Nat'l Lead
88 P-6
i H 1 " i 3 i.f
11 Primer &8 P18 No. 1A ¢2) red lead & additive 5 - - . - 1o Primer from Nat'l :
Tepeoat: B0 PR-112 No, 5B alkyd aluminum 18 2.3 ! ) ¢ Additive fram Humko
42 (0  Primer: 67 PR-156 Kencote 60 brown Hy.Carbon 38 .75 e - - - ... (Coating from Kendall
- Refinlng Co.
43 Primer: G8 P-6 Mo, 1A 2 red tead 3 1.7 6.7 10.0 5.7 2.4 12 Primer from Nat'l Tead;
Topeoat: 66 PR-12 Epoxy aluminum {2 compj B 4.5 : ' . ' Topeoat from Truscon
44 Primer: 68 D-72 DMC Zine Ricl (1 pkg) i 3.0 5.3 5.9 9.7 24,3 s Primer {from DuBoig;
‘fopepat: &6 PR-12 Epoxy ajuminum {2 compl 3 4.0 ot ) ‘ " Topceat from Truscon
Primer: 68 P-74 Av-Tee G-100 (2 comp} 12 3.0 )
T, N . 8, 2 .
45 Topcoat: 67 CH-127 MIL-E~16501 vinyl alkyd gray 1 3.5 o 10.0 9.3 6.3 Primer {rom Daviec Co
Primer: 6§ P-82 X-200 Chromate primer 1 2,7
8,0 10,0 6.3 24, § Pri
48 Topcoat: 67 CH-127 MIL~E viny! alkyd gray 1 4.2 4.3 mer from United Paint
350} Primer: 46 PR-60 No—Ox-Td 460 Hi-Bulld blsck 36 . 0.3 .3 6T 16.3) -— Primer and topcoat from
) Topcoat: 56 PR-60 No-(x-1d 406 Hi-Build black 36 =2 ' ) : ! Daarhorn Chemical
Primer: 67 PR-142 Tectyl 506, brown 36
' 2 f 5.4 12 --- Both T .
BBABY  ropcost: €8 P-113 Tectyl TL~127¢ aluminum a6 Fa-1/2 3 43 an Tom Valvollze Co
Primer: 67 PR-141 Tectyl 1278 eluminum 38
ar W0 . . . —— o Lvol .
39A(bY Topcost: 58 P-113 Tecty} TL-127C aluminum " =# 3 5.3 9.0 17. 9} Both from Velvolina Co
Notes: * Rated on acale fram 10 to 0; with 10 = no detertoration and ¢ = complete fallure, ’
++ Tapenthesized ratings in thig column indicate eerly removal from test due %o fallurea.

Systems 38 & 39 after 100 hre., #{35, 38, 39)A after 200 hra., #35 & 38 after 600 hre.

(&} Fauity company identifieatlon.
(b} Roof exposure; panels verticel, facing Egst.
(e} Under flald teat on bridge atructures.

d} Applied in two coats.
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TABLE 2
ROOT PERFORMANCE OF TEST COATING SYSTEMS
SERIES 6 COATINGS

System
Test e L . J Performance Comments
System Identification Composition Notes Thlc!{ness, (@s of 2-12-69)
mils
Primer: 67 PR-153 No. 1A (1) red lead s :

1 o~ light dull
Topcoat: 60 PR-112 No. 5B aluminum b =3 very slig uiling
Primer: 67 PR-153 No. 1A (1) red lead :

: ~ 1

4 Topcoat: 67 PR-148  No. 4A (1) green b Z3 very slight dulling
Primer: 67 PR-153 No. 1A (1) red lead "

8 ~ light duli
Topcoat: 65 PR-106  Silicone alkyd aluminum b ¥o.1yp  PUEALOUNGE
Primer: 68 P-6 No. 1A (2) red lead . :

11 ~ light duil
Topooat: 67 PR-148  No. 4A (1) green b Eg.y/p VETY BHEM CUUng
Primer: 66 PR-53 White primer with P7 .

16 -~ ht dulli
Topcoat: 68 P-67 Hi-build green b % 3.1/  Siiehtdulling
Primer: 66 PR-116 Chem~Zinc (zinc rich) . .

28 light dull
Topcoat: 67 CH-127  MIL~E-Vinyl alkyd gray b Z5 very SHg g
Primer: 66 PR-116 Chem-~-Zine (zinc rich) :

29 ~ dull
Topcoat: 68 P-59 Parton Hi-build gray b =5 1o cuting

GREASE-TYPE COATINGS

35 Primer: 66 PR-60 No-0x-Id 400 black medium erain allizatorin
Topcoat: 66 PR-60 No-0Ox-1d 400 black b =5 & E &

36 Primer: 66 PR-60 No-Ox-1d 400 black . fine grain alligatorin
Topcoat: 68 P-T Tectyl Al-black a, b =5 J i g
Primer: 65 PR-131 Quaker coat black :

~ light chalk

37 Topcoat: 65 PR-131 Quaker coat black =5 slight chalking

Primer: 67 PR-142 Tecty!l 506 brown . \
checkin d k

38 Topcoat: 68 P-7 Tectyl Al-btack a, b ER) € and cracking
Primer: 67 PR-141 Tectyl 127B aluminum . .

~ heck ki

39 Topcoat: 68 P-7 Tectyl Al-black a2, b =3 checking and cracidng

12 Primer: 67 PR-156  Kencote 60 brown b g, slight bleaching

s5A Primer: 66 PR-60 No-Ox-1d 400 black edium erain allivatori
Topcoat: 66 PR-60 No-Ox-Id 400 black e =P & gatoring
Primer: 67 PR-142 Tectyl 506 brown

-~ od dulli

384 Topcoat: 68 P-113 Tectyl 127C alumlnum ¢ ¥g1yp  BOOG, focdulllig
Primer: 67 PR-141 Tectyl 127B aluminum .

=~ od cull

394 Topcoat: 68 P-113 Tecty} 127C aluminum c =2 Bood, n? e

Notes: a) Faulty company identification

b} Exposed June 12, 1368
c¢) Exposed September 25, 1968,
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