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Long l i f e , moderate maintenance, and a t t r a c t i v e appearance of 
s t r u c t u r a l s t e e l highway bridges can a l l be enhanced by r e f e r 
ence to a c h e c k l i s t of basic p r i n c i p l e s . Although l i t t l e or 
no painting of structures may be required i n a hot, dry, r u r a l 
atmosphere, a c a r e f u l l y designed coating system i s necessary 
where moisture, de-icing s a l t s , and i n d u s t r i a l or automotive 
contaminants are present i n abnormal amounts. Even i n these 
l a t t e r cases, however, economical protection can r e a d i l y be ob
tained through use of the wider choice of materials and methods 
now available, including designs free of moisture-collecting 
crevices, pockets, or unprotected areas; more rapid and econom
i c a l sandblasting and other methods for surface preparation i n 
shop, f i e l d , or maintenance practice; chemical pretreatments 
where special corrosion resistance i s required; primers and 
topcoats based on the t r i e d and true oil-base vehicles and on 
field-proven newer vehicles and pigmentations, consistent with 
the type of surface preparation and service environment; better 
or cheaper methods of application, inspection, and maintenance 
painting at regular i n t e r v a l s . 

The c h e c k l i s t of things to avoid includes painting over 
d i r t , loose r u s t , grease, or loose mlllsceLLe; use of s h o r t - o i l 
quick-drying primers over rusty hand-cleaned s t e e l ; too-long 
i n t e r v a l between priming and top-coating of phenolic paint sys
tems; designs which bring drippings from concrete or from de-
i c i n g s a l t into prolonged contact with inadequately protected 
surfaces. 

For the highway engineer to make best use of continually 
improving materials and methods, i t i s f i r s t necessary that 
there be better dissemination of known information and the de
velopment of simpler and better s p e c i f i c a t i o n s . I n addition 
there should be continual impartial evaluation of new products 
and the study of special problems, such as painting of welded 
bridges, protection of hand-cleaned (or rusty) s t e e l , compari
son of f i e l d versus shop priming, evaluation of brine-resistant 
paints, comparison of alternate application methods, and study 
of application under adverse humidity-temperatiire conditions. 
This kind of program w i l l make both s t r u c t u r a l s t e e l and pro
tec t i v e coatings s t i l l more v e r s a t i l e for highway construction 
and maintenance. 

#FOR MANY highway engineers, the painting of s t e e l structures represents 
an important but very specialized f i e l d to which they can devote only a 
limited amount of time and study. The purpose of t h i s paper, therefore, 
i s to summarize some of the more iir^jortant s t e e l painting information pres
ently available, and to suggest where further information can be obtained. 

The most important considerations i n the painting of highway bridges 
are: 1. Recognition of the environment of the structure; 2. Influence 
of the bridge design upon corrosion and painting; 3. Choice of the sur
face preparation; k. Application methods; 5. Choice of the coating sys-



ten i t s e l f . These factors apply both to the o r i g i n a l shop and f i e l d paint
ing and to maintenance painting. Each of these factors w i l l be discussed 
b r i e f l y , much of the material being taken from the Steel Structures Paint
ing Manual ( l , 2) which i s widely used as a reference i n s t r u c t u r a l s t e e l 
painting problems. This Manual i s organized, cross-referenced and indexed 
i n such a way that i t can be used by one who i s unfamiliar with the Manual 
and even with painting technology. Examples w i l l also be taken from the 
current research and te s t i n g programs and reports of the S t e e l Structures 
Painting Council. Many of the cases involving r a i l r o a d bridges are d i r e c t 
l y applicable to highway bridges. I t i s hoped, however, that i n our future 
program more highway bridges can be included. 

ENVIRONMENT 
The f i r s t step i n considering any paint problem i s recognition of 

whether the structure w i l l be exposed i n a r u r a l , i n d u s t r i a l or marine a t 
mosphere or whether i t w i l l be exposed to a special condition, such as 
brine s a l t , fumes, abrasion, s o i l , moisture, b l a s t or the l i k e . The envi
ronment may vary r a d i c a l l y from one part of a highway bridge to another 
and may therefore require more than one paint system, p a r t i c u l a r l y on the 
prime coat. For example, the s t e e l p i l i n g may be under the water while 
the understructure i s splashed by waves and the superstructure i s exposed 
to the atmosphere only. I t has also been shown repeatedly that the parts 
of the structures subjected to frequent s a l t drippings o r d i n a r i l y require 
much more care f u l maintenance than those which are exposed to the atmos
phere only. 

Most bridges are subject to high humidity or fumes. The highway 
bridge may present a differe n t problem from the r a i l r o a d bridge, but the 
s i m i l a r i t i e s are greater than the differences. Appearance i s more of a 
factor on highway bridges and the color may be selected to harmonize with 
topographic features, to provide a two-tone e f f e c t or to be as obvious as 
possible for safety reasons. 

I n the selection of a paint system for a specified application the 
Painting Manual l i s t s 9 p r i n c i p a l c l a s s i f i c a t i o n s . For each of these, a 
description i s given i n Volume 2 of the surface preparation covered, the 
recommended paints and paint system for t h i s application, and comments on 
the advantages and li m i t a t i o n s of each primer recommended. The 9 c l a s s i 
f i c a t i o n s are as follows: 

1. Dry i n t e r i o r s ; 
2. Normally dry but exposed to the weather; 
3 . Frequently wet or exposed to high hiunidityj 
U. Continuously wet or immersed i n fresh water; 
5. Hand-cleaned s t e e l immersed or exposed to condensation; 
6. Continuously wet or immersed i n s a l t water; 
7. Underground; 
8. Rust-proofed; 
9. Chemical expos-ure. 
I n addition, separate cross-referencing i s shown for cases where spe

c i a l properties are required, such as abrasion resistance, anti-sweat pro
p e r t i e s , anti-fouling, use over galvanized metals, high surface tempera
ture, l i n i n g s , etc. The alphabetical index l i s t s recommendations for 
about kOO d i f f e r e n t kinds of surfaces and stni c t u r e s . 

Chloride s a l t s , often used on the highways for de-icing, are also 



used by the r a i l r o a d s i n most r e 
f r i g e r a t o r cars. Here the c o n t i n u 
a l l y m e l t i n g i c e r e s u l t s i n spraying 
c o r r o s i v e b r i n e along the r a i l r o a d 
r i g h t - o f - w a y . A wide v a r i e t y o f 
coatings having the necessary b r i n e 
res i s t a n c e i s now a v a i l a b l e . 

I n a d i f f e r e n t approach t o the 
problem, work done by the Associa
t i o n of American Railroads (lO) and 
the Armour Research Foiandation has 
shown t h a t i t i s pos s i b l e t o reduce 
g r e a t l y the corrosiveness of r a i l 
road b r i n e s ( o r d e - i c i n g s a l t s ) by 
adding small amounts o f chromates 
or phosphates d i r e c t l y t o the s a l t . 
The use o f such i n h i b i t o r s adds sub
s t a n t i a l l y t o the cost o f the s a l t , 
however, and has not been adopted by 
the r a i l r o a d s or g e n e r a l l y by most 
p u b l i c a u t h o r i t i e s . 

Several years ago a t e s t was 
undertaken on 2 bridges o f the Mis
s o u r i P a c i f i c R a i l r o a d near St. Louis 
f o r the s p e c i f i c purpose of evaluat
i n g s y n t h e t i c b r i n e - r e s i s t a n t coat
ings which co\ald be a p p l i e d over 
sandblasted or over wirebrushed sur
faces. Figure 1 shows one o f the 
bridges on which many a l t e r n a t i v e 
p a i n t systems were t e s t e d . Subse
quent t o t h i s a s i m i l a r t e s t was un
dertaken on the Seaboard A i r l i n e 
Railway over 2 bridges i n the south
eastern U. S., both o f which were 
hand-cleaned ( F i g . 2). A f t e r sever
a l years' experience w i t h these 2 
t e s t s i t was concluded t h a t a wide 
v a r i e t y o f coatings provides suc-
c e s s f i i l p r o t e c t i o n over sandblasted 
surfaces. Even over a hand-cleaned 
surface, good p r o t e c t i o n can be ob
t a i n e d i f the systems are c a r e f u l l y 
retouched every few years. A r e p o r t 
on the Mi s s o u r i P a c i f i c work i s be
i n g published t h i s month i n the an
nual b u l l e t i n o f the American R a i l 
way Engineering A s s o c i a t i o n . 

Where severe environmental f a c 
t o r s such as b r i n e d r i p p i n g s are not 
present, many years o f maintenance-
f r e e service can be obtained w i t h 
l e s s expensive m a t e r i a l s a p p l i e d 

Figure 1, One o f the through t r u s s 
span t e s t bridges (sand-blasted) 
near St. Louis f o r e v a l u a t i o n o f 

b r i n e - r e s i s t a n t p a i n t s . 

2 

Figure 2. Hand-cleaned b r i d g e , James
town, S. C, f o r t e s t i n g s y n t h e t i c 

p a i n t s . 



over hand-cleaned surfaces. This i s i l l u s t r a t e d ( F i g . 3) by the t e s t be
ing conducted on 3 bridges of the Santa Fe Railway near Kansas C i t y i n 
which several proprietary paints are being evaluated. Over the past 7 
years even the l e s s durable types of coatings have been e f f e c t i v e . Re
touching at i n t e r v a l s up to 10 years should be adequate on such surfaces. 
Evaluation of proprietary coatings i s also being followed over the past 
several years on 2 bridges on the Southern Railway System. Depending upon 
the design of the bridge i t s e l f , i t i s possible to t e s t from 1 to more 
than 30 d i f f e r e n t coating systems on a comparable b a s i s . 

Tests are also used to evaluate the performance of paint, metallizing 
and other protective coatings under specialized environmental conditions. 
For ejcaraple, the top portions of bridges which support either a concrete 
deck or timber railway t i e s are sometimes subjected to a combination of 
abrasion, condensation and brine drippings. An expensive t e s t was under
taken on a Chicago Great Western bridge ( F i g . U) t h i s year, i n which more 
than 20 protective systems were evaluated, including adhesive tapes, metal
l i z i n g , v i n y l s , Neoprene, chlorinated rubber, epoxies and other r e s i s t a n t 
materials. To a considerable extent the r e s u l t s of t h i s t e s t should be ap
p l i c a b l e to highway bridges. 

These t e s t s a l s o i l l u s t r a t e dramatically that the l i f e of the paint 
system i s affected by the amount of sheltering of the surface and by the 
d e t a i l s of design. 

TABLE 1 

YEARS TO FAILURE OF PAINT FILMS ON STEEL IN MARINE ATMOSPHERE 
EFFECT OF COPPER CONTENT 

Surface Primer Pigment 
S t e e l Condition Red Lead^ Zinc Chromate^ 

High strength Hot-rolled 6.5 c 
Low alloy<i 

C1020 Cu " " 5.0 5.0 
( s t r u c t , copper) 

C1020 " " U.O h.O 
( s t r u c t , carbon) 

High strength Cold-reduced c c 
Low alloy<i 

C1005 Cu II It c c 
(copper) 

C1005 It II c c 
(carbon) 

^ TTP86aI. 
^ S i m i l a r to SSPC-Paint 11-55T. 
° Paint f i l m unbroken a f t e r 8 years. 

Cor-Ten. 



DESIGN 
Proper p r o t e c t i o n o f s t e e l s t r u c t u r e s begins w i t h the design o f the 

s t r u c t u r e . Some features which should be e l i m i n a t e d are crevices which 
can n e i t h e r be p r o t e c t e d nor sealed o f f ; pockets on b o l t e d j o i n t s , chan
n e l s , f l a t surfaces and the l i k e where moisture cannot d r a i n p r o p e r l y ; and 
s t e e l i n contact w i t h concrete surfaces i n such a way t h a t a f i r m bond can
not be obtained. 

An i n c r e a s i n g l y l a r g e number of modern highway bridges employ l a r g e 
amounts o f welding i n t h e i r f a b r i c a t i o n or e r e c t i o n . Figure 5 shows a few 
t y p i c a l welded highway bridge s t r u c t u r e s . I n order t o determine the f a c 
t o r s necessary f o r good p a i n t performance over welds, a comprehensive study 
was undertaken by the C o u n c i l , i n which more than 1,100 welded specimens 
were prepared w i t h various combinations of welding rods, surface prepara
t i o n , primer p a i n t s , and s p e c i a l 
pretreatment ( F i g . 6). N. Morgan 
of the Bureau o f Public Roads i s 
chairman o f the subcommittee on t h i s 
study. A f t e r 2 years o f exposure, 
the f a c t o r s which lead t o good p a i n t 
performance over welds have been de
termined and are soon t o become the 
subject of a separate r e p o r t . Good 
p a i n t i n g i s obtained i f any one o f 
several steps i s taken. F i r s t , welds 
made w i t h some electrodes r e q u i r e 
no s p e c i a l treatment. Second, a l l Figure 3. P r o p r i e t a r y p a i n t s i n 
weld slag and other residues should r e l a t i v e l y s h e l t e r e d l o c a t i o n on 
be removed from the weld area by r o l l e d beam deck spans. (One of 3 
sandblasting or by power wirebrush- t e s t bridges near Kansas C i t y . ) 
i n g , i f p r a c t i c a b l e . I f n o t , any 
one of a number of simple surface treatments, such as washing w i t h d i l u t e 
chromic or phosphoric acids f o l l o w e d by a water r i n s e , should be used. 
S u r p r i s i n g l y , washing w i t h p l a i n water i s v e r y e f f e c t i v e over welds which 
have not been p r o p e r l y cleaned. The method o f p a i n t a p p l i c a t i o n appears 
t o have l i t t l e e f f e c t , but there are d i f f e r e n c e s i n the performance of 
various primers. I t i s i n d i c a t e d t h a t the occasional d i f f i c u l t i e s en
countered i n p a i n t i n g over welds are l a r g e l y due t o f a i l u r e t o remove 
small amounts of a l k a l i n e slag deposits caused by the electrode c o a t i n g . 

The designer should avoid p l a c i n g a steel-concrete i n t e r f a c e a t an 
area, such as an expansion j o i n t , where r e l a t i v e motion w i l l occur between 
the concrete and s t e e l , e s p e c i a l l y when moisture or condensation w i l l be 
present. 

To date, i t has not u s u a l l y been economically f e a s i b l e t o help solve 
the bridge p a i n t i n g problem by the use o f c o r r o s i o n - r e s i s t a n t a l l o y s i n 
place of the usual carbon s t r u c t u r a l s t e e l . For some time i t has been 
known, however, t h a t the presence o f small amounts o f copper ( f o r example, 
0.2 percent) g r e a t l y reduced the c o r r o s i o n r a t e o f the bare metal. More 
r e c e n t l y i t i s i n d i c a t e d t h a t a t l e a s t i n some environments, t h i s small 
amount of copper i n the base s t e e l also lengthens the l i f e o f the p r o t e c 
t i v e c o a t i n g f i l m a p p l i e d t o i t . Table 1 shows t h i s e f f e c t of copper con
t e n t upon the l i f e (2 percent o f f i l m ruptured) of 2 types of s t r u c t u r a l 
s t e e l primers. I t also shows t h a t both the red lead and the zinc chromate 



TABLE 2 
SURFACE PREPARATION SPECIFICATIONS 

Specification Subject Contents 

SSPC-SP 1-52T Solvent cleaning 

SSPC-SP 2-52T 

SSPC-SP 3-52T 

SSPC-SP U-52T 

SSPC-SP 5-52T 

SSPC-SP 6-52T 

SSPC-SP 7-52T 

SSPC-SP 8-^2T 

SSPC-SP 9-52T 

Hand cleaning 

Power tool cleaning 

Flame cleaning of 
new s t e e l 
B l a s t cleaning to 
"white" metal 

Commercial b l a s t 
cleaning 

Brush-off b l a s t 
cleaning 

P i c k l i n g 

Weathering 

Solvent wiping, immersion, end 
spraying; vapor degreasing; alk a 
l i n e , emulsion, and steam clean
ing; paint stripping. 
Hand chipping, scraping, sanding, 
and wirebrushing. 
Power tool chipping, descaling, 
sanding, wirebrushing, and grind
ing. 
Flame dehydrating and cleaning 
followed by wirebrushing. 
Nozzle (dry, wet, or vapor) or 
centrifugal b l a s t cleaning using 
sand, synthetic abrasives, crushed 
iron or s t e e l g r i t and shot. 
B l a s t cleaning with removal of 
rust and m i l l s c a l e only to degree 
specified. 
B l a s t cleaning with removal of 
considerably l e s s rust and m i l l -
scale. 
S u l f u r i c , hydrochloric, and phos
phoric acid pickling; duplex pick
l i n g and e l e c t r o l y t i c p i c k l i n g . 
Exposure to weather to remove m i l l -
scale by rusting. Must be followed 
by other cleaning methods. Commer
c i a l b l a s t cleaning recommended. 

primers l a s t e d considerably longer over the high-strength low-alloy s t e e l 
than they did on the C1020 s t r u c t u r a l carbon s t e e l having l e s s copper (9). 

SURFACE PREPARATION 
Table 2 shows the standard surface preparation s p e c i f i c a t i o n s . These 

are, of course, described i n considerable d e t a i l i n the S t e e l Structures 
Painting Manual (2), and i n a previous paper to the Highway Research Board 
by Bigos (U). The f i r s t s p e c i f i c a t i o n , solvent cleaning, removes o i l , 
grease, d i r t and s o i l , s a l t s and residues of contaminants, but does not 
remove m i l l s c a l e . Hand cleaning removes r u s t , m i l l s c a l e and paint that 
are loose, whereas power tool cleaning removes these along with a portion 
of the more adherent m i l l s c a l e , rust and paint. Flame cleaning tends to 
remove some of the ti g h t m i l l s c a l e and to dehydrate the surface before 
painting. B l a s t cleaning to white metal completely removes a l l rust, m i l l -
scale and foreign matter, whereas the commercial bla s t cleaning may leave 
s l i g h t residues of ti g h t m i l l s c a l e and rnist. With brush-off b l a s t clean-



i n g , considerable residues of t i g h t raillscale and r u s t are t o l e r a b l e . 
P i c k l i n g , i f p r o p e r l y done, removes r u s t and m l l l s c a l e completely, and i n 
some operations also passivates the surface. Council s p e c i f i c a t i o n SSPC-
SP9-52T "Weathering," i s a procedure i n which m i l l s c a l e i s removed by a l 
lowing the s t e e l t o r u s t before being cleaned and painted. I t i s recom
mended t h a t weathering be foll o w e d by commercial b l a s t cleaning. 

Hand cleaning i s u s u a l l y most economical f o r small areas where power 
i s not a v a i l a b l e or where the setup time i s excessive. Cleaning i n most 
other cases w i t h a sandblast or power t o o l not only does a much b e t t e r 
job, but i s also l e s s expensive. 

A nimber o f the c u r r e n t SSPC f i e l d i n v e s t i g a t i o n s are concerned w i t h 
the e f f e c t o f v a r i a t i o n s i n surface p r e p a r a t i o n upon primer performance. 
One of these t e s t s , which has j u s t been set out f o r exposure ( F i g . 7), i s 
an e f f o r t t o determine what p a i n t s can give the best p r o t e c t i o n t o inexpen
s i v e l y prepared s t e e l surfaces, even those c o n t a i n i n g some degree of r u s t . 
Each of 60 s p e c i f i c a t i o n and p r o p r i e t a r y p a i n t s was ap p l i e d t o 20 speci
mens i n c l u d i n g sandblasted s t e e l , adherent m i l l s c a l e , descaled-and-rusty 
s t e e l , and hand-cleaned specimens w i t h degrees o f r u s t combined w i t h m i l l -
scale. 

I n a r e l a t e d , but unusual research p r o j e c t r e c e n t l y reported by the 
Council before the American Chemical Society, i t was shown t h a t o r d i n a r y 
i r o n r u s t could be s u b s t i t u t e d f o r commercial i r o n oxide pigment i n v a r i 
ous primer formulations w i t h o u t i n j u r y t o d u r a b i l i t y ( F i g . 8 ) . 

Two other Council t e s t s i n v o l v e shipping f a b r i c a t e d s t e e l unpainted, 
a l l o w i n g the m i l l s c a l e t o weather away p a r t i a l l y on the s t r u c t u r e before 
cleaning and priming. I t has been found t h a t the m i l l s c a l e can be removed 
more e a s i l y a f t e r weathering and t h a t cleaning and pri m i n g can then be 
done j u s t before the usual f i e l d p a i n t i n g . This i s e s s e n t i a l l y a compari
son between Surface Preparations 
No. 2 "Hand Cleaning" followed by 
shop p a i n t i n g i n comparison w i t h 
No. 9 "Weathering" followed by 
cleaning and f i e l d p a i n t i n g . The 
f i r s t such t e s t ( F i g . 10) i s under 
way near Breckenridge, Minnesota i n 
which the f i r s t 3-deck g i r d e r spans 
have been shop primed and the other 
3 spans have been weathered, cleaned 
and p a i n t e d . I n a s i m i l a r compari
son near Rayland, Ohio, each o f h 
d i f f e r e n t primers has been used over 
both hand-cleaned and bl a s t e d sur
faces. Previous work (_̂ ) shows 
t h a t , a t l e a s t i n some environments, 
weathering r e s u l t s i n reduced p a i n t 
l i f e unless fo l l o w e d by b l a s t i n g or 
the eq u i v a l e n t . 

APPLICATION METHODS AND 
PRETREATMENTS 

Table 3 o u t l i n e s the SSPC Pre-
treatment and A p p l i c a t i o n s p e c i f i 
c a t i o n s . Numerous studies have 

Figure U. Some o f the t e s t areas on 
p r o t e c t i o n o f top fla n g e s , Chicago 
Great Western Rwy., Byron, I l l i n o i s . 



Figure 5. Upper L e f t : Prize-winning continuous p l a t e g i r d e r bridge i n Houston. Upper Right: 
One of several hundred welded bridges on N. Y. Freeway. Lower Photos: Curved p l a t e g i r d e r s on 
Kansas Turnpike s t r u c t u r e s (aluminum topcoat over i r o n oxide p r i m e r ) . SSPC t e s t s give added 

assurance o f p a i n t performance over such welded s t r u c t u r e s . 



shown that while pretreatments increase the probability of getting a good 
painting job, an improperly designed surface pretreatment can be worse 
than nothing. This was i l l u s t r a t e d on a t e s t conducted i n cooperation 
with the Association of American Railroads on a New York Central Railway 
bridge, using a proprietary flush-off type of pretreatment. Other work, 
however, has shown that proper pretreatment r e s u l t s i n more consistent re
s u l t s , e s p e c i a l l y i n severe environments. With unweathered galvanized 
s t e e l , pretreatment i s very important. 

TABLE 3 

PRETREATMENT AND APPLICATION SPECIFICATION 
Specification Subject Contents 

SSPC-PT 1-53T Wetting o i l treatment Covers application of wetting o i l s 
to surfaces, from which a l l rust 
and m i l l s c a l e have not been re
moved, to improve adhesion and 
bond of paint. 

SSPC-PT 2-53T Cold phosphate surface Covers application of phosphoric 
treatment acid treatments to passivate s t e e l 

surfaces which have been thorough
l y cleaned. 

SSPC-PT 3-53T Basic zinc chromate Covers application of wash primer 
v i n y l butyral wash- to thoroughly cleaned s t e e l ; im-
coat. proves adhesion and bond of paint; 

reduces underfilm corrosion. 
SSPC-PT i|.-53T Hot phosphate surface Covers hot conversion by zinc or 

conversion iron phosphate solutions to form 
c r y s t a l l i n e surface for improve
ment of paint bonding and reducing 
of underfilm corrosion. 

SSPC-PA 1-53T Shop, f i e l d , and main- Completely covers a l l phases of 
tenance painting paint storage, mixing, thinning, 

application by brush or spray i n 
shop or f i e l d , permissible temper
atures and humidities, drying, and 
protection of painted s t e e l . 

There are considerable differences of opinion on the r e l a t i v e merits 
of application by brush, spray, hot spray, a i r l e s s hot spray, paint r o l l e r , 
cold a i r l e s s spray and dip application. With properly formulated paints 
several spraying methods are used s a t i s f a c t o r i l y . Some structures have 
features which are d i f f i c u l t to cover properly by spraying alone, so brush 
st r i p i n g or brushing following spraying of these areas i s sometimes recom
mended. Labor costs are reduced by cold spraying and s t i l l further by hot 
spraying or a i r l e s s cold spray. Hot spray also claims advantages i n sav
ings of thinner, reduced overspray and heavier films, but requires a proper 
formulation to avoid trapping of solvents or dry spray. The Council i s un
dertaking a spec i a l project i n which the various methods w i l l be compared. 

No matter which method of paint application i s used, proper care i s 
necessary i n order to be sure that the paint i s not under- or overthinned. 
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Figure 6. Test panels f o r determin
i n g best methods f o r p a i n t i n g of 
welds. ( N e v i l l e I s l a n d , P i t t s b u r g h , 

Pennsylvania.) 

Figure 7. Hand-cleaned channel i r o n s 
f o r t e s t i n g p a i n t s on r u s t y s t e e l . 
Two are sand-blasted; two have new 
adherent m i l l s c a l e j two are sand
b l a s t e d and ru s t e d ; f o u r have com
bined r u s t and m i l l s c a l e . 120 such 

sets are exposed. 

t h a t no holidays or gaps are l e f t i n the f i l m , and, most important, t h a t 
the proper f i l m thickness i s a p p l i e d u n i f o r m l y . 

P a i n t i n g i s p r e f e r a b l y not a p p l i e d a t ambient temperatures below UO F 
f o r several reasons: ( l ) p o s s i b i l i t y o f condensed moisture or f r o s t on 
surfaces; (2) t h i c k v i s c o s i t y r e q u i r i n g excessive t h i n n i n g ; and (3) slow
ness o f d r y i n g . Upper a p p l i c a t i o n temperature l i m i t s are not set. P a i n t 
i n g on dew-covered surfaces, p a r t i c u l a r l y on the shaded side of a s t r u c 
t u r e i n the morning, i s t o be avoided. Further work i s i n d i c a t e d t o deter
mine what upper l i m i t , i f any, should be set on humidity during p a i n t i n g . 

Safety requirements are l i s t e d I n each s p e c i f i c a t i o n and provide a 
valuable c h e c k l i s t o f precautions against t o x i c m a t e r i a l s , f l a s h f i r e s , 
and the l i k e . 

PRIMERS AND PAINT SYSTEMS 
A summary of the SSPC s p e c i f i c a t i o n primers i s l i s t e d i n Table h. 

Table 5 i s a l i s t o f the SSPC p a i n t systems, which include recommended com
b i n a t i o n s o f surface p r e p a r a t i o n , pretreatment, primers, intermediate and 
top coats. The p a i n t systems provide a very wide choice of primers s u i t 
able f o r i n d i v i d u a l requirements. I n Table 5, however, only one o f the a l 
t e r n a t i v e s i s l i s t e d f o r each system. 

Paint systems are a p p l i e d t o s t r u c t u r a l s t e e l f o r both p r o t e c t i o n and 
appearance. The the o r y of c o r r o s i o n and i t s p r e v e n t i o n , described i n V o l 
ume 1 of the Council's P a i n t i n g Manual, w i l l not be repeated here. B r i e f 
l y , f o r c o r r o s i o n o f s t e e l t o take place, both oxygen and moisture must be 
present, together w i t h minute e l e c t r i c a l p o t e n t i a l d i f f e r e n c e s which are 
u s u a l l y present i n the surfaces themselves. P r o t e c t i v e coatings may pre
vent c o r r o s i o n by s e t t i n g up a p a r t i a l b a r r i e r t o the passage of moisture 
and oxygen; u s u a l l y , however, they also p r o t e c t by one or more of the f o l -
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lowing additional means: pigmentation to set up a corrosion-inhibiting 
f i l m on the metal surfacej s a c r i f i c i a l pigments (such as zinc) which are 
used up e l e c t r o l y t i c a l l y as they protect the s t e e l j e l e c t r i c a l l y insulating 
films; films r e s i s t a n t to oxidation and chemicals. 

TABLE k 
SSPC PRIMEEiS 

Approx
Approx. imate Dry Minimum 

Primer Pigment Pigment Vehicle Set to through Sxirface Prep. Pigment 
(jibyWt.) Solids Touch (hr) Recommended (jibyWt.) Solids 

(hr) 

SSPC-Paint 1-55T Bed lead 100^ 77.5 Ifew linseed 6 72 Band, deanlog 

SSPC-Paint 2-55T ^ lead. 73<f, 75 
Iron oxide 25^ 

SSPC-Paint 5-55T Bed lead 75̂ 6 
Iron oxide 25^ 

SSPC-Paint li~55T Hed lead 73$ 
Extender ^ 

SSPC-Paint 5-55T Zinc dost 8056 
Zinc oxide 20^ 

SSPC-Paint 6-55T Iron oxide 67^ 
Red lead 2U^ 
Extender 9f> 

SSPC-Paint 7-55T Zinc dust 30fi 
Zinc oxide SO^ 
Iron oxide 30f> 

SSPC-Paint 
SSPC-Paint 

8- 55T Aluminum lOOf, 

9- 55T 

75 

63 

75 

60 

65 

6.7 

Titanium dioxide 12 
100^ 

SSPC-Paint 10-55T Zinc yellow 55^ 
Red lead 2.3'f> 
Iron oxide 30?6 
Extenders 52.5̂ ^ 

SSPC-Paint 11-55T Iron oxide kOf, 50 
Zinc yellow ItOjt 
Extender 2056 

SSPC-Paint 12-55T Inorganic f i l l e r 
SSPC-Paint 15-55T Iron oxide 6af> 55.5 

Red lead 12^ 
Zinc yellow % 
Mg. silicate 25?t 

o i l 
Raw linseed h 
o i l (2 parts) 
A3iyd varnish 
(1 part) 
Fractionated 
linseed o i l 
Raw linseed & 
Bodied Unseed 
o i l 
Phenolic var- 2 
nish 
Phenolic var- k 
nish 

Phenolic var- 2 
nish 

Vinyl 
Vinyl 1/h 

Phenolic var- h 
nish 

Haw linseed 
o i l 
A3iyd varnish 
(equal pts.) 

Asphalts 
Tung o i l ester 
gum varnish 
Raw & bodied 
Unseed o i l 

Zh Band cleaning 

Zh Band cleaning 

2h Band cleaning 

Blast cleaning 
or pickling 

12 Blast cleaning 
or pickling 

6 Blast cleaning 
or pickling 

1 Blast deeming 
1/2 Blast cleaning 

20 Baxs6. cleEuilng 

2h Hand cleaning 

72 Blast cleaning 
8 Htmlnal 
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I n each instance, however, a f i r m bond must be obtained between the 

metal and the coating. I f the metal i s at a l l rusty the paint vehicle i s 
required to have a high degree of wetting a b i l i t y , such as that obtainable 
by raw linseed o i l . Unfortunately, many of the best wetting vehicles do 
not have outstanding moisture resistance or chemical d u r a b i l i t y . For t h i s 
reason, various types of treated o i l s and oil-synthetic vehicle combina
tions have been used as compromises. I n addition, i t may also be possible 
to combine the w e t t a b i l i t y of o i l base paints with the d u r a b i l i t y of syn
thetics by the use of an additive to the synthetic paint. To date, no 
spectacular results have been noted through the use of additives, but the 
Council i s following the evaluation of several of these i n the hopes that 
such a combination w i l l be obtained, A test involving several hundred 
fabricated panels, with r i v e t s , welds and crevices, has been set up (Fig. 
9) s p e c i f i c a l l y to evaluate the effect of additives i n phenolics, alkyds, 
epoxies and other synthetic types of paint. These tests have not been un
der way long enough f o r conclusive results to be obtained. Another test 
being followed by the Council involves painting of a large Crane Runway in; 
Pittsburgh to evaluate the effect of a wetting o i l type of pretreatment. 
To date, no advantage i s apparent as compared with the use of a prime coat-
i n place of the pretreatment. 

A fast-drying, poor-wetting synthetic paint should not be used over 
a poorly cleaned steel surface. Such a poor combination can easily be 
avoided, either by specifying thorough surface preparation (with inspec
ti o n ) or by specifying, as a second best, a raw linseed oil-based paint 
with i n h i b i t i v e pigment applied over hand-cleaned steel. 

Another combination to be avoided i s the use of a hard-surface phenol
ic primer with too long an i n t e r v a l between the application of the f i r s t 
and second coats. The Manual recommends addition of cellosolve or the 
equivalent to the delayed coat, especially f o r water limmersion application. 

Figure 8. Exposure of l6 paints i n 
which rust was substituted for com

mercial i r o n oxide. 

REPAIWTIWG PRACTICE 
Spring i s the customary time 

for the annual inspection of highway 
bridges. At t h i s time the effect of 
ice, de-icing salts and other winter 
damage can be assessed i n time for 
repairs and painting the following 
summer. Special attention should be 
given to points subject to dampness, 
condensation and drainage, and i n 
pa r t i c u l a r to r i v e t heads or points 
adjacent to masonry. 

Table 6 i s a very general guide 
to a decision on whether to touch 
up, completely repaint, or otherwise 
repair the painted surface. This 
decision also depends on how the 
surface was o r i g i n a l l y prepared. I f 
the primer i s of a contrasting color 
with the topcoat, as i t should be, 
incipient f a i l u r e s become more appar
ent. I t i s poor economy to l e t the 
paint deteriorate to a point where 



TABLE 5 

TIPICAL SSPC PAINT SYSTEM ALTERNATIVES 

SSFC Paint 
PS ^stem 

Hinloun 
Surface Prep. 
Reoonmended 

Pre-
Trmt 

P r l w r 

(Alternate) 

Second Coat 

(Alternate) 

Third Coat 

(Alternate) 

1 O i l base Hand Cleaning None SSPC-Palnt 1-55Tj SSPC-Paint Ip-^ST} Standard Aluminum 

3 

U 

6 

7 

8 

Alkyd 

Phenolic 

Vinyl 

For hand-
cleaned 
water 
immersion 

For 
vessels 

For mild 
e^qposure 

Rust pre
ventives 

Bituminous 

Blast Cleaning 
or Pickling 

Blast Cleaning 
or Pickling 

Blast Cleaning 
or Pickling 

Blast Cleaning 
or Pickling 

Unpalnted sur
faces requir
ing protection 

None 

None 

Wash 
Primer 

Hand Cleaning None 

None 

Hand Cleaning None 

None 

Blast Cleaning None 
or Pickling 

TT-P-86a Type I I I 

TT-P-86A Type IV 

MIL-P-15929 A 

SSPC-Palnt 10-55T 

TT-P-86a Tirpe I I I 

TT-P-86a lype IV 

HIL-P-1$929 A 

SSPC-Paint 10-55T 

Aluminum Alkyd 

Aluminum FhenoUe 

SSPC-Palnt 8-55T 

Aluminum Phenolic 

OSMA 52 MA-UOla Tjrpe 1 USMA $2 MA-UOla Type I I DSMA 52 MA-UOla I 
Fourth Coatt (USMA 52 HA-l(03a, Antifoulii«) 

SSPC-Paint 13-55T None 

USMA 52 HA-602a Type B None 
(Rustproofing Compound) 

SSPC-Palnt 12-55T None 

None 

None 

None 

H 
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TABLE 6 

ROUGH GUIDE FOR REPAINTING 

Degree of Rusting or Area Exposed Cleaning and Painting Recommended 

No rusting 

Slight rusting i n localized areas 

2% to 
areas 

Over ^Q>% 

rusting i n localized 

Where there i s large area of sound 
adhering paint, which i s not too 
thi c k to be detrimental 

Solvent clean i f necessary. Apply 
1 or 2 coats of f i n i s h paint, de
pending upon conditions. 
Spot clean and spot prime. Apply 1 
or 2 over-all coats of f i n i s h paint 
as necessary. 
Spot clean and spot prime. Apply 1 
over-all coat of priming paint, and 
1 or 2 coats of f i n i s h paint as 
necessary, | 
Remove as much old paint as i s 
pra c t i c a l . Apply 2 priming coats 
and 1 f i n i s h coat, or 1 priming 
coat and 2 f i n i s h coats as neces
sary. 
Spot clean bad areas. Apply enough 
coats of rust i n h i b i t i v e primer 
over these areas to bu i l d them up 
to a satisfactory l e v e l , then 1 or 
2 over-all f i n i s h coats. 

Figure 9. Testing additives to synthe
t i c resin paints—designed to combine 
wetting with d u r a b i l i t y . Fabricated 
panels have r i v e t s , crevices and welds. 

Figure 10. Three spans of t h i s 
deck girder bridge were shop 
primed. The other three were 
weathered nine months before 

being cleaned and painted. 
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rust shows at a l l , or p a r t i c u l a r l y , as shown In Figure 11, to a point 
where extensive surface preparation i s required. Due to the high cost 
of surface preparation, the t o t a l cost of repainting i n such a case i n 
terms of dollars per sg f t here I s InvEtrlably higher than i f painting I s 
c a r r i e d out at more timely I n t e r v a l s . 

TABLE 7 
TABLE OF CONTENTS, VOL, 1 

STEEL STRUCTURES PAINTING MANUAL 

Chapter Title Author 

1 Simplified Theory of Corrosion F, N. Speller 
2 Mechanical Surface Preparation A. J . Liebman 
3 Chemical Siurface Preparation F. P. Spruance, J r . 
U Practical Aspects, Use, and Application of 

Paints 
A. 
J . 

J . Elckhoff and 
Bigos 

5 Inspection F. 
J . 

V/. Shanks and 
L. Rohwedder 

6 Quality Control of Paints J . B. Gamer 
7 Coaqparative Costs L. Adams 
8 Shop Painting of Steel i n Fabricating Plants J . Jones and J . Bigos 
9 Painting of Railroad Bridges and Structures M. A. Roose 

10 Painting of Highway Bridges and Structures E. 
N. 

L. Erickson and 
W. Morgan 

11 The Painting of Steel Vessels for Salt Water 
Service 

R. P. Devolty 

12 The Painting of Steel Vessels for Fresh Water 
Serrice 

A. J . Ilebman 

13 The Painting of Steel Tanks J . 0. Jackson 
Hi Painting of Steel i n Hydraulic Structures R. 

G. 
F. Blanks and 
E. Burnett 

15 Protection of Pipelines and Other Under
ground Structures 

N. 
F. 

Pelfer and 
Costanzo 

16 Painting of Industxdal Plants 
Section I . Water and Sewage Wozks 

Structures 
w. T. McClenahan 

Section H. Maintenance Painting of 
Steel and Coke Oven Plants 

s. C, Frye 

Section m. Petroleum Refineries R. 
L. 

S. Freeman and 
L. SUne 

Section IV. Chemical Plants s. W. Shepard 
Section V. Color i n Industrial Plants s. W. Shepard 

17 Metallizing A. P. Shepard 
18 Causes and Prevention of Paint Failure 0. W. Seagren 

Glossaxy and Index 
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STEEL STRUCTURES PAINTING MANUAL 

This Manual consists of 2 volumes, the f i r s t of which i s a p r a c t i c a l 
encyclopedia of economical and satisfactory painting methods. Some idea 
of the scope of t h i s volume can be obtained from Table 7, which shows a 
condensed Table of Contents. Volume 1 contains a separate chapter on the 

painting of highway structures, i n 
cluding the factors involved i n var
ious environments, types of struc
tures, labor considerations, paint 
l i f e expectancy obtained, etc. Vol
ume 2 has been discussed. I t i n 
cludes the paint systems which give 
good results i n various applications 
as well as an indexed guide to the 
selection of suitable systems for 
various types of structures and ex
posure conditions. I t contains de
t a i l e d specifications which have 
been widely adopted throughout the 
world for surface preparation, pre- . 
treatment, paint application, paint 
formiilations and paint systems. For 
contract purposes the individual 
specifications may be referred to 
SSPC number only, or they may be i n 
cluded i n whole or i n part i n the 
over-all construction specifications. 
They are also well integrated with 
AASHO specifications. 

Figure 11. Painting has been de
ferred too long on t h i s through g i r 
der f o r most economical maintenance 

painting. 

CONCLUSION 
A knowledge of the best materials and methods presently available f o r 

painting of steel structures, as presented, for example, i n the Steel 
Structures Painting Manual, can contribute much to the appearance, l i f e 
and low maintenance of highway bridges. In addition, however, i t i s man
datory that Improved specifications and new experimental work be continued 
in order to take advantage of the vast amount of development work by coat
ings manufacturers and associated Industries. Much work of t h i s kind re
mains to be done. | 

F i r s t , new coatings, products and methods must continually be evalu
ated. Secondly, special applications such as painting of welds, protec
t i o n of load-bearing surfaces, salt-resistant finishes, etc., must be i n 
vestigated. Thirdly, further information i s s t i l l needed on such basic 
questions as painting of hand-cleaned steel, protection of millscaled or 
rusty surfaces, economics of maintenance painting and d u r a b i l i t y versus 
application method. 

Most of the structural steel painting studies carried out by the Coun
c i l i n cooperation with other Industries are equally applicable to highway 
bridge painting. Continued cooperation, therefore, between highway engi
neers and the Council w i l l r e s u l t i n both improved research and better 
highway structiires. 
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