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Foreword 
This RECORD contains six papers which should be of interest 
to highway materials, bridge, maintenance, and traffic engineers. 

The Tator paper will be of special interest to the bridge 
maintenance engineer as well as the construction engineer in 
that the "dos" and "don'ts" to be followed in obtaining a good 
bridge paint job are clearly pointed out. Tator considers that 
by far the greatest factors causing the premature failure of 
bridge paints are substandard surface preparation and deficient 
paint thicknesses . He feels that present specifications and ma
terials are adequate, but inspection needs improving. He also 
points out that zinc fortified protective systems have an ad
vantage over currently used barrier paint systems. 

Watson explores another area of bridge maintenance and 
points out that causal relationship between certain identifiable 
types of bridge expansion joint distress and ineffective sealing 
practiceshasled tothe recent development and use of a number 
of interesting new sealing systems utilizing the compression 
principle. The paper contains many examples of bridge joint 
deterioration and develops performance criteria for an expan
sion joint sealing system. The paper contains examples of cur
rent sealing solutions and systems both in the United States and 
Europe. 

Bridgefarmer and his associates have reported on the design 
and fabrication of an all welded rigid frame fabricated of A 514 
steel for use in a railroad overpass. Unique in this paper is the 
timely description of the character of A 514 steel and of the 
welding processes used during the fabrication of the structure. 
Descriptions of the processes, procedure qualification, testing 
and inspection are included. 

The Estrada paper describes a progressive series of test 
applications of polyester road and bridge surface overlays. The 
applications were in a variety of climatic and traffic situations. 
All of the applications were not successful, but they have led to 
the development of a system that shows good promise for ap
plication in freeze-thaw areas . Of especial interest are com
parisons of the polyester and the epoxy systems. Estrada feels 
that the low cost of polyester resins should be given more con
sideration by maintenance engineers. 

Haviland and associates provide corrosion and abrasion data 
from a thorough inspection of steel culverts throughout New 
York State with 2 to 35 years of service, and in addition, a 
limited amount of data comparing aluminum and steel culvert 
service life. Recommendations as to coating and invert paving 
are made and a statistical method for estimating material loss 
for application within a relatively narrow and mild corrosion 
area is offered. 

Rector and Youngblood describe a photometer for use in the 
measurement of reflex-reflective sign materials. The photom
eter is proposed as a replacement of the dark tunnel method of 
testing such materials. The test data are statistically analyzed 
and show correlation at a high confidence level with both the 
classic darkroom method and visual observations. The bench 
photometer is described along with modifications to a portable 
device for possible use in the field. 

-J. L. Beaton 
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Painting of Highway Steel 
KENNETH TATOR, Kenneth Tator Associates, Coraopolis, Pa. 

Experiences of the author in 18 years of "trouble-shooting" 
premature paint failures on highway steel are presented. 
Causes of such failure, and recommendations for their pre
vention are fully discussed. 

By far the greatest factors causing premature failure of 
highway painting jobs are substandard surface preparation and 
deficient paint thicknesses. In general, present specifications 
and materials are adequate, but inspection should be improved. 
Greater benefits will accrue from greater attention to inspec
tion procedures than from current activities of paint testing. 

Material testing and painting advisory services could be 
most economically and effectively performed by a central 
agency, supported by, and serving all states and authorities. 

Zinc-fortified protective systems have advantage over cur
rently used barrier paint systems. Traditional painting pro
cedures should be discontinued, and painting conducted at cen
tralized locations prior to erection. 

•OF COURSE, everyone knows all about painting. Everyone: each paint salesman, 
any painting contractor, each specification writer, any engineer (and his wife)is a paint 
expert, and continue to be so until the first premature failure occurs, at which time all 
disappear, or disclaim any responsibility. 

In presenting this paper, we must admit that we do not know painting of highway 
steel in its proper perspective. We, as painting consultants, are always called in 
when the experts have vanished, and are belatedly asked to determine who must be sued 
because of what negligence caused the now increasing failure, what should be done to 
repair it and who should pay for such repairs. Consequently we have never seen a 
good highway paint job, although I am assured that thousands exist. We have however 
acquired considerable expertise in what causes failures. 

During these many years we have been compiling a dictionary of highway engineering 
phraseology: 

When one says: We have learned that it means: 

l. The fabricator must have applied l. The specification did not call 
the primer over dirt and soi loge. for, or inspector did not insist 

on mill scale removal. 

2. The fie Id painting contractor did 2. The specification for shop prim-
not properly assess the amount of ing did not call for enough 
spat repair of the shop prime, at thickness, and regard less, not 
the time of bidding and hence is enough was applied. 
coming in for an extra. 

3. The painting was done according 3. This is how it shou Id have been 
to these specifications. done. We are not sure what 

was done. 

Paper sponsored by Committee on Coatings, Signing and Marking Materials and presented at the 47th 
Annual Meeting. 
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Let us follow through the painting history of a typical new bridge as I, a painting
oriented sidewalk superintendent, have experienced them. A major bridge was select
ed for this example because such bridges represent the maximum in engineering atten
tion and supervision. 

Specifications for the painting are written, and they are good specifications-result
ing from much study, borrowing from past specifications, and consulation with paint 
suppliers. Oh to be sure, any specification can be criticized for minor ambiguities and 
impracticalities, which usually only show up as the job progresses. 

The specification is sent out for bids. The shop priming is usually bid as part of 
the fabrication contract. The contract for fabrication is awarded, and fabrication pro
ceeds. 

SHOP PRIMING 

The business of a fabricator is steel fabrication; this is his specialty, and he knows 
it well. Surface preparation and shop priming after fabr ication are only a nuisance to 
him; slowing up the flow of work through his shop and yard. He cannot justify, or find 
time to keep pace with the advancing technology of paints and painting. 

Surface preparation and shop priming operations are left to the judgment of the shop 
painters themselves. These are usually low-paid workmen; the bottom of the crafts. 
Their entire experience in painting is one of pressure: Get the steel painted and out of 
the shop! They. have little opportunity, and no great interest in following the technology 
of painting. In some few instances, we have found them using wet thickness gages, but 
dry film gages and other control instrumentation are virtually unknown to them. They 
do not measure resulting dry thicknesses; the steel has been moved out into the yard by 
that time. They expect the inspector to tell them whether the thickness is up to speci
fication; you can imagine what happens if there is no inspector! 

If hand cleaning is called for, each will carry a wirebrush in his back pocket (where 
it usually stays), but can be seen diligently "removing" spots of oil drippage by smear
ing it around with a rag now well soaked with oil. If sand blasting is called for, they 
will scour off all loose dirt and scale in a big cloud of dust. 

After such "surface preparation" the primer will be sprayed on until the steel shows 
the uniform color of the primer. 

This is typical shop surface preparation and priming. 
However, let us not be too critical of the fabricators and their personnel. The aver

age shop painter never does see the specifications, and probably l;ould not widersta.nd 
them if he did. Shop management recognizes and directs that either sand blasting or 
hand cleaning is called for, and the paint material to be used. Shop management does 
not have the background nor the time to learn the differentiation between "white, " "near
white," and the various interpretations of "commercial" blast. He quite reasonably 
anticipates that the owner's engineer or inspector will instruct him and his painters in 
the requirements as the job progresses. He is quite prepared and willing to make such 
adjustments and changes. In the total cost of fabrication, the cost of the painting will 
neither make or break him. Just do not hold up the flow of work! 

SHOP INSPECTION 

So that all-important man to priming quality appears: the owner's engineer or in
spector. As the principal work conducted at this shop is fabrication of structural 
shapes, this man has been selected to be knowledgeable and observant of quality of 
weldments, positioning of gusset plates and other joint assemblies, accurate dimen
sioning of the shapes, and sufficient masking of faying surfaces to insure an adequate 
amount of rust on these surfaces for high-tensile bolting. 

It is true that he has been given the extracurricular responsibility of inspecting the 
quality of shop priming; and in fact has come equipped with some type of dry thickness 
gage, with which he occasionally makes some desultory passes at painted steel which 
may be close by. 

He has not been instructed in the interpretations and limitations of these instruments, 
however. He does not know that readings of spring-loaded gages will gradually tend to 
read higher than the true value due to vibration of the steel and spring elongation with 
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use, nor that magnetic flux gages will give inaccurate readings when measurements are 
taken too close to an abrupt change in direction of the steel. On balance, these gages 
in their usual improper use will give readings on the high side, and the inspector will, 
in confidence, pass work at typical subspecification prime thicknesses of ¾ to 1 mil. 
After all, the inspector can be complacent about his lackadaisical attitude toward the 
painting. Dosen't the field painting specification call for repair of any deficiencies in 
the prime coat? No permanent harm will be done. Let the field inspectors, who should 
be more knowledgeable in paint technology take over: 

As a result, the steel fabricator and his painters continue their traditional bad prac
tices in honest and full confidence that they are fully meeting the specification. The 
primed steel moves out to the erection site. 

FIELD PAINTING 

In the meantime, bids for field painting are taken-normally spot repair of prime 
plus three field coats. It must be appreciated that painting is normally awarded strict
ly on a competitive basis. The major·ity of painting contractors are responsible,knowl
edgeable firms, but there are always a certain number of "gypsies" on every bidding 
list. 

These gypsies have learned from past experience the probabilities of any specifica
tion being actually enforced in the field and bid the job with the expectation of relaxing 
the requirements to the fullest; too often the requirement is only that the bridge be of 
specified color. It they are at times surprised by an insistent inspector, they have 
lined up a list of claims for "extras. " If a few of these many claims are allowed, they 
usually can make out. 

Reputable contractors can assume or know that they will be bidding against one or 
more of these gypsies. They can bid the job fairly and never get an award, or stay in 
business by skinning their bid to a no-profit, marginal quality level, and hope to make 
out by subsequent award of some high margin or "cost-plus" extras. Whichever way 
the award goes, marginal painting quality is the best that can be expected. 

Bidding for field painting is made. Some bidders may have availed themselves of 
the opportunity of seeing some of the recently delivered shop primed steel, and esti -
mated the amount of spot repairing of the prime which will be necessary. Other bid
ders will just assume a figure. 

The field painting contract is awarded, and the painters start spot cleaning and spot 
priming any failure in the shop prime, barely having time to do this before the steel 
workers start the erection. A second field crew follows the erectors, applying the first 
field coat, for which the average thickness is found to be 1 mil, as will be all subse
quent field coats. If this is a major bridge project, the inclement months of late fall, 
winter and early spring will interrupt all painting activities. 

It is after this winter and early spring that the field painting contractor presents his 
claim for extras on the basis that he is now required to do more spot priming than he 
observed and bid upon the previous year (Fig. 1). His contention is, and the evidence 
is convincing to the owners, that the increasing prime failure is due to inadequate 
cleaning of the metal in the fabricator's shop, and that his extras should be back
charged to the fabricator. He is careful not to call attention to the fact that the prime 
thickness is thin, as this might call attention to the fact that his own field coats may 
also be thin. 

The prime ranged between 1/2 to 1 mil. The first field coat, where applied, brought 
the thickness up to only 1 ½ to 2 mils. It has been proved by Pierce (1), and indepen
dently confirmed by others, that a minimum of 5 mils is required for -protection in any 
but the mildest exposures (Fig. 2 ). 

After fabrication, the steel was sent to the fabricator's yard, shipped, placed in 
the steel yard at the site, and subsequently erected before the first field coat was ap
plied; a period varying between six to nine months of exposure to weather, which al
most invariably includes a long wet winter and early spring. 

The contractor is right in that the prime has progressively worsened during this ex
posure time, and most noticeably after the winter season. Failure was accelerated by 
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Figure l. Failure of shop prime at erection site. 

any deficiencies in surface preparation, by high prevailing humidity of water crossings, 
by adjacent industrial or chemical fume sources, and by underlying mill scale. 

The extra is allowed and back-charged to the unhappy fabricator. The field painting 
contractor is now beginning to improve his original narrow or nonexistent margin. 
Even though he did estimate a nominal amount of spot repair of prime, he can now back
charge all spot repair to the fabricator on a profit-assuring cost-plus basis. 

Thus, the field painting proceeds to completion, averaging 1 mil per coat, and a 
1-nl-nl fin1·~b<>d thu·ctcnes"' ,...,, 311 1-n ;l ~H~• 1,..~~ H •h" C"-t-nnl-n- rl nc1"dn~ n~rl -&-:on· rln n~~n-.. v ... u.a. .. .-:JI \;,- . u V.I. / 'l. .. v ... ,U,.1.L.LQ' .L'-'1,;;Jt,,~ .I..L I. y v•.1 .a. QA,1,V.L u.v '-'.-:JI Q.J.J.U JJ.j UC vppu.a. -

tunity to skip a coat. With luck this thickness will be sufficient to delay failure until 
the bridge is accepted by the state or authority, after which their maintenance depart
ments had better be prepared to build up the deficient thicknesses. 
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Figure 2. Five mi Is of paint is required for protection. 

During this field painting pe
riod, the contractor will succeed 
in picking up enough high- margin 
extras for having to cope with 
real or alleged application de
ficiencies of the specified paint, 
damage by other crafts, and work 
unanticipated at the time of the 
bidding to keep him in his Cadil
lac and hunting lodge . 

PAINT MATERIALS 

In the preceding examples, no 
darts have been thrown at the 
paint material or its manufactu
er, even though we may have been 
hard on the fabricator and painting 
contractor. Although there cer
tainly have been instances of 
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poor paint selection, and paint materials inadequate in application characteristics and 
durability, these are relatively rare. 

Certainly gypsies do exist in the paint manufacturing field. However, the nature of 
paint manufacturing is such that these are easily distinguished from the long-establish
ed reputable firms, if only by size and financial reports. On a major project few spec
ifying engineers would care to take the responsibility of specifying materials from any 
but reputable manufacturers. True the specification may not specifically mention the 
manufacturer's name nor his product, but the specification writer is careful to see that 
the material description is such that only favored companies readily meet it. 

Many highway engineers consider painting a necessary evil-an unavoidable repeti
tive cost of highway maintenance. They have found that in spite of exuberant claims of 
paint manufacturers there is very little difference in performance of one manufacturer's 
paint to another; each requires about the same cost for initial painting, and substan
tially the same frequency of repair and repainting. Thus to them paint is paint, to be 
selected primarily on the basis of cost or personal or political favoritism. 

This is certainly true when the painting application is exposed for prolonged periods 
to wet, humid, or industrial exposures at protective thicknesses below 5 mils, or when 
painted over mill scale or soilage under or between coats. Under these conditions, the 
paint will perform little better than the worst. 

Differences in paint quality only become apparent when applied over surfaces of ade
quate cleanliness, and when protective thicknesses equal or exceed 5 mils (3 to 4 mils 
in the case of zinc protection). 

Paint materials may be broadly classified into two groups: barrier and galvanic 
protectives. 

Barrier Coatings 

Barrier protectives are those with which everyone is familiar, those which every
one has been using in the past, and those which continue in general use today. 

Figure 3. Failure will spread from breaks or holidays. 
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They protect by interposing a barrier film between the corrodible steel and the cor
rosive environment. As we have learned by such experiences as trying to sleep in a 
tent on a rainy night, a barrier is only effective as long as there are no pinholes, 
breaks, or weaknesses in it. At any such inadvertent discontinuities in the barrier, 
corrosion will start and if not discovered and sealed in by spot repair, will proceed by 
prying and undercutting to progressively destroy the entire paint protection (Fig. 3). 
Thus establishment and maintenance of an unbroken barrier film is essential to the 
success of these types of coatings. In order to maintain barrier continuity they must 
be applied in multiple coats, and to a minimum protective thickness of 5 mils. 

Good exterior alkyds have proved their ability for nonmarine, nonindustrial expo
sures; phenolics and vinyls for marine, humid water crossings and occasional water 
immersion; phenolics, vinyls and epoxies for marine, and for industrial and chemical 
fume exposures, and for resistance to road salt. These are all barrier type of pro
tectives and structures must be kept well painted in order to seal discontinuities caused 
by mechanical injury; ::ihr::ii:;inn; or impP.rfP.r.t ::ipplir.::ition. 

Galvanic Coatings 

Galvanic coatings, while not new, are only recently being given renewed attention 
for highway steel. In their oldest form these are hot-dip galvanize, and more recently 
zinc-rich coatings (Fig. 4). 

Zinc-coated steel in the presence of an electrolyte (supplied by the weather) creates 
an electric battery, in which the zinc is the anode and corrodes, so generating an elec
tric current, which protects the steel from corrosion. By this galvanic protection, so 
well proven by the protection of buried pipelines or elevated water tanks by cathodic 
protection rectifiers or anodes, small discontinuities or base steel exposures can be 
tolerated and protected. The establishment and maintenance of a continuous film, al
though desirable, is not required. However inasmuch as protection is electrical, it is 
essential that there be no insulating films between the zinc coating and the steel; thus 
the requirements for surface preparation are more rigorous than for barrier types of 
coatings. 

Figure 4. Galvanized guardrai Is. 
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Figure 5. Zinc protection varies with the exposure. 

Zinc in the form of galvanizing is an 
interesting alternative to painting. Gal
vanize has the advantage that application 
is by immersion and hence each struc
tural piece is completely coated, with no 
holidays or pinholes. Even faying sur-
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Figure 6. Zinc-rich is a coating of zinc-more 
than 80 percent zinc. 

faces are coated, although it is my bet that research will show that zinc coating of these 
contact surfaces will be acceptable, and even desirable. Applications are made in the 
galvanizing plant under controlled conditions. 

Galvanizing basically protects by galvanic action hence any base steel exposed by 
mechanical injury will be protected by electro-galvanic means until the zinc is depleted. 
In rural and neutral humid or wet exposures, the life of galvanize alone can be from 10 
to 20 years, but will be uneconomically short in many industrial (particularly chemi
cal) exposures, and will be shortened by road salts (Fig. 5). Wherever the latter ex
posures are anticipated, it is recommended that galvanize be overcoated with a barrier 
type of coating, being sure however to interpose a galvanize primer. The one disad
vantage of galvanize is that galvanize protection cannot be economically renewed, it 
being practical only for fabricated pieces before erection. 

Rather recently the solution to this disadvantage has become available: zinc-rich 
coatings. These are zinc in metallic powder form, with only sufficient binder or "glue" 
to hold the zinc particles in contact with each other and on the surface, and to render 
its application possible by conventional painting equipment (Fig. 6). Thus it is possi
ble to apply or renew galvanic protection by painting. This method of zinc application 
does not have the limitations of size of galvanizing vats which restrict galvanizing of 
long pieces, and galvanic protection may be installed or renewed on any erected struc
ture at any time. Like galvanize, it can serve as the sole one-coat protective in rural 
and neutral humid exposures, and like galvanize should be barrier coated in more ag
gressive exposures. 

Thus by the use of zinc-rich coatings, one or two-coat applications are possible, in 
place of the four-coat systems specified today with barrier coatings. Such possibilities 
make these zinc fortified protectives competitive in application costs with conventional 
barrier systems, in spite of their higher material costs and more rigid surface prep
aration requirements (Table 1 ). 
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TABLE 1 

APPLIED COSTS* 

Item 
One Coot Two Coat Four Coat 
z;nc-Rich Z-R Topcooted Conventiono I 

Miscellaneous 5.5 5,5 5.5 

Surface preparation 26.0 26.0 18.0 

Application 3.1 6.2 10.0 

Material 8,6 11.6 10.0 

Total applied cost 43.2 49.3 43.5 

*Cents per square foot, based on average costs of fie Id painting as deter
mined by T60-1 of Notional Association of Corrosion Engineers ~). 

With the increasing, and well-ad
vised trend of engineers specifying 
blasting for even conventional barrier 
systems, or where blasting is per
formed anyway for betterment of welds, 
no justification remains for not using 
zinc protectives, as the respective 
costs will be as follows: one-coat, 
zinc-rich-43.2; two-coat, Z-R top
coated-49. 3; four-coat, conventional-
51. 5. 

However these costs are of princi
pal significance only to the prime con
tractor; more important is the savings 
in subsequent maintenancy by the high 
way department or authority. 

Figure 7 shows relative performances to first rust appearance of zinc coatings a
lone, conventional barrier paint systems, and a barrier topcoated zinc in high humidity
salt exposures, common to river crossings in the northern climates. There is syner
gistic increase in maintenance-free life of zinc which has been topcoated with a bar
rier coat (comb); resulting in annual maintenance costs only 20 percent of that required 
for currently used barrier systems. 

While these advantages are impressive enough, there is more-the initial paint ap
plication is a zinc- rich coat in place of the present shop prime. This single coat is 
more resistant to damage by handling and erection than conventional shop primes, and 
possesses the ability to protect over the inclement winter months (in fact several win
ters); its performance will in fact be improved by such weathering. Thus, reduction 
in the cost of field spot repairing will be an added savings. 

In the use of zinc coatings, it is imperative that surface preparation be of good qual
ity, and that coating applications be up to a 3-mil minimum. It should also be cautioned 
that there is no such thing as a "zinc-rich paint." Unlike hot-dip galvanize, many vari
ations of zinc-rich coatings are available, each useful for certain applications and ex
posures. Be sure to select that formulation best suited for your use. 

INSPECTION 

I hope that it is now clear that without doubt the greatest cause of premature paint 
failure on highway steel is caused by inadequate surface preparation and deficient paint 

thicknesses. These deficiencies are 
usual, in spite of the fact that the paint
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ing specifications called for and defined 
qualities which would insure durable 
protection. What happened? 

Would you hire a blind man as a 
paint inspector? Sure you would! There 
is no point in ducking the responsibility'. 

In many cases the fabricators or 
contractors do not realize that they are 
doing a defective job. They are doing 
your job just as well as you have al
lowed them to do it in the past. It is the 
owner who has created abuses, by tra
ditional lack of insistence in the field 
on quality application-not the fabri
cator nor the painting contractor. It 
can only by corrected by universal in-

0 i\PPL1E.oca5r AMNu~L AM0RT11Eo sistence on adherence to specifications. 

Figure 7. In severe exposures, paint the zinc coating. 
Interestingly enough, no reputable 

painting contractors will resent fair, 
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Figure 8. Paint thickness gages. 

Figure 9, Is it a good day for painting? 
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knowledgeable and rigid inspection. In fact they welcome it, as it will drive the gyp
sies out of competition, and permit them to do a paint job that they can be proud of at 
a fair rate of compensation. We can say this with authority, for we have listened to 
painting contractors plead in public meetings for more rigid inspection for this purpose. 
Never have we had a responsible contractor resent the presence of our inspectors on 
any job, but quite frequently there has been resentment from lesser contractors. 

Oh, I know you have inspectors on the job! But do you have, in fact? How knowl
edgeable are they in the requirements for durable pai.11ting? How well equipped are 
they in instrumentation for their job? An inspector's kit should include an accurate 
magnetic thickness gage, together with standards and means for verifying and adjusting 
its accuracy· an optical thickness gage for use as a xeferee gage and to assess the quali
ty of prior coating app1ications (Fig. 8); a hygrometer and surface thermometer for de
tennining climatic suitability for painting (Fig. 9); surface preparation standards (Fig. 
10); and may include a wet thickness gage, and instrumentation for judging blast pro
file depth. If your inspectors have such instruments, do they know their limitations? 

A recent survey made by the Steel Structures Painting Council in its study on high
way painting has indicated that 65 percent of the states are wo1·ldng on improvements 
of painting specifications, 50 percent are testil1g paints, but only 25 percent are "im
proving inspection or procedm·es." It is apparent from these figures that less than 25 
percent of the states aa:e concerned with improving their inspection. Improvement of 
specifications, already reasonably good, is futile if no provision is made to see that 
these specifications are lived up to. 

State highway departments today are, and traditionally have been, spending much 
time and effort in testing paints. Variations in paint types and formulations do influence 
durability, but none will give durable performance if improperly applied. Within any 
protective type of paint the increase in durability between the best and an average for
mulation will seldom exceed 20 pe1·cent, whereas with any paint system the improve
ment in performance of a properly applied system over one casually applied will be of 
the order of several hwidred percent. Aren't we penny-wise and pow1d-foolish to de
vote so much attention to paint testing, and so little to improving our inspection system? 

Keeping abreast of new paint material development and assessing the suitability of 
each material for highway use is useful. B111t need it be uneconomically duplicated by 

Figure 10. Surface preparation standards. 
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each state or authority? Such testing could be cooperatively centralized, for the bene
fit of, and supported by all states. Such centralized test coordination must, by cooper
ative testing, take into account regional climatic differences and other special condi
tions which may be unique to any locality. 

Inspection however cannot be delegated to others; it must be done on the site. If 
each state or authority devotes the time now spent for paint testing to improvement and 
development of an adequate and qualified corps of painting inspectors, benefits will be 
manyfold from current efforts in material testing. 

Inspectors 

It might be argued that it would be economically impossible to maintain a corps of 
paint inspectors sufficient to follow each highway paint job. However, only the major 
installations would require a full-time inspector. For the multitude of lesser jobs, a 
roving district inspector checking the work at frequent unexpected intervals should suf
fice, particularly with the availability of the optical paint inspection gage ( 4) which per
mits assessing of coat thicknesses and quality of applications made during-periods of 
his absence (Fig. 11). The days are gone when the painter can cover up deficiencies 
with another coat of paint. 

Furthermore, the paint inspector can have other assignments. But let's not make 
them too foreign to that of his paint technology ; it has been demonstrated that a struc
tural engineer has little knowledge or interest in painting. The paint inspector can al
so be responsible for the quality of caulkings, plastic membraning and constructions, 
and specification and application of galvanized metal and other corrosion-resistant 
alloys-all in the related field of corrosion prevention. 

It might dso be said that it is physically impossible to provide an inspector at each 
source of highway painting: each fabrication plant and the plant of each equipment sup
plier. There is a solution to this, where all painting will be conducted at one place un
der the supervision of a single in-
spector. 

The paint inspector need not be a 
paint expert. It is necessary that 
he be an honest, conscientious, ob
servant man with strong legs and 
arms and good eyesight-coupled 
with the ability to be able to read and 
understand specifications. His job 
is only to recognize and report sub
specification work; more knowledge
able superiors will decide the action 
to be taken. It is our experience how
ever that the mere observance of 
substandard work by the inspector 
will usually cause that work to be 
corrected by the contractor without 
the need for referral to higher 
authorities. 

Often the responsibility for in
spection by a representative of the 
paint manufacturer is made a stipu
lation of the paint procurement. 
Certainly these manufacturers' rep
resentatives know proper applica
tion procedures, and will do every
thingwithin their available time and 
obligations to see that their paint is 
applied properly. However in the use 
of such "inspectors" it must be ap- Figure 11. Tooke optical inspection gage. 
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preciated that such men have dual allegiance. The contractor is his customer: Paint
ing specifications are usually written to give the painting contractor some choice in 
whose paint he might use, and a contractor is always a big paint purchaser. If a rep
resentative of the favored paint supplier should bear down too hard on him, the con
tractor might choose to discontinue the use of that paint and buy from another approved 
manufacturer. Thus a paint manufacturer's representative is over the barrel when he 
serves as a painting inspector. 

For the moment let us concentrate on upgrading the quality of our surface prepara
tion and paint application. Sure, there are other factors conducive to paint durability, 
but let's get these more rewarding problems licked first. It might be said that most of 
the highway and bridge specifications which we have read are adequate in respect to 
these. Even on jobs showing premature failure the fault seldom was in the specifica
tion, but in disregard of it. 

SURFACE PREPARATION 

Would you lay paving on top of a sandy beach? Or on the surface of a wet swamp? 
Would you set your bridge piers on sandstone? Sure. Many of you would: Many of 
you have your eyes closed when paint is applied over loose rust, dust and other soil
age on your steel, and when paint is applied over oily or damp spots on the surface. 
Most of you believe that "mill scale is a good paint base. " 

Surface preparation, or the cleaning of surfaces preparatory to painting, has been 
sometimes called, with partial justification, the greatest single determinent of dura
bility of the paint job. 

To many people surface preparation is synonymous with blasting, and the termi
nology is replete with such words, as impressive as they are meaningless in actual 
use, as profile depth, anchor pattern, and blast profiles. Surface preparation is not 
these! 

Surface preparation is very simply and concisely the removal from the surface of 
all nonadherent residues, and materials which will be incompatible with the paint to be 
applied. Thus effictive surface preparation may be, under some conditions, washing 
down with a garden hose ; under other conditions, the rigorous operation of sand blast
ing. It is also leaving on old paint which is sound and adherent and compatible with the 
paint about to be applied. 

Nonadherent Residues 

Loose residues are self-evident: nonadherent and peeling old paint, surface dust 
and soilage, and nonadherent rust. Mill scale and certain types of rust may be initi
ally adherent, but may be counted on to loosen up in service. 

Incompatible Residues 

Incompatible surface materials are readily recognized when they are in the form of 
moisture, oil or grease. Previously applied paint films may or may not be incompati
ble. We all know that we cannot paint over an old tar-based paint, but there are others 
not so obvious. Paint compatibilities should be known, or spot tests made. Water 
soluble salt residues from road salts or from industrial contaminants are ~ncompati
ble. They will set up an osmotic pressure cell in or under the paint film causing blis
tering and peeling. 

Rust 

Rust can exist in many forms. The only stable form of rust is the orange-brown 
variety : the highest oxidation product of iron. We have all seen dark brown varieties 
of rust, and even black rust scale. The latter is also commonly experienced as mill 
scale, a special creation of rust. Any of these darker forms of r ust is iron oxide in 
an unstable s ta te of incomplete oxidation. By slow combination with oxygen or water 
(which will slowly diffuse through any paint film) these will gradually increase in vol
ume, lose adhesion to the steel, and finally attain the stable orange-brown form. Thus, 
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even though they are initially adherent, these darker forms of rust and mill scale should 
be considered potentially loose residues and removed. 

"But can we paint over rust? The man says we shouldn't." Sure you can, as you 
know from many successful experiences in painting in rural areas. But be sure you 
know your rust1 Be sure that the rust is of the stable orange-brown type, loose rust 
has been wiped off, and no water soluble contaminants are in the rust. Rural areas 
favor this acceptable condition, and the uncontaminated rainfall will soon wash deicing 
salts from the rust. 

Mill Scale 

"But mill scale is a good paint base. " Sure it is, as sand is a good material on which 
to build a house. Performances will be satisfactory for a time, but the final result 
will be catast~ophic. Most of the highway engineers of my acquaintance tell me that they 
have no mill scale failure, but do point to local areas of paint failure, "started from 
mechanical injuries and abrasions, " even though these may be twenty feet or higher 
from any traffic deck. Pigeons with sharp beaks maybe? 

No matter what we do, oxygen will inevitably get through to the mill scale convert
ing this scale to a more voluminous nonadherent base under our coating; sand on which 
we build our house. As permeation is inversely proportional to coating thickness, the 
day of eventual failure can be postponed by applying more paint, but mill scale failure 
is inevitable. 

More enlightened states are discovering that it is more economical in the long run to 
completely remove the mill scale by blasting or pickling before shop priming. Even 
the less enlightened states have a good thing going for them. Many fabricating shops 
specializing in bridge construction find that they can get better welds if mill scale and 
other surface soilage is removed prior to welding. Consequently these have installed 
rotary blast equipment through which most all bridge steel is cleaned of mill scale 
prior to welding and shop priming. 

PAINT TlilCKNESSES 

Would you try to hold water in a sieve? Use a toy balloon as an automobile tire? 
Sure you would! All of you would1 

It is our experience that no matter what the provisions of the specification, shop 
prime thicknesses will vary between ½ and 1 ½ mils, and each field coat will average 
1 mil, making a total protective banier of 3½ to 4½ mils for a specification which 
usually calls for a minimum of 6 mils. It is well recognized that durable barrier pro
tection cannot be obtained with thickness less than 5 mils (1). 

You are .expecting a shop primer of thicknesses ranging-between½ to 1½ mils to 
protect steel for periods of three to twelve months during wet winter periods and in 
areas of industrial or chemical fumes. Ask your best painter to paint one coat of shop 
prime on a piece of glass; let it dry. Now hold it up to the light and see what sort of 
protection you are depending upon1 

It behooves you to get your full protective thickness on as soon as possible, and 
especially before exposure to inclement weather and to marine or industrial environ
ments. To best accomplish this, call for a critical review of past painting practices 
and improvements in these. 

PAINT ON THE GROUND 

The average bridge specification calls for a shop prime and three field coats. Why 
couldn't two of these field coats be applied on the ground before the steel is erected? 

It is self-evident that a painter can do better quality work, at a higher production 
rate and at lower cost, standing comfortably on the ground with the steel within ready 
reach, than he can swinging on a staging or bosun's chair. Of course there will be 
sling and erection damage, but it will be much more economical to spot repair this 
damage and only apply the last field finish coat after erection than to apply three full 
field finish coats up in the air. 
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Figure 12. Paint on the ground and at one 
location. 

Monsanto Company (2), adopting this pro
cedure for new plant construction, has real
ized 24 percent savings in painting costs. In 
addition, the quality of the job and hence its 
maintenance.-free life is markedly improved. 
With all painting being conducted at a central 
location, an inspector can inspect all work 
more completely and efficiently than scram
bling over large e:-..-panses of high steel. 

While on the subject of conducting painting 
operations at the field site, why not go "whole 
hog"? As one of the uncertainties of painting 
is the quality of surface preparation and prim
ing done by the fabricator, why not ask the 
fabricator to deliver the steel to the site with
out s hop priming? In t his way all segments 
of paint pr otection will be conducted at one 
place by one contractor. Quality of applica-
tion can be controlled most efficiently with a 
minimum of inspection staff. 

For this purpose the field painting contractor Will get the whole job, and will set up 
on-site an efficient blasting and painting area, protected from inclement weather. The 
work will be moved through the painting area, to and from the steel yard by mobile 
cranes. 

SUMMARY 

We appreciate the opportunity given us by the Highway Research Board to present 
our view of current highway painting practices. We know that we have stepped on some 
toes. We are sure that the great majority of these toes belong to men who will mull 
over what we have said, and where correction is needed, in their judgment, will find 
solutions much more effective and far-reaching than any that we have suggested. We 
feel: 

1. By far the greatest factors causing premature failure on highway painting jobs 
am substandard surface preparation and deficient paint thic!r.nesses. 

2. In general, present specifications and materials are adequate, but inspection 
should be improved. 

3. Greater benefits will accrue from greater attention to inspection procedures than 
from current activities of paint testing. 

4. Material testing and painting advisory services could be more economically and 
effectively performed by a central agency, supported by, and serving all states and 
authorities. 

5. Zinc-fortified protective systems have advantage over currently used barrier 
paint systems. 

6. Traditional painting procedures should be discontinued, and painting conducted 
at centralized locations prior to erection. 
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Photometer for Measurement of 
Reflex-Reflective Sign Materials 
H. C. RECTOR and W. P. YOUNGBLOOD, Minnesota Mining and Manufacturing 

Company 

A reliable and convenient photometer to replace the classic 
but cumbersome darkroom tunnel method of testing reflex
reflective sign materials has long been desired. The inspec
tion of materials and enforcement of specifications requires a 
device which can provide fast, accurate and repeatable results 
in agreement with several established criteria. 

A proposed photometer was evolved after careful review of 
the geometrics of the typical highway environment encountered 
by the motorist. A comparison of photometric readings taken 
with the proposed prototype meter and the classic darkroom 
tunnel method at 0. 2 and 0. 5 deg divergence angle is shown. 
Color samples representing the color spectrum employed on 
highway signs were tested. Further, a comparison with a rig
orous visual nighttime series of observations was made. The 
results of both comparisons were analyzed using standard 
statistical methods. The results of this analysis indicate that 
the proposed photometer correlates at a high confidence level 
with both the classic darkroom method and visual observations. 

The test data are reviewed and the optical and electrical 
characteristics of this bench photometer are described. Mod
ification to a portable photometer is possible to permit daytime 
field inspection of the reflective efficiency of existing traffic 
signs. 

•TRAFFIC sign performance has been shown by Forbes (1) to be dependent on attention 
value and legibility. Each factor is related directly to contrast-the sign with surround, 
providing attention value, and the letters with background, for legibility. In recognition 
of these two important attributes the Manual of Uniform Traffic Control Devices (2) re
quires essential signs to be illuminated or reflectorized to assure adequate nighttime 
performance. The principal research relative to reflective treatments has been large
ly confined to a comparison of the performance of available reflective materials and 
several have suggested minimum luminance levels for attention value and legibility. 
The widespread use of specifications for the procurement of reflex-reflective sign ma
terials requires an accurate method of performing reflex photometry. Methods of test
ing physical properties of reflex-reflectors are usually straightforward. The photo
metric testing, however, requires a device which will give accurate, precise, repeat
able results. 

Several systems and instruments for measuring reflex-reflective intensity exist; 
however, each has its drawbacks. Certain meters are no longer available, or are of 
limited span for certain products, and others require large rooms completely darkened 
for testing purposes. 

Paper sponsored by Committee on Coatings, Signing and Marking Materials and presented at the 47th 
Annual Meeting. 
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The test device should evaluate the material being tested in the same way it is eval
uated by a viewer with quantitative rather than qualitative accuracy at the useful wave
lengths. To accomplish this, the actual geometrics of roadway viewing and illumina
tion must be accurately simulated within the measuring device, and the receptor re
sponse should simulate the typical eye sensitivity response curve. The geometrics 
must be such that they do not violate the capabilities of each of the components of the 
photometer. 

The luminance attained from reflected materials is dependent on the headlamp illu
inance, angular position relative to the vehicle (incidence angle), the angle subtended 
by the sign, the viewer's eyes and his headlights (divergence angle) and the specific 
luminance (efficiency) of the reflective material. With the exception of specific lumi
nance, the other variables are dependent on sign or vehicle position and distance, thus 
they can be standardized for typical circumstances of actual use. Specific luminance, 
or specific or reflective intensity (1) per unit area is often expressed in terms of can
dlepower per incident foot-candle per square foot of reflecting surface. If the device 
being measured is a vehicle reflector or delineator, the specific intensity-candlepower 
of the unit per incident foot-candle-is given. 

The incident angle usually ranges from O to 45 deg for traffic signs and delineators 
(Fig. 1). This incidence range should be capable of simulation within the device. Gen
erally, the low angle of incidence is set at approximately -4 deg to eliminate specular 
glare from influencing the meter readings. 

The divergence angle (Fig. 1) is the angle subtended by incident light from the source 
and the reflected light beam at the observer. The trigonometric expression for this 
angle is: 

in which 

e = divergence angle, 
a= headlamp-to-sign distance, 
b = eye-to-sign distance, and 
c = eye-to-headlamp distance. 

a2 + b2 - c2 
cos e = 2ab 

VIEWING RAY 

5,4' 

I =Incidence Ang/6 

DL =Divergence Angis, Left Lamp 

DR=Divergence Angle, Right Lamp 

Figure 1. Geometrical relationship between driver, headlamps and traffic signs. 



The value of the divergence angle is di
rectly dependent upon viewing distance and 
varies for left and right headlamps. Fig
ure 2 shows these relationships based on 
divergence formula of Straub and Allen (3) 
modified to modern vehicle measurements, 
including dual headlamp design. 

Reflective intensity of retroreflecting 
materials is usually measured at 0. 2 and 
0. 5 deg divergence, corresponding to view
ing distances of approximately 600 and 300 
ft, respectively, for the left headlamps-ap
proximately twice these distances for the 
right headlamp. These distances corre
spond to the generally required visibility 
distance for most traffic control devices. 
As indicated by Straub and Allen (3) and 
Elstad, Fitzpatrick and Woltman (4)-;-most 
effective reflective efficiency occ urs at 
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Figure 2. Divergence angle vs distance. 
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angles of divergence corresponding to 1/3 deg or less. In this range reflective efficien
cy is approximately inverselj proportional to the divergence angle so that doubling the 
divergence angle halves the reflective performance. Thus, for the distances described, 
the left headlamp provides two-thirds of the reflective brightness experienced by the 
motorist. 

EXISTING INSTRUMENTS 

A number of different meters have enjoyed moderate usage in the measurement of 
reflex-reflectors. The early instruments by Kingslake (5), Hunter (6), Giovanilli (7), 
the Photo Volt and the more recent ESNA meter (8) are described in the literature. Per
haps the most fundamental technique which has been employed by many laboratories is 
the classic darkroom and geometrical relationship described by the Society of Auto
motive Engineers (9) and Federal Specification (10) for the testing of retro-reflectors. 

By these methods, light projected on the test sample is reflected to a photocell ad
jacent to the light source. Readings are obtained from a galvanometer comparing the 
incident to reflected light and are expressed as candlepower per foot-candle per square 
foot by 

Reflective intensity = Illumh~ti~n of photocell x (Distance)
2

• 
lliumlllatlon at sour ce Area of sampl e in ft 

The angles of divergence are controlled by setting the distance between light source 
and the photocell and the placement of the sample relative to the light source. Distances 
of 50 to 100 ft from the source to the sample in a dark tunnel are required. The aper
ture size of the source and receiver are generally small compared to the viewing dis
tance, but still approach 18 to 33 percent of the divergence angles for cells of adequate 
sensitivity at the narrow divergence angles required of these tests. 

Smaller bench type instruments which simulate the classic darkroom test are minia
turized to duplicate the essential features and generally must surmount three difficul
ties: maintain the small divergence angle, possess exceptional sensitivity at low light 
levels, and maintain proper distance relationship. Because of the much foreshortened 
distance, the source and the photocell receiver apertures must be similarly reduced 
or very broad range of divergence angles are sampled. With the resolution require
ment of small source and receiver aperture, plus color corrective filters, the energy 
available is tenuous, and accuracy, particularly with darker color reflectors, requires 
a high order of sensitivity. The distance from source to sample and from sample to the 
receiver must be precisely controlled. The requirements for selectively small diver
gence sampling and adequate sensitivity have not been generally well met in the past 
and have contributed to discrepancies with actual outdoor observations. 
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The candlepower photometer described herein functions in the following manner: 
Light from a constant temperature source is passed through a series of condensing 
lens and color filters. It is focused at a hole in a photocell, passes through it, and is 
projected on a collimating lens. From the collimating lens the light then strikes the 
sample and is then reflected, passing through the collimating lens to the photocell. The 
desired divergence angle is selected by a switch on the output circuit. For amplifica
tion it is more convenient to deal with ac output rather than de so that prior to striking 
the sample, the light passes through a shutter wheel effectively converting the light 
beam and response signal to 120 cycles per second. Detailed description of the meter 
is contained in the Appendix. The basic optics of the photometer are the same as used 
in other photometers, particularly that of Kingslake {~). 

EVALUATION STUDY 

The basic objective in evaluating the candlepower photometer was to determine how 
th<> ""'"' m<>t<>-r ""mp.,-rerl mith th<> ,..1.,.,_.,;,.. rl,::irl,-rnnm tnnni>l ti>f'.hniq11i> ,::inrl !>f'.hrnl m1trlnnr 

observations. To make the comparison, a number of samples each of five colors were 
measured on the photometer and in the darkroom using standard photometric measur
ing procedures. Readings were taken at several locations on the sample and the aver
age taken as the brightness for the sample. Further, measurements were made on two 
different occasions for greater average accuracy. The results of these readings are 
given in Table 1. 

NIGHT VIEWING 

The night viewing was conducted on a flat, level area with the observers seated in 
automobiles positioned at the two appropriate distances from the reflective samples. 
The samples were positioned in line with the left headlamp. 

Headlamps were operated with the engine at a fast idle, simulating actual conditions. 
The right headlamps were not used so that a pure comparison at 0,2 and 0.5 deg diver
gence angles could be obtained, thus closely duplicating the design geometrics of the 

TABLE I 

Photometric Readings and Ranking of Samples Used in Study 

0.2° DIV. 0.5° DIV. 

Visual 
Candle-
power Darkroom SAMPLE Rank Photo- Renk (2850°) Renk 

Outside meter 

Visual 
Candle-
power Darkroom 

Renk Photo- Renk (2860°) Rank 
Outside meter 

A 3.5 85 5 71 ,7 5 4 40.5 3 38,2 4 
B 2 91 2 77.1 2.5 5 38.4 5 35,2 5 

SILVER C 1 106 1 91 .4 1 
D 3.5 89 3.5 77,1 2.5 

1 48,2 1 47.4 1 
2 42.2 2 41 ,9 2 

E 5 89 3.5 75.7 4 3 39.6 4 39,7 3 
F 6 58 6 47.7 6 6 31.4 6 30.9 6 

A 2.5 68 1 53,1 1 1 31 .0 1 28.4 1 
B 2.5 64.5 2.5 49,5 3 i 26.6 3 23,0 3 

YELLOW D 4 52.5 4 39.4 4 
E 1 65 2.5 51 .5 2 

4 23,9 4 21 ,3 4 
3 28,9 2 26.3 2 

G 5 45 5 34,2 5 6 21.4 5 18,5 5 

A 1 36 1 24,4 1 1 20.3 1 13.4 1 
B 3.5 21.8 3 15.4 2.5 3 12.9 3 9.0 3 

RED C 2 23.3 2 15,5 2.5 
D 3.5 19.5 4 14.0 4 

l 14.3 2 10.3 2 
4 10.4 4 7.3 4 

E 5 12.5 5 10,3 5 5 8.6 5 6.5 5 

A t 11.4 l 12.8 I 1 68 1 7,8 1 

GREEN B 2 10.5 2 12.0 2 
D J 9.5 3 11.1 3 

2 6.1 2 7.0 2 
3 58 3 68 3 

E 4 7.0 4 8.6 4 4 42 4 4.7 4 

A I 8 1 1 10.2 1 1 35 1 4.8 1 
B 2 63 2 8.9 2 2 3.0 2 4.5 2 

BLUE D J 58 3 7.5 3 
E ' 40 4.5 5.8 5 

3 2,5 3 36 3 
6 1 8 5 2.8 5 

F 5 4.0 4.5 6.1 4 4 2.0 4 3.4 4 
H 8 30 6 4.6 6 6 1,3 6 2.5 6 



instrument. An alignment device was 
installed on each vehicle so that the 
viewer could adjust his eye position to 
maintain fairly precisely the 0. 2 and ' 
O. 5 deg divergence angles. The viewing 
consisted of having the standard sam
ples rated by the viewers according to 
brightness. This comparison was con
ducted as follows: Two samples of the 
same color of equal or unequal intensity 
were rated by the viewers. The view-
ing consisted of eight different combi
nations of five colors. Various combi
nations were presented to the viewer 
so that they could be ranked and com
pared with instrument observations. 
The reflective colors employed were 
conventional traffic colors substantially 

TABLE 2 

SIMPLE CORRELATION COEFFICIENTS0 

PHOTOMETER VS VISUAL RANKING AND DARKROOM 

Item 

0.2 deg divergence: 

Visual ranking 
Darkroom 

0.5 deg divergence: 

Visual ranking 
Darkroom 

Sample size 
Min. corr. coeff. 

Silver 

0.87 
0.98 

1.00 
0.98 

6 
0.81 

Yellow 

0.78 
0.99 

0.90 
0.89 

5 
0.87 

Colo~ 

Red 

0.98 
0.99 

1.00 
0.99 

5 
0.87 

Green 

1.00 
0.99 

1.00 
0.99 

4 
0.95 
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Blue 

0.99 
0.97 

1.00 
0.82 

6 
0.81 

0 Minimum value of correlation coefficient for sample sizes for 95 per
cent confidence level. 

covering the spectrum: blue, green, silver, yellow and red. Each observer was 
checked for color blindness using a Bausch and Lomb Orthorater. No observer was 
found to possess any abnormality. 

Each observer was allowed 30 seconds to decide on the relative intensity of the 
samples. He then recorded whether one of the samples was brighter than, equal to, 
or much brighter than the other. All observers were seated separately and did not in
fluence others being tested. After the eight viewings of each color pair, the observer 
rated another color series until all five colors had been rated. The number of observ
ers used and the number of samples viewed comprised a sufficiently large group to 
establish statistical reliability. The ranking results for both viewing angles are given 
in Table 1. 

DAT A ANALYSIS 

The results of the data from the visual observations, darkroom reading and readings 
taken with the photometer were compared using simple rank correlation. The correla
tion coefficients were determined and are given in Table 2. 

These coefficients indicate a correlation at the 95 percent confidence level for both 
the darkroom and visual observation when compared to the photometer. The minimum 
values which determine the correlation coefficients for the 95 percent confidence level 
were obtained from standard tables (11). Although the correlation coefficients are in 
most instances higher for the visualobservations than for the darkroom, there is no 
indication that the visual observations correlate at a higher confidence level than the 
darkroom. 

CONCLUSIONS 

This photometer, eliminating some of the inaccuracies and inconveniences of pre
vious systems for the photometry of reflex-reflection, offers the advantage of direct 
reading in candlepower coupled with modest size and portability. The traditional dark
room method of measuring reflex-reflectors and a number of observers who partici
pated in a rigorous nighttime test are both compared with the photometer. Analysis of 
results indicates that the photometer provides accurate, repeatable a11d statistically 
consistent results compared with human observers and is in close, reliable agreement 
with the traditional darkroom tunnel photometric testing procedure. 

Modifications to a field instrument have been accomplished through the use of apart
able power supply. This will facilitate daytime inspection of traffic signs to meet the 
inspection requirements of the latest safety legislation. 
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Appendix 
INSTRUMENT COMPONENTS 

The basic components of the photometer are light source to illuminate the reflex
reflector, color correction lens, photoelectric cell to measure the intensity of the re
flected beam of light at the desired divergence angles, shutter, collimating lens, hold

LIGHl 
SOU ACE 

LENS & 
COLOR 
111LTCf\5 

@.:]II 
0 

CONSTANT 
VOLTAGE 

TRANSFORMER 

-- PROJECTED 

---- -- REFLECTED LIGHT 

COLLIMATING 
LENS SAMPLE 

UJIO 
ADJU STM E:N-T 

Figure 3. Components of candlepower 
photometer. 

er for the sample being tested, and meter 
to give output readings. These are shown 
in Figure 3. The photometer is shown in 
Figure 4. 

Light Source 

The light source is a quartz iodide lamp 
operating at 2850° K. The lamp has a useful 
life of 1,000 hours. Current is supplied 
through a constant voltage transformer which 
maintains the constant lamp temperature of 
2850° K. 

Color Filters 

The color filters correct the light to com
pensate for the temperature of the light 
source and the silicon of the photocell to the 
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Figure 4. Photometer: optical unit left, meter unit right. 

standard CIE observer color response. The 
comparison of the photocell, darkroom and CIE 
observer response is shown in Figure 5. 

Lenses 

Lenses focus the light at the center of the 
photocell and project it onto the collimating lens 
which disperses it uniformly across the sample. 
The light is then reflected back through the lens 
to the photocell. 

Shutter Wheel 

Prior to the light striking the collimating 
lens, it is passed by a rotary shutter to provide 
a response at a frequency of 120 cycles per 
second. 

Detector Circuit 

- - - - - - Photometer System 

- - C.I.E. Standard Observer 
--- Darkroom System 

~ 001------- - - -----::, .. 
~ 
::, 

~ 00!'-------------~---
> 

~ 
w ~ ------~---~ ~--a: 

400 460 600 650 600 660 700 

WAVELENGTH mu 

Figure 5. Comparative color response. 

The detector is a silicon photovoltaic cell. There are two electrically independent 
detecting areas on the cell, one corresponding to O. 2 deg divergence angle and the other 
corresponding to 0. 5 deg divergence angle. A switch permits selection of one or the 
other. The signal from the detector is amplified using an ac amplifier tuned to the 
shutter frequency. A selector permits the choice of two scales, 0-10 or 0-30 candle
power, with a choice of lOX range to 100 or 300 candlepower as necessary. The 
output is modulated to de, which permits the use of more suitable meters. Linearity 
of both the photocell and electronics exist. 

Sample Holder 

The sample holder positions the sample at varying incidence angles from Oto 90 deg. 

Meter 

The meter reads directly in candlepower per incident foot-candle per square foot and 
has two adjustments-one for zeroing the meter which does not require the use of a 
sample; the other for calibrating the meter, requires samples of known brightness. 



Joint Sealing Practice for Longer Spans 
STEWART C. WATSON, Acme Highway Products Corporation, Buffalo, N.Y. 

A foreseeable trend to longer span bridges together with the realization 
that there is a definite, causal relationship between certain identifiable 
types of premature bridge distress and ineffective sealing practices has 
led to the recent development and use of a number of interesting new 
sealing systems using the compression principle. 

A photographic study of premature bridge distress has been accom
plished in an atten1pt to better understand what is happening and what 
can be done to eliminate or at least minimize the problem. 

A performance criterion for a sealing system has been established 
to assist bridge design engineers in the selection of an effective sealing 
system from the available candidates. 

Typical sources and categories of movement phenomena on bridges 
are described and their importance underscored in long-span joint seal
ing practice. It is the responsibility of the design engineer to identify, 
describe and predict the magnitude of each of the types of movement 
that might occur at the joint interfaces on the structure. 

Examples of current sealing systems and solutions in the United 
States and Europe are illustrated and discussed in terms of their per
formance capabilities. 

•A FORESEEABLE trend to longer span bridges together with the realization that there 
is a definite, causal relationship between certain identifiable types of premature bridge 
distress and ineffective sealing practices has led to the recent development and use of 
a number of interesting new sealing systems utilizing the compression principle. 

Recent comprehensive field tests in a number of countries have given an indication 
that in the light of present knowledge, we must face the fact that the poured-in-place 
mastics, thermoplastics and exotic field molded sealants do not have a sufficient per
formance capability for even the shortest spans. Indeed, they may have no place at all 
on a bridge regardless of length. The bridge sealing problem even in its simplest form 
is a complex one and is further complicated by the uniqueness of each structure so that 
no two structures have exactly the same performance need. Recently, responsible pro
ducers of field molded sealants have issued definitive literature restricting the use of 
these materials to only the very shortest of spans and for all practical purposes have 
eliminated their use on bridges. 

Since few bridge designers would agree to the feasibility of standardizing the design 
of all bridges for reasons of economy, environment, aesthetics and a multiplicity of 
regional or local factors, we must recognize that insofar as the sealing problem is con
cerned, each bridge joint must be considered separately and its performanceneedrated 
according to the design of each structure. 

In the past, much bridge construction consisted of spans of short length, such as 50 
ft or less, whereas today, bridge design engineers are stretching out the .lengths of 
many bridges to longer spans as design and construction techniques have been improved. 
It is difficult to find a common description of the difference between a short and long 
span other than a short-span bridge is one in which the live load governs the design, 
whereas a long-span bridge is one in which the dead load governs. 

Paper sponsored by Committee on Sealants and Fillers for Joints and Cracks in Pavements. 
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Figure l. Aesthetics problem: staining and 
discoloration. 

Figure 3. Typical salt brine deterioration of pier 
cap or bent with advanced corrosion of reinforc
ing bars; products of corrosion require 5 to 10 
times as much space as original steel cross section 

with resultant po pout. 

23 

Figure 2. Typical salt brine deterioration of a 
bearing she If with ice stalagmite i I lustrating 

hydraulics of freeze-thaw. 

Since the joint sealing problem is pri
marily concerned with arriving at a seriei:, 
of solutions to accommodate a wide spec
trum of movement phenomena, for the pur
pose of this discussion, we will consider 
that a long-span bridge is one in which the 
longitudinal distance change between the 
deck slab ends, from pole to pole of move
ment, will exceed one inch. 

DESCRIPTION OF THE PROBLEM 

While it could appear to be elementary 
for a group of practicing engineers to re

view the categories of typical premature bridge distress, it may be well to have agree
ment on, or an understanding of, the problem if we are to expect any agreement on a 
given solution. 

It is anticipated that much of the expensive maintenance cost of premature bridge 
distress related to ineffective joint sealing could be eliminated or certainly minimized 
if joints could only be sealed with some permanency. While the accompanying photo
graphs show typical maintenance problems on bridges, it is recognized that environ
mental differences will place emphasis on certain types of distress being a serious 
problem in one geographic area that are not a cause for concern in another. Typical 
of this would be the salt brine deterioration of pier caps. Caution is to be observed 
however in generalizing that relatively balmy or mild climates would minimize the 
salt brine deterioration problem as compared to far northern environments inasmuch 
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Figure 4. Erosion attributed to salt brine and vibration from traffic loading. 

as there now exists relatively new documentation which attests that this deterioration 
can be more severe in areas where there are more cycles of freeze-thaw. It may be 
that the salt brine deterioration of pier cap problems could be more severe in Virginia, 
Kentucky, Kansas, Missouri and similar latitudes than it is in Connecticut, New York, 
Michigan, Minnesota and Canada. To generalize, bridge joint distress may be con
sidered to differ in type from one environment to another, rather than in severity. 

Figure 5. Erosion with resulting traffic hazard attributed to concentrated attack of brine at the joints. 



Figure 6. Corrosion of stee I beam ends and bear
ings; balance of structure is unaffected. 
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Figure 7. Concentrations of stress at the curb 
line. 

EXAMPLES OF TYPICAL PREMATURE BRIDGE DISTRESS CAUSALLY 
RELATED TO THE SEALING PROBLEM 

In an attempt to better understand the cause and effect relationship between in
effective sealing practices and their effect on bridges and structures, a comprehensive 
photographic study of bridges was undertaken in the United States, Canada and a num
ber of other countries which has given evidence that certain common categories of pre
mature distress are widespread. 

The photographs attempt to categorize the types of premature distress that can occur 
when the preformance capability of a sealant is exceeded (Figs. 1-13). 

Figure 8. Crushing due to intrusion of high fric
tion materi a I. 

Figure 9. A continuous span with a sliding plate 
joint is susceptible to crushing and stress concen

trations at the curb line. 
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Figure 10. Evidence of stress relief attributable to pressure buildup from entry of foreign materials at 
midpoint of a bent. 

Figure 11. Pressure generation from intrusion of 
foreign materials; loss of backwall support con
tributes to premature splitting-continuous spans 
con be more susceptible to this category of 

distress. 

ii 
II 

Figure 12. Pressure generation-wingwall is ro
tated 10 degrees to the left of center; on very 
worm days, wingwall rotates as much as 15 deg. 
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Figure 13. Pressure generation on a skewed 
joint-an older structure has been forced 12 in. 

out of a Ii gnment. 

Figure 14. Typical attrition of an elastomeric 
surface under traffic, snowplows, stones, grave I, 

grit, and laitance. 

PERFORMANCE CRITERIA FOR A SEALING SYSTEM ON LONGER SPANS 

In light of the aforementioned typical bridge distress, it is considered that an effec
tive joint sealing system must be equivalent to the following performance criteria: 

1. It must have the capability to respond successfully to the many different types 
of movement that might occur on a specific bridge: straight distance change between 
the joint interfaces, racking distortion from the many variations of skews, horizontal, 
angular, vertical and articulating motion patterns, differential vibrations of slab ends, 
impact, warping and rotation effects, permanent changes in deck length, creep, plastic 
flow, etc. 

2. It must have the capability of responding to the individual magnitudes of the 
various movements both singularly and when acting in concert. 

3. It must seal out the entry of incompressibles, compressibles and all types of 
foreign material with a restraint producing potential, and guarantee that bearing seats, 
shelves, pier caps, bents, do not receive accumulations of these materials together 
with chemicals deleterious to steel and concrete's performance life. 

4. It must seal out the entry of free water in a leakproof manner and assist in 
channelizing the water into the drainage system of the structure. 

5. It must be capable of absorbing the various types and ranges of movement with
in itself without being extruded above or expelled from the joint opening. 

6. With respect to the riding surface of the sealing system, it must be constructed 
of materials which have a capability to withstand wear and impact such as is produced 
from forces of repetitive and heavy traffic loadings coupled with ice, snow, slush, 
maintenance materials and incompressibles, the forces of abrasion from snowplow 
blades at low temperatures, and abrasive effects of sand, silt, small stones, gravel, 
grit, and laitance. Figure 14 shows typical attrition of an elastomeric riding surface. 

7. It must be capable of performance in extremes of temperatures for the environ
ments of each particular structure. Bridges in Alaska encounter -70 F, whereas 
bridges in the southwestern United States can build up deck temperatures of 150 F. 

8. The sealing system must be constructed of materials that have a long outdoor 
service capability. All materials used must be relatively unaffected by sunlight, ozone, 
petroleum products, chlorides, deleterious chemicals from industrial smog, mainte-
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nance chemicals, and cement alkalis, as well as tensile and compressive stress of 
long-term duration. 

9. The surface of the sealing system should have provision for skid resistance if 
the device is of a longitudinal width greater than 8 in. 

10. The sealing system should be easily capable of inspection and maintenance and 
have provision for adjustments to take into account one-time or permanent changes in 
the bridge deck length (positive or negative creep) as well as movements from pave
ment pressures, settling of abutments or other similar forces commonly brought to 
bear against decks and abutments. 

11. The sealing system should allow relatively unrestricted movement of the bridge 
to relieve stresses due to temperature, creep, shrinkage and loading unless the bridge 
is designed to accept these categories of stress. Should a device produce excessive 
stress, it could be capable of ejecting a bridge from its bearing points or produce other 
undesirable forms of stress relief. 

12 . It should have a service life at least equal to the life of the deck surfacing and 
ideally to the life of the bridge. Short-lived sealing solutions should have provisionfor 
simple and easy replacement with minimal cost. 

13. The sealing system should have good riding qualities and generate neither noise 
nor vibration due to traffic. 

14. Wherein the joint opening exceeds 4 in. at the widest point of opening, the seal
ing system should provide adequate structural support for traffic loadings that are not 
subject to rapid attrition or wear. 

15. The sealing system must be equally effective at the juncture of the pavement 
and curb, this being the critical area for sealing of the bridge. 

16. The sealing system should be free of breaks or field joints within the line of a 
given joint. Where sections of elastomeric tubes are fabricated in pieces shorter than 
the actual length required, they should be factory vulcanized (Fig. 15). 

DETERMINATION OF THE TYPE AND MAGNITUDE OF MOVEMENTS 

With respect to solving the joint sealing problem, bridge design engineers must be 
able to make the following judgments: 

Figure 15. Typical compression seal 180 ft long 
weighing approximately 1000 lb, free of any 

field fabricated joints. 

1. Identify and describe the different 
types of important movement phenomena 
that will occur. 

2. Predict with reliability the magni
tude of each type of movement. 

3. Insofar as progressively closing or 
opening joints are concerned, predict when 
this phenomenon will occur in the life of 
the structure . 

SOURCES AND CATEGORIES OF 
MOVEMENT ON BRIDGES 

Typical sources or categories of joint 
movement that occur on bridges and struc
tures are as follows : 

1. Straight thermal movement (longi
tudinal distance change between adjacent 
slab ends or joint interfaces). The cur
rent AASHO Guide Specifications sugges t 
that we design in terms of 1/a in. of move 
ment for each 10 ft of deck or span length 
in a temperature gap of 100 deg. 

2. Racking movements of skewed joints 
(this pehnomenon obviously differs in com
plexity with each varying angle of skew) . 
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3. Progressively closing joint openings. 
4. Progressively opening joints. 
5. Progressively decreasing stroke of joint movement. 
6. Progressively increasing stroke of joint movement. 
7. Vibratory movement from heavy traffic loadings, military vehicles, snowplow 

impact, etc. 
8. Positive or negative creep: (a) viscoelastic flow, (b) drying shrinkage, and (c) 

grower aggregates. 
9. Warping of slab ends from temperature differentials within slabs or structural 

members, orthotropic surface plates and subframing, etc. 
10. Slab end rotation: (a) temporary rotation such as from heavy traffic loading at 

midspan, and (b) permanent rotation from progressive increase in dead load deflection. 
11. Unloading of movement from one end of a deck slab to the other due to mechan

ical restraints such as frozen bearings and excessive friction. 
12. Dual movements of different categories resulting from changes in direction in 

the line of a joint or from vertical to horizontal or a combination of both (skew joints 
changing direction at the curb). 

Profil ACffl[ 111/2 

2 Terlon-folie 0,5mm dick 

einaei tig geatzt. 

Figure 16. Swiss-German compression sea I uti
lizing 5 mm of Teflon bonded to the elastomer 
and 5 mm of Teflon bonded to the steel interface 
of a longitudinal joint. Stops are affixed to top 
and bottom to resist floating or migration. Used 
to accommodate distance change between inter
faces, differential longitudinal movement and 
severe vibration from traffic loading on longer 

spans. 

13. Cross joints and variations of T 
junctures with their peculiar movements 
and stresses. 

14. Vertical deflection movements at 
joint interfaces from loading cantilevered 
slab ends. 

15. Articulating movement. 
16. For longitudinal joints between ad

jacent structures, differential racking 
movement should be anticipated. In addi
tion, differential vibration when one span 
is being loaded with traffic while the other 
is not, should be taken into account 
(Fig. 16). 

17. Zero movement phenomenon. Evi
dence exists suggesting that certain com
pounds of elastomers and polysulfides can 
be relatively short lived if there is little or 
no movement involved in the exposure. 

While the above list covers may of the 
major sources and categories of move
ment found on bridges and structures, itis 
not construed to be all-inclusive. Environ
mental conditions in specific bridge loca
tions should be thoroughly evaluated to 
search out all of the factors that could pro
duce erratic movement such as wind, sun, 
and chill. 

Whether the movement at the joints is 1 
in. such as the case might be in a simple 
80-ft long span, 14 in. for each joint which 
is the case on the new Severn Bridge in 
England for a temperature gap of only 60 
deg, 22 in. anticipated on the Port Mann Or
thotropic Bridge in Vancouver, B.C., or 72 
in. which was predicted for the new Forth 
Bridge in Scotland, the movement must be 
accounted for in the design of the jointing 
and sealing system with an additional pro
vision for some margin of safety. 
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Figure 17. Leclair Bridge on 1-80 over Mississippi River utilized 3-in. wide compression seals 
throughout. 

Figure 18. Leclair Bridge-lubricating the joints 
and inserting the seals with a "pogo stick" 

insertero 

Figure 19. Leclair Bridge-seal is inserted in a 
single length free of breaks from outside balus
trade through the deck, ma II curb and to the 

other side, 
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Figure 20. Bernard F. Dickman Gateway Bridge (Poplar St.) at St. Louis. Orthotropic: weight of steel 
on main span, 13,000 tons; approximate cost of main span, $8 million; weight of one finger joint, 40 
tons; approximate cost of finger joint, $25,000; movement at east joint, 11 in. (1365 ft); and movement 

at west joint, 8 in. {800 ft). 

PRESENT PRACTICE FOR LONGER SP ANS 
IN THE UNITED STATES 

Monolithic tubular, compartmented, compression seals are being widely used on 
)ridges and structures for small movements of from ½ in. to 3 in. (Figs. 17-19). 

Movements in excess of this would call 
for different practice. For most long
span bridge mcwement in excess of 3 in., 
slider plate and finger joints are being 

being made whatsoever (Figs 20-23). I 
used with no attempt to seal these joints 

Figure 21. Poplar St. Bridge under construction: 
finger joint at west abutment to hand le 8 in. of 
movement-weight of finger joint approximately 
40 tons; approximate cost, $250 per foot (100 ft 

wide). No attempt is made to seal joint. 

JOINT SEALING PRACTICES FOR 
LONG SPANS 

Obviously there are no fundamental dif
ferences in the sealing problem on bridges 
here or abroad assuming that the perfor
mance conditions are similar; however, 
in many countries, there are differences 
in general construction practices and pol
icies that appear to affect the design or 
selection of a joint sealing system. 

Construction is often accomplished by 
engineer-contractor type firms. A greater 
latitude in selection of the sealing system 
is enjoyed by the contractor who builds the 
bridge; however the legal responsibility 
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Figure 22. Port Mann Bridge, Vancouver, B.C. Orthotropic: weight of main and approach spans, 
19,660 tons; length of continuous portion, 1920 ft; weight of expansion joint, 50 tons; approximate 

cost of expansion joint, $37,000, 

Figure 23. Port Mann Bridge: sliding plate joint 
of rolling link or chain type-anticipated move
ment, 22 in.; approximate cost, $700 per foot for 
a width of 54 ft. No attempt is made to seal the 

joint. 

for maintenance of the joints is also man
datory. In many countries, the mainte -
nance of joints is the contractor's respon
sibility for as much as 10 years. 

European bridge designers have gone 
almost exclusively to continuous spans. 
The inevitable resuit is that they are left 
with only two joints-or on very long 
bridges-only a few joints, and sothe seal
ing problem is magnified and must be dealt 
with in all of its accumulated magnitude. 

There seems to be a generally accepted 
rule abroad that the individual joint open
ings regardless of how much movement is 
involved, must never exceed 50 mm (2 in.) 
at the widest time of opening. This in all 
likelihood is due to the relatively high per -
centage of bicycle traffic and greater 
amounts of small wheel diameter compact 
cars. 

Permissible axle loadings seem to be 
somewhat higher and the tire diameters 
appear to be comparatively smaller than 
North American truck traffic. The dy
namic effect of wheel impact on joint edges 
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WINTER 

Figure 24. Stages of movement (80 mm}-System RUB. 

is significantly greater and this is reflected by the rugged nature and thickness of steel 
cross sections on their armor-plated joint interface designs. This thickness is also 
justified by bridge designers as being necessary to absorb vibrations; it has a definite 
damping effect. Where bolts are used to hold sealing devices in place, the French 
place 7 tons of pres tress per foot of joint, whereas the British suggest that not less than 
12 tons per foot be applied. If armor plates are being held by supporting bars or lugs, 

Figure 25. Sealing system for 1 to 2 in. of movement. 
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Figure 26. Sealing system for 4½ in. of movement. 

they should be welded to the main reinforcement of the bridge and treated as a cantilever 
with no credit being taken for lug embedment. 

It is an extreme rarity in Europe to see any serious attempt at sealing bridge joints 
without incorporating some rugged type of armor plating of the joint interfaces. The 
husky nature of these armor plating systems may give rise to question, but European 
designers attest to their absolute necessity for any permanency of joint sealing. It is 
felt that they can only seal with permanency where the interfaces have a long life 
expectancy. 

It is the practice abroad to rate a sealing system's performance capability in terms 
of millimeters of movement while the American practice has been to talk in terms of 
percent of joint opening. It is suggested that the European system may be a more real
istic one. 

European designers think in terms of much greater design life than do Americans. 
German bridge designers have advised that they have an overall ultimate design life 
thinking in terms of 80 years of service. Obviously, many of the organic materials 
used in joint seals would be woefully inadequate in this respect but this is recogzined 
and when a sealing material or device is being considered by an engineer-contractor 
firm, its actu.al true performance life is taken into consideration. 

The initial cost of joint sealing systems used in Europe today appears to be signifi
cantly greater than counterpart systems in North America. It may well be, however, 
that the cost over a 10-yr period of service is significantly cheaper. The European 
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Figure 27. Modular sealing system for 12 in. of movement designed for Willamette River Bridge, Ore. 



thinking is to build sophisticated, low maintenance, sealing systems of a predictable 
life initially, and so stretch out the maintenance-free life of the structure (Fig . 24). 

TYPICAL AMERICAN SEALING PRACTICE FOR LONGER SPANS 
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In light of the previously established performance criteria for a joint sealing 
system on longer span bridges, some typical sealing solutions are shown in Fig
ures 25 through 27. 

Figure 25 illustrates a system which is now in widespread use throughout much of 
the United States, Canada and a number of other countries . 

Figure 26 establishes a modular system by incorporating a series of standard seal 
configurations, each with a known movement capability. The appropriate number of 
seal cross sections are selected and separated by counter supported vertical steel 
plates to meet a performance need of 4½ in . , or whatever might be the requirement . 

Figure 27 is a facsimile of a sealing system presently being used on a long-span 
bridge in Oregon with a movement prediction of 12 in. at each joint. While there would 
be no theoretical limit to the amount of movement that could be built into a sealing sys
tem, the above bridge sealing system is apparently the most versatile to date in the 
United States utilizing the principle of compression. 



P olyester Overlays for Road and 
Bridge Protection and Repairs 
NEILS. ESTRADA, Reichhold Chemicals, Inc. 

Sealing of deteriorated concrete surfaces and the provision of 
a new, durable wear surface cannot readily be accomplished 
through the use of conventional paving materials, such as con
crete or asphaltic-concrete. Various synthetic resin systems 
have been evaluated as sealers and as binders for wear courses 
in attempting to resolve this problem. Epoxy resin systems 
have been widely investigated and have the longest history of 
satisfactory use. This paper describes the performance of a 
system based on polyester resins, over a wide variety of ex
posures and use conditions. The polyester system is basically 
quite simple and versatile, involving application of a catalyzed 
resin to a clean, dry, sandblasted road surface at a rate of 
3 lb/sq yd. Clean, dry, round-grain silica is broadcast in ex
cess onto the wet resin. After the resin has cured in 30 to 60 
min the excess sand is brushed off. Three such coats are 
generally recommended, giving a final thickness of at least 
¼ in. The system cures rapidly over a variety of temperature 
conditions, 40 to 110 F, so that traffic can be allowed over the 
surface within an hour after application. 

•THE USE of synthetic thermosetting resins, primarily epoxy resins, as a binder for 
road surfacing has become familiar in recent years. Epoxy resin systems have been 
widely investigated and have a long history of satisfactory use. Less well known are 
the polyester resins, a versatile, low-cost type of resin. 

Concrete and asphaltic-concrete are very usefui materiais for road and bridge sur
faces because of their low cost and excellent performance under usual conditions. It 
is recognized, however, that these materials can show severe failures under adverse 
climatic conditions involving freeze-thaw conditions. Under severe freeze-thaw action, 
concrete can spall, crack and allow penetration into the slab by water and deicing salts. 
Such action may lead to attack on reinforcing steel, which is especially critical on 
bridges or overpasses because of the threat to structural integrity. It is evident that 
bridge or overpass decks are more critical than roadway surfaces, because of the dif
ficulty of replacing them or of bypassing them during periods of repair. Since both top 
and bottom surfaces of a bridge are exposed to freezing action, the effect of freeze
thaw damage is more severe than on a concrete slab on grade. The flexing action of 
bridges also plays a part in creating damage that can be further magnified by freeze
thaw action. It is also evident that improper construction and materials can give rise 
to failures even in mild climates. 

Nearly all areas have older bridges that for various reasons may require resurfacing. 
Bituminous overlays are not always an adequate resurfacing material. They are sub
ject to weathering, which hardens the bituminous binder, to freeze-thaw spalling action 
and to overload stresses. Furthermore, such overlays, once penetrated, do not pro
tect the underlying slab and can mask the attack of water and salts on the reinforced 
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concrete. A further limitation in the case of bridges and overpasses is that a bitumi
nous overlay, which must be applied to an appreciable thickness, contributes a signifi
cant load to the structure, which may tax the structural limitations of the bridge. 

The advent of low viscosity, 100 percent polymerizable, thermosetting resins, such 
as polyesters and epoxies, has permitted a new and effective approach in protecting 
vulnerable bridge surfaces against freeze-thaw spalling, high wheel loadings and ag
gressive chain action and chemical and weathering influences. This is accomplished 
at reasonable costs with minimal interference with normal traffic movement and with 
minimal increase in structural loading combined with excellent wear and traction 
characteristics. 

While polyesters, especially, are very low-cost synthetic resins, the economics of 
their use dictates that they are only justified in the most critical areas and in relative
ly thin applications. On the other hand, bridges and overpasses are critical areas and 
the use of thin applications is consonant with the low increased structural loadings. 

APPLICATION PROCEDURE 

The applications were all of limited extent and were not machine-applied. Appli
cation of the polyester system is basically quite simple. The concrete road surface is 
thoroughly cleaned free of dirt, grease or oil, rubber and 1:lllSound concrete by sandblasting. 
If necessary, unsound concrete is removed by jack-hammering. Acid-etching is not con
sidered a suitable method of surface preparation as it will not remove oil or grease, is 
difficult to accomplish on a large scale and causes delay while the surface is drying. It 
is fundamental for polyester application that the surface to which it is applied be com
pletely dry. Proper surface preparation is essential if the resinous overlay is to per
form properly. Preparation may, in certain circumstances, involve the use of a spe
cial epoxy primer. 

Holes in the cleaned surface are brought to grade with a polyester-sand mortar, 
troweled in. A coat of properly catalyzed polyester is applied to the road surface at 
the rate of about 3 lb/ sq yd (about 1/ 3 gal/ sq yd). The resin is poured over the section 
to be coated and then spread evenly over the surface with stiff push brooms. Notched 
rubber squeegees may also be used. A typical section of 15 ft long by 14 ft wide would 
have about 70 lb of resin spread on it. As soon as the resin is spread, it is covered 
with an excess of the aggregate used. Application is by shovel, with the aggregate 
being thrown into the air in such a manner as to fall vertically into the wet resin. The 
resin sets in approximately 10 to 20 min under normal conditions. Once the resin has 
set, the excess aggregate may be swept off and the surface is ready for another layer 
of resin and aggregate. In general, 'One primer layer and two surfacing layers are rec
ommended. This r esults in an overlay approximately 1/1-in. thick. 

Because of the fluid nature of the resin, the system has a very effective self-leveling 
action. Any minor depressions in the surface tend to fill with resin and the aggregate 
sinks to the bottom of these spots, leaving a "wet" spot on the surface. Further aggre
gate is broadcast over these wet spots until they remain dry. 

A variety of aggregates can be used, but they must be clean, dry and sound in char
acter and free of excessive fines. Angular material can be used and it has performed 
well, but most applications have used a round grain, Eastern silica sand. A mesh size 
of 10-20 gives a good nonskid traction surface, although larger aggregate can be used 
if a rumble strip action is desired. 

Because of the light color of the polyester, the color of the finished overlay is es
sentially that of the aggregate. If desired, the use of suitable colored aggregate will 
give a colored overlay, or the polyester itself may be readily pigmented to give dura
ble colors. It is not considered possible to so pigment the system that it will be identi
cal in appearance to the usual concrete road surface. The additional cost involved in 
pigmenting a resinous overlay can only be justified if some special need requires it, as 
for special lane marking. 

The system is readily mixed and applied with simple equipment. Catalyst and resin 
may be mixed by hand, or with power mixers in an open-head drum. Pot life and cure 
time of the catalyzed resin are adjusted by catalyst level and may be varied to suit a 
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wide variety of temperature conditions. The desirable temperature range is 55 to 90 
F, road surface temperature. However, temperatures as low as 40 For as high as 
110 F may still be accommodated. In this respect the polyester system is more versa
tile than are epoxy systems. 

Although the applications were hand applied, it is quite evident that the entire pro
cess could readily be mechanizelf for large-scale applications. Thus, a minor modifi
cation of the usual road-oil distributor to provide two spray bars, two pumps and two 
tanks would allow spraying of the polyester. The resin would be supplied in promoted 
form in one tank and catalyzed form in the second tank and applied through separate 
spray bars, arranged so that the two sprays mixed as they dropped to the road surface. 
As this technique indicates, mixing is much less critical for the polyester system. Pot 
life would not present a problem, since polyester catalyzed with benzoyl peroxide can 
be stable for several days. Cleaning of mixing heads, typical of epoxy systems, would 
not be needed with polyester. 

The metered resin spray would be followed immediately by a sand spreader. Excess 
sand would be dropped into the fluid resin and the system allowed to cure. Because of 
the ease with which polyester is catalyzed, mixed and adjusted in cure rate, the cure 
time could readily be reduced to less than 15 min. The excess sand could be swept up 
by a power sweeper after the resin had cured and the surface would be ready for another 
application. In effect, the polyester system could be applied as readily as road oil. 
However, because of the rapid and positive cure of the polyester system, the road sur
face could be opened to traffic in less than an hour after the application. 

RESIN CHARACTERISTICS 

Polyesters of the sort being discussed are more properly termed "unsaturated poly
esters. " They are typically a solution in styrene of the esterification product of a gly
col, such as propylene glycol and suitable dibasic acids. The dibasic acids generally 
used are phthalic anhydride (or its isomeric acid form, isophthalic acid) and maleic 
anhydride, which provides the unsaturation. The viscous esterification product is dis
solved in styrene, which reduces viscosity markedly, in the present case to 600 to 900 
centipoises. When properly catalyzed with a peroxide, such as benzoyl peroxide or 
methyl ethyl ketone peroxide, the styrene reacts with the unsaturated maleic groups to 
form a thermoset resin. Only small amounts of catalyst in the range of 1 percent are 
required. 

Polyester cure is initiated by a free - radical mechanism and this has important im 
plications in the use of the resin. Because free radicals can generate cure over a fi
nite distance, mixing of the polyester resin and catalyst is less critical than for sys
tems that cure by a chemical reaction, such as epoxies, where complete mixing is es
sential for proper cure. It is this free-radical mechanism which makes possible the 
simple application of polyester mentioned above, from the intermixing of two sprays of 
resin, with consequent elimination of pot life and clean-up problems. 

Because of the cure mechanism involved and the high state of development of poly
ester technology, it is possible to obtain proper cure over a very wide range of temper
atures-from below 40 F to over 150 F, if needed. In general, this is not possible with 
epoxy resins, especially those systems that are highly diluted with coal tar or asphalt. 
Since polyesters are produced in large volume from low cost raw materials, they are 
relatively inexpensive, in the range of $0. 22 to $0. 35 per pound. They are available 
in a wide range of properties, from rigid to flexible, with excellent abrasion and wea
ther resistance, are essentially colorless and are not toxic nor do they produce 
dermatitis. 

At the beginning of the program, consideration was given to the type of resin to be 
used. Ideally, any overlay applied to concrete should have certain properties: it 
should bond integrally with the substrate, it should seal the substrate from water and 
deicing salts, it should provide at least as good abrasion resistance as the concrete it
self, it should have identical physical properties of thermal expansion and contraction 
over the range of temperatures involved, and, finally, it should be capable of rapid 
cure under a wide variety of conditions. As is well known, concrete does not meet all 



TABLE I 

PROPERTIES OF 31-830 POLYUTE0 (8130) 

Liquid 31 -830 Polylite 

Viscosity, cps at 77 F 
Specific gro vity 
Weight per gallon, lb 
SPI gel chorocteristics: 

Gel time, min. 
Cure time, min. 
Peak exotherm temperature, F 

Cured, Unfi I led Costings of 31-830 Poly lite 

Shore D hardness 
Tensi le strength, psi 
E longotion, % 
F lexura I strength, psi 
F lexvro I modu I us, psi 
Compressive strength 

Hect distortion point, F 
Coefficient of thermal expansion (-30 to 75 F) 

0 Reg. U.S. Pot. Off. 

600-900 
1.13-1.15 
9.5-9.7 

6-8 
9- 12 
300-340 

70-80 
2000-3000 
45-65 
Yields 
Yields 
Yields 
Yields 
11.8 • 10-5 
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of these conditions, nor does asphaltic-con
crete. The characteristics of polyester filled 
with aggregates were sufficiently well known 
that it was clear that no reasonable composi
tion was capable of having the same physical 
properties as concrete. It was especially 
clear that the thermal coefficient of expan
sion and the modulus of elasticity of concrete 
could not be identically matched with a res
inous system, even if a rigid resin were 
used. Stress was placed on those properties 
because of their importance on bridge and 
overpasses that are exposed to low tempera
ture conditions and vibration. 

Based on these considerations, it was de
cided to use a resilient resin rather than a 
rigid resin. It was theorized that as a bridge 
surface expanded and contracted and flexed 
in service, the resilient resin-aggregate ma-
trix, being more flexible than the concrete 
substrate, would readily conform to these 

changes. Accordingly, a special, resilient isophthalic resin1 was used in this pro
gram. The resin has the properties given in Table 1. It is a highly resilient polyester 
with outstanding toughness and combines high elongation with unusually high tensile 
strength. Its properties were reported in detail at the 1964 SPI meeting in Chicago (1). 
It has been the basic resin used in our program and the results appear to verify our -
hypothesis. 

Polyesters do not bond to concrete as well as do epoxy resins. In mild climates, 
where freeze-thaw conditions are not usual, the bond of polyester to concrete appears 
to be adequate for satisfactory service. However, in freeze-thaw areas, where the 
polyester-aggregate matrix is applied to concrete that is on grade and where the slab 
is subject to saturation with water from snow, delamination of polyester overlays oc
curs. To overcome this problem, a special epoxy primer 2 was developed which sup
plies the necessary adhesion. This primer is a 100 percent solids system, of low vis
cosity and rapid cure and is supplied in two parts which are mixed in equal volumes. It 
markedly increases the adhesion of the system epoxy-primer-polyester wear coats to 
concrete and is readily bonded to by the polyester. The epoxy prime coat is applied at 
a rate of 2½ lb/ sq yd, and is also sanded before cure. 

From experience it became evident that a single coat of polyester and aggregate was 
not adequate to provide both wear and sealing of the concrete substrate. This is con
firmed by experience gained by the State of California, using an oil-extended epoxy sys
tem, when it coated some 17 bridges and overpasses in the Donner Summit area of I-80 
in 1964. Although the epoxy system adhered well, it wore through during the first win
ter to such an extent that any sealing action achieved in the application was lost. Our 
present recommended system applies three coats of resin and sand, to yield a final 
coating thickness of approximately ¼ in. The three coats of resin insure a positive 
seal of the concrete substrate and the ¼ in. thickness insures long life. Application 
costs are minimized, since the three coats of resin and sand can be applied within one 
day. Traffic can be allowed over the system well within an hour after the last coat is 
applied. From applications to date, it appears that the material cost of three coats of 
resin and sand or aggregate would be very close to $0.40 per square foot for an over
lay ¼ in. thick. The life expectancy of such an overlay cannot be defined precisely, but 
experience suggests that at least 10 and possibly 20 years are very likely. Should the 

131-830 Polylite, reg. U.S. Pat. Off. 
2SF-6166 Epotuf, reg. U.S. Pat. Off. 
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overlay wear out or become damaged, it would be easy to renew the surface. Sand
blasting to clean the surface would be followed by one or two coats of polyester and ag
gregate. In view of the ease of pigmentation of polyester, the use of color for lane 
marking or for on and off-ramps would be readily accomplished. 

SUMMARY 

A progressive series of test applications of polyester road and bridge surfacings 
was carried out. These overlays have been in a variety of climatic and wear areas. 
While not all applications have been successful, information has been derived from suc
cesses and failures which has allowed development of a system that shows unusual 
promise when exposed in the very severe Donner Summit area. Here the combined 
epoxy primer-polyester wear coat system has pe rformed in a manner much superior 
to recognized commercial epoxy road surfacing systems. 

It would appear that two different systems based on 31-830 Polylite are possible. 
For severe exposure areas, where snow, freeze-thaw spalling and deicing conditions 
exist, and where the bond of polyester on grade is inadequate, a system based on the 
epoxy primer and the resin appears promising. For milder climates, either on or off
grade, a system based on the resin appears to be quite adequate both for adhesion and 
wear. The possibility that the polyester system alone will be adequate in severe cli
mates for bridges and overpasses may be determined by tests now under way. 

Comparisons were made of the performance of the polyester system to epoxy sys
tems and not always to the advantage of the epoxy systems. This was done primarily 
because epoxy resins are generally accepted as being the more suitable for road sur
facing purposes. One of the purposes of this investigation was to bring out the ability 
of polyester resins to perform in a satisfactory manner for the same purposes. 

The low cost of polyester resins, their ease and rapidity of application without com
plex equipment, their controllable speed of cure ever. under adverse temperature con
ditions, their excellent wear resistance under heavy traffic and severe weather condi
tions are all factors in favor of this new and useful material being used to resolve some 
of the problems confronting the maintenance engineer. 

It is quite obvious that testing of road surfacing' materials must be done under actual 
highway conditions. Access to suitable road surfaces can only be obtained through the 
cooperation of various state highway bodies. 
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Durability of Corrugated Metal Culverts 
JOHN E. HAVILAND, PETER J. BELLAIR and 
VINCENT D. MORRELL, Bureau of Physical Research, New York State 

Department of Transportation 

To provide data on corrosion and abrasion rates for corrugated 
pipe, two surveys were conducted-one for steel culverts with 
2 to35 yr ofservice, and another comparing aluminumand steel 
culverts installed for up to 4 yr in similar environments. Un
coated steel culverts are performing satisfactorily, being un
affected by properties of normal soil and water, but with signif
icantly greater durability when bituminous coated or coated/ 
paved. Uncoated aluminum culverts are proving durable, in
dicating no need for such protection. Abrasion was found to be 
of minor influence. A statistical method for estimating metal 
loss, and a design procedure are presented.1 

•EACH year, vast qill!,ntities of corrugated metal pipe culvert are used in the nation's 
highways. The cost of these installations represents a substantial portion of the high
way dollar. This has stimulated numerous studies to determine optimum size and gage 
for given installations, based on hydraulic and structural requirements. These studies 
have provided sufficient data to design the given installations with reasonable assurance 
that they will carry anticipated flow and support structural loads imposed. By contrast, 
culvert durability or life expectancy is an important design aspect that has received less 
attention. 

Life expectancy of corrugated metal pipe is governed by the rate of metal loss due to 
corrosion a nd/or erosion. If sufficient metal is removed, the culvert becomes struc
turally unstable and failure ultimately occurs. Rate of metal loss, however, is difficult 
to predict. One of the most reliable means available to the designer is to examine ex
isting culverts in the same stream channel where a new culvert will be placed. A prac
tical alternative is to evaluate the performance of a large number of installations of 
various ages in different environments, as a basis for developing design criteria. 

In the absence of any previous systematic study of corrugated metal culvert durability 
in New York State, this investigation was initiated to provide highway designers with 
reliable data on corrosion/ erosion rates of corrugated aluminum and galvanized steel 
culverts under the environmental conditions encountered in this State. 

Two separate studies were conducted to accomplish this objective. One was a single, 
comprehensive, statewide survey of 792 bituminous coated and uncoated galvanized steel 
culverts installed between 1930 and 1963. The other, still under way, consists of peri
odic evaluations of coated and uncoated galvanized steel and uncoated alclad aluminum 
culverts exposed to similar conditions at 21 locations throughout the State. (For the 
remainder of this report the terms "steel culverts" and "aluminum culverts" will in
dicate corrugated galvanized steel culverts and corrugated alclad aluminum culverts, 
respectively.) This phase is referred to here as the comparison survey, in contrast to 

1Extensive data appendi xes on culvert locations and field surveys are omitted because of space limita
tions. They are available {Research Report 66-5) from the Bureau of Physical Research, New York State 
Department of Transportation, Albany, New York 12226. 
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the steel culvert survey. Since the Department only recently (1964) permitted use of 
aluminum culverts in state highway construction, the latter investigation is based mainly 
on culverts installed by other public and private users since 1961. In view of the short 
period that these culverts have been in use, their performance cannot be conclusively 
evaluated at this time. It is planned, therefore, to continue periodic observations and 
tests for several years, and to include other comparative installations in future construction. 

An important aspect of this investigation involved comprehensive review of available 
literature (to June 1966) on the subject of culvert durability. Because of widespread 
interest in this subject and numerous inquiries received concerning findings of other in
vestigators, each reference reviewed has been summarized in Appendix A. No attempt 
has been made to compare the results of these studies, the intent being to present a con
cise transcript of only the authors' results and conclusions. 

EVALUATION PROCEDURES 

Testing Program 

Both surveys included series of on-site tests to identify environmental conditions 
considered likely to influence culvert durability. In the case of the steel culvert survey, 
the large number of sites visited necessitated limiting actual measurer.;enh; to pH and 
electrical resistivity determinations, other tests being y_ud-iii;acive, estimated, or re
stricted to the comparison survey. Details of the procedures and equipment used are 
given in Appendix B. It is important to note that all tests in soil were performed on 
culvert backfill material only, and those in water in the stream channel near or within 
the culvert. 

Hydrogen-Ion Concentration (pH)- In chemistry, one criterion used to classify fluids 
is the pH concept· that is, the amow1t of free hydrogen ions present in a unit volume. 
On a standard numerical scale, a pH of 7. 0 represents the chemically neutral condition 
of pure water. Values less than 7. 0 denote an acid condition (with the degree of acidity 
increasing with decreasing pH), while values greater tha11 7. 0 correspond to increasing 
alkalinity. 

This concept is applicable in studies of metal culvert durability in that most drainage 
structures carry water contaminated with certain naturally occurring chemicals, in
dustrial wastes, or other pollutants. If the solution is sufficiently acidic or alkaline, 
as measured by the pH, corrosion may be accelerated. Some investigators (1, 2, 3, 4) 
have reported a strong association between pH and rate of corrosion, while other::; 15; 
.§_) have found no apparent relationship. -

Hardness and Saturation-Water containing an excessive amount of calcium carbonate 
is said to be "hard." When the quantity of this compound present in a solution exceeds 
the amount necessary to produce saturation, generally considered to be more than 180 
parts per million, the excess settles out and forms a coating on the surface it contacts. 
In the case of steel culverts, this coating helps to retard corrosion. On the other hand, 
calcium carbonate is usually aggressive toward aluminum, and under certain conditions 
can accelerate corrosion. 

Chemical Tests-Qualitative chemical tests were performed on water and soil sam
ples to determine the presence or absence of the following ions: sulfides, sulfites, sul -
fates, chlorides, nitrates, ammonia, ferrous iron, and ferric iron. 

Electrical Resistivity-Corrosion is an electrochemical process involving flow of 
minute electrical currents between points on a metal having different electrical poten
tials. In culverts, current flows through the surrounding soil and water in seeking the 
path of least resistance. Since the magnitude of the current is governed by Ohm's law 
(E = IR), a small resistance (R) will be accompanied by a large flow of current (I) for 
a given potential (E) and a corresponding high rate of electrochemical corrosion. Ag
gressive electrochemical corrosion is generally associated with soil-water systems 
having a resistivity less than about 1000 to 1200 ohm-cm. 

Electrical Potential -Theoretically, the electrochemical current associated with cor
rosion can be calculated if the electrical resistance and potential difference are known. 
It should then be possible to relate current flow to rate of corrosion as expressed by 
the amount of metal lost. 
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Flow Velocity-Knowledge of stream velocity is essential in evaluating culvert metal 
loss resulting from abrasion by material carried in the stream. Sediment-laden streams 
flowing at velocities of about 8 fps or more are generally considered aggressive from 
the standpoint of abrasion. The quantity, type, shape, and grain size distribution of 
sediments are also important, but obtaining this information requires a substantial ef
fort when a large number of installations are studied. In this investigation, therefore, 
classification of sediments was based on visual examination at each site. 

Inspection 

Each culvert was inspected throughout its entire length (minimum diameter was 24 
in.). Culverts containing deposits were cleaned at various points along the invert to 
permit metal inspection and sampling. Pertinent information recorded included general 
condition of the culvert, percent bituminous coating removed (where used), and esti
mated average metal loss. Physical and environmental conditions recorded in relative 
or qualitative terms included: inlet channel and culvert grades, velocity and apparent 
regularity of flow, general nature of the bed load in terms of potential abrasiveness, 
accumulation of sediment in the invert, land use, and topography. 

Metal loss was determined by visual examination accompanied by soundings made 
with a geologist's hammer. Removed metal was estimated to the nearest 5 percent of 
original thickness and prorated on the basis of area affected to determine average metal 
loss for the entire culvert. The reliability of this method was established early in the 
investigation by comparing the estimates with actual measurements of 1-in. diam sam -
ples cored from 67 culverts. Samples were carefully cleaned in the laboratory and their 
thickness compared to the standard gage size specified in the construction contract. As 
a further check, sample thickness was also compared to average thickness of several 
areas of the culvert where no metal loss had occurred. When analyzed statistically, 
the data indicated a favorable degree of linear correlation (r = 0. 73 at the 95 percent 
confidence level) between estimated and measured thickness. 

Metal loss reported for each culvert refers to the longitudinal section containing the 
most severe distress over the entire length, exclusive of the first few feet at each end. 
For culverts carrying continuous flow, this section corresponded to the zone between 
high and low water lines, while for culverts with intermittent flow it usually was the por
tion of invert containing the lowest point on the culvert cross-section. This approach 
is considered more realistic than the "first perforation" concept used by some investi -
gators, because it recognizes that service life does not terminate upon initial perfora
tion. This was clearly demonstrated by the fact that no case of structural failure was 
encountered in the surveys, although perforation was observed in a few older installations. 

STEEL CULVERT SURVEY 

Selection of Culverts 

This survey involved examinations of steel culverts in three basic classes or groups: 
111 uncoated, 238 bituminous coated, and 443 bituminous coated/paved. When inspected 
in 1965, the culverts in each of these three groups ranged in age from 2 to 35 yr. Addi
tionally, distribution of each group provided representation in major geographic areas 
of the state and, hence, included all physiographic provinces. Figure 1 shows locations 
of 159 construction contracts containing the culverts inspected. In terms of original 
metal thickness, the installations ranged from No. 1 gage (0. 2690 in.) structural plate 
pipe down to No. 16 gage (0. 0598 in.) fabricated metal pipe. Eighty-one percent (642 
culverts) were within the narrow inclusive range of No. 14 gage (0. 07 47 in.) to No. 10 
gage (0.1345 in.). 

Environment 

Evaluation of environmental conditions at each of the 792 sites included pH and elec
trical resistivity measurements of soil and water, a qualitative determination of satura
tion with respect to calcium carbonate, and an estimate of flow velocity. In addition, 
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Figure I. Locations of contracts included in statewide survey of steel culverts of various ages. 

various physical features were described in general terms. Because the volume of data 
collected is too large to include in this report, only a summary is given here. 

Hydrogen-Ion Concentration (pH)-Because of sustained drought over the entire State, 
only 299 culverts contained water. Moreover, difficulties were experienced with the pH 
meter, so that only 152 were tested. However, these were widely distributed and in-
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Figure 2. Composite iso-pH map of stream flow data (collected by USGS, NYS Department of Com
merce, NYS Department of Health, and NYS Deportment of Transportation). 
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eluded mountainous, agricultural, wooded, industrial , and swampy areas. Under these 
varied conditions, pH was found to range within the narrow limits of 6. 2 to 9. 0. The 
majority of culverts (142) contained water with pH's of 7.0 to 8.9, while the extreme 
values each occurred only once. These results agree remarkably with similar tests 
conducted independently in small streams throughout the State by the New York State 
Departments of Health and Commerce, and the U. S. Geological Survey (7, 8 ). Data from 
all sources have been combined to form a composite iso -pH map of New-York (Fig. 2), 
excluding the southernmost area where insufficient data were available. 

It should be stressed that the distribution shown only distinguishes areas of generally 
similar pH, and is not applicable for precise determinations at specific locations. This 
is especially true when considering a culvert installation immediately adjacent to a chem -
ically deleterious effluent, where proximity to the point of discharge, the volume of dis
charge, etc. , will determine pH of the combined fluids carried by the culvert. However, 
the fact that no highly aggressive conditions were recorded, even though some culverts 
were as close as 20 ft from the discharge point of industrial effluent, suggests that dilu
tion may occur rapidly. 

The pH of soil surrounding each culvert was measured at 787 installations. Values 
varied from a minimum of 3.8 (one site) to a maximum of 9.4 (one site), with 728 sites 
(92 percent) between 6. 0 and 8. 9. There was no apparent relationship between pH of soil 
and water at each site. 

Electrical Resistivity-Water resistivities were established in all 299 culverts con
taining water, the values ranging from a minimum of 50 ohm-cm at two sites to a maxi
mum of 30,000+ ohm-cm in nwnerous cases. Significantly, only 8 sites (2.6 per cent) 
were less than 1000 ohm-cm, while 263 sites (88 percent) were more than 2000 ohm-cm. 

A similar range of resistivities was encountered in soil. Of the 792 sites tested, 
only 10 had values less than 1000 ohm-cm, and 744 sites (94 percent) were greater than 
2000 ohm-cm. In general, resistivity of the soil and water at each site was of essen
tially the same magnitude. This narrow range for soil probably resulted from use of 
select granular backfill. 

Electrical Potential -A series of electrical potential measurements were made at 
selected locations where electrical resistivity had been determined. However, the re
sults were erratic and the test was abandoned early in the survey in favor of a polariza
tion technique, not reported here, which when fully developed may yield reliable cor
rosion current values directly. 

Saturation-Calcium carbonate saturation was qualitatively determined at 148 sites. 
About the same numbers were found to be saturated and unsaturated-76 and 72, re
spectively. Their distribution was fairly uniform throughout the State, without apparent 
correlation to limestone or dolomitic rock formations. 

Flow Velocit y-Water velocity was estimated at 291 sites and designated moderate 
(5. 0-7. 9 fps), slow (2. 0-4. 9 fps), or stagnant (less than 2. 0 fps). The cor r esponding 
numbers of sites in each category were 7,113, and 171, respectively. No instance of 
rapid flow (greater than 8. 0 fps) was noted, possibly because of the statewide drought. 

Other Factors-The distribution of culverts by various other classifications was as 
follows: 

Flow: continuous 289, intermittent 502 
Inlet grade : steep 64, moderate 190, flat 537 
Culvert grade : steep 24, moderate 134, flat 633 
Invert: sediments 375, no sediments 416 
Topography: mountainous 87, flat 199, rolling 446 
Land use: industrial 3, residential 17, open field 48, 

agricultural 114, wooded 141, combinations 473. 

Condition of Culverts 

A wide range of performance was encountered in all three classes of steel culvert. 
Many new and old installations exhibited essentially no metal loss; others in 
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each category showed localized perforation. Complete loss of invert was found for one 
uncoated culvert (26 yr old) and one coated culvert (31 yr old). However, no case of 
structural failure was found. 

In general, culvert extremities were more distressed than interior portions. This 
was attributed to the combined effects of hydraulic end conditions, to exposure to the 
elements-particularly the sun's rays and changes in ambient temperature, and to other 
factors having considerably less influence on interior sections of pipe. Because the 
extreme ends were judged to play a minor part in the overall integrity of an installation, 
they were not included in the estimate of average metal loss. 

An important finding of this survey is that metal loss associated with corrosion orig
inates on the culvert's interior surface and progresses toward the exterior surface. 
This was borne out by the 67 specimens cored from old and young pipe, with and with
out coating/paving, and from crown areas as well as inverts. The exteriors of 38 spec
imens had the galvanizing or bituminous coating intact, and 17 others exhibited negli
gible corrosion. The remaining 12 specimens showed various stages of corrosion; 
however, these were sampled from portions of uncoated pipe adjacent to leaking joints 
and in heavily corroded sections of invert which were almost completely penetrated 
from the inside. It was also found that with few minor exceptions, progressive cor
rosion was confined to the area below the waterline. Some corrosion was noted above, 
but even in older culverts penetration was shallow. Collectively, these facts provide 
information valuable in helping to resolve the long-standing question concerning the 
distribution of corrosion in metal culverts. 

With regard to causes of the recorded metal loss, the results suggest that abrasion 
is a minor contributor. There was little evidence of polishing, damage to fasteners, 
concentrated wear on the upstream side of corrugations, or other typical characteris
tics of abraded surfaces. This is consistent with the range of estimated stream veloc
ities and with the magnitudes of metal loss. This interpretation is further supported 
by results of a linear regression analysis of coating loss vs age. The average time 
required to remove 50 percent of the portion of bituminous coatings below the water
line was 12 yr for coated culverts, and 35 yr (projected) for the coated/paved culverts. 

It is appropriate to mention that the condition of a culvert can be grossly underrated 
when based solely on a cursory visual observation excluding soundings and careful ex
amination. Often, what appears to be severe corrosion, as evidenced by widespread 
discoloration and pitting, proves to be typical surface corrosion which is progressing 
at a nor111al pace. A case in point is a t~o. 5 gage structural plate pipe vv·hich discharges 
a stream into the Hinkley Reservoir in Herkimer County. Installed about 1950, this 
culvert was reported as severely corroded after 15 yr of service, and the Department 
was concerned that it would require replacement long before its anticipated useful life 
was reached. Careful visual inspection indicated that nearly the entire interior surface 
was rusted (the pipe is completely inundated when the reservoir is full), and the invert 
covered with numerous tubercular corrosion products. In spite of this discouraging 
appearance, metal loss in the most severely corroded areas was found to be between 
20 and 40 percent of the original thickness, and only 15 percent on average, or 1 percent 
per year of service. The balance of the cross-section had essentially no metal loss. 
It was concluded that the culvert was in far better condition than its appearance indicated. 

Analysis 

The data were analyzed statistically with an electronic computer to determine the 
relationship, if any, between culvert performance and environmental conditions. Aver
age metal loss was used as the measure of performance so that the three classes of 
steel culverts (uncoated, coated, coated/paved) could be compared directly. This made 
it possible to evaluate effectiveness of the bituminous coatings in retarding metal loss. 

Regression Analysis-Complete data were obtained for 146 installations which in
cluded all three classes of culverts but were evaluated as a common group. These 
were evaluated initially by a regression analysis. The pH and electrical resistivity of 
the soil and water, and the age of each culvert were treated as independent variables. 
Metal loss, expressed as a rate in inches per year (ipy ), was the dependent variable. 
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By applying a stepwise regression technique in which the independent variables were 
successively eliminated from the analysis, the relative influence of each variable on 
metal loss was established. From this analysis, culvert age was determined to be the 
only statistically significant factor. 

To determine whether the analysis was influenced by interaction of other variables, 
the procedure was refined by grouping the data in various ways. For example, the cul
verts were grouped into five geographic areas and a multiple regression analysis was 
performed for each area. Other groupings evaluated included: land use (agricultural, 
industrial, wooded, etc.), topography, relative stream velocity, saturation with respect 
to calcium carbonate, presence or absence of sediment in the culvert, and presence or 
absence of a bituminous coating. As before, the only statistically meaningful correla -
tion among the five variables was between average metal loss and age, the degree of 
association being about the same for the coated and uncoated classifications. 

These results suggested that a simple linear correlation between cumulative metal 
loss and the corresponding age of all culverts inspected in each class might provide a 
useful comparison. Figure 3 illustrates this relationship for uncoated, coated, and 
coated/paved culverts. The wide range in metal loss is immediately apparent. Many 
culverts in each category had no metal loss at ages through 30 to 35 yr, while others 
exhibited appreciable loss in much shorter periods. Such variations emphasize the 
importance of evaluating a statistically large sample to provide a satisfactory repre
sentation of the culvert population. 

A condition that could not be explained is the abrupt increases in the upper limits of 
metal loss corresponding to the 10 to 15-yr and 25 to 30-yr age intervals. These occur 
in all three categories, but are most pronounced for the coated culverts. Since the 
affected culverts are located in widely separated areas, unusual environmental condi -
tions, such as floods and specific suppliers, were ruled out as possible causes. In
quiries among fabricators established that no apparent changes had occurred in the 
quality or composition of the sheet steel and bituminous materials supplied during these 
periods (1935-1940 and 1950-1955). Because the number of culverts with abnormally 
high metal loss is only 7 percent of the coated installations, and considerably less for 
the uncoated and coated/paved pipes, their effect on this analysis is not significant. 

In Figure 3, the straight lines represent the best fit of the data based on a least
squares linear regression analysis. These lines denote the average relationship be
tween total metal loss and age, and provide a useful means of comparing relative per
formance of the three classes of steel culvert. Referring to the coefficient of the "X" 
term in the equations of the lines, uncoated culverts exhibited an average metal loss of 
0. 00137 ipy, compared to 0. 00085 ipy for coated pipes (or 62 percent as much), and 
0. 00029 ipy for coated/paved culverts (or only 21 percent as much). Stated another 
way, on the average, the rates of metal loss are in the ratios of 4.7:2.9:l.0 for uncoated, 
coated, and coated/paved pipe, respectively. This clearly demonstrates the long-term 
effectiveness of bituminous coatings, particularly the coated/paved combination. Other 
supporting evidence is the progressive reduction in maximum metal loss recorded (un
coated= 0.134 in., coated = 0. 094 in., coated/paved = 0. 054 in.), accompanied by an over
all decrease in disperson of the data. Due to the large number of culverts having little 
or no metal loss, the data points are not normally distributed, in the statistical sense, 
about the regression lines. Consequently, the standard error of estimate and the cor
relation coefficient are not applicable. A more rational method of predicting probable 
metal loss for design purposes is presented later. 

There is ample evidence in the literature to support the finding that the corrosion 
rate of steel is not influenced by pH over the range of values measured in this survey. 
For example, Uhlig (6) states: ''Within the range of about pH 4 to 10, the corrosion 
rate is independent of pH, and depends only on how rapidly oxygen diffuses to the metal 
surface .... Oxygen concentration, temperature and velocity of the water alone deter
mine the reaction rate. These facts are important because practically all natural 
waters fall within the pH range 4 to 10. This means that whether a high or low carbon 
steel, or similarly a low alloy steel (e.g., 1 to 2 percent Ni, Mn or Cr) or wrought iron, 
or cast iron, or cold-rolled mild steel are exposed to fresh or sea water, the observed 
corrosion rates in a given environment are all essentially the same .... " 
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Figure 3. Metal loss with age. 

In light of this information, it 
is appropriate to compare theper
formance of the uncoated culverts 
with typical corrosion in other con
texts. Reported corrosion rates 
of steel cover a broad range, de
pending on specific chemical en
vironment, composition of steel, 
temperature, etc. However, aver
age values for steel exposed for 
long periods to quiet natural wa -
ters, to salt water, and to indus
trial atmospheres are most often 
quoted between the narrow limits 
of about 0. 001 and 0. 005 ipy. J\w1:uch 
higher values are encountered in 
moderate to swift flowing waters. 
In comparison, 86 percent of the 
uncoated culverts developed less 
than 0. 002 ipy loss, and the max
imum rate recorded was 0. 005 ipy 
for the one culvert with a com
pletely removed invert. 

Culverts, then, have performed 
quite satisfactorily from the stand
point of "normal" corrosion. The 
relatively small rates of loss sug
gest that galvanizing effectively 
retarded corrosion during early 
years of exposure. Equally sig
nificant, the results also indicate 
that mechanical abrasion played 
a minor part, and that the recorded 
metal loss is primarily due to cor
rosion. As previousiy noted, this 
was substantiated, in part, by the 
absence of evidence of abrasion 
in all but a few of the culverts, 
and by the durability of the bitumi
nous coatings. 

Another consideration in eval -
uating performance is the percent 
of original metal thickness re
moved, since this provides a mea
sure for estimating service life 
of existing installations. For un
coated culverts less than 10 yr 
old, metal loss averaged 3 percent, 
and the maximum recorded was 
23 percent. Corresponding values 
in the 10 to 24-yr group were 10 
and 50 percent, respectively. The 
oldest group of uncoated culverts 
(those 2 5 yr and older) averaged 
29 percent metal loss and included 
the one with 100 percent invert 
loss. Significantly, about 70 per
cent of this group lost less than 
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half their original thickness. This indicates that over 40 yr of service can be expected 
for most existing uncoated culverts. 

Bituminous-coated culverts performed better. For example, 73 culverts comprising 
the 10 to 24-yr group developed an average 6 percent metal loss. The 138 pipes in the 
group 25 yr or older averaged 18 percent loss, with 70 percent missing less than one
quarter of their original thickness. Therefore, service life of 50 yr or more can be 
anticipated for most existing coated culverts. A comparable analysis of the coated/ 
paved culverts indicates that they can be expected to provide satisfactory service be
yond the practical limits of design life. 

A note of caution is essential here. During the 33-yr period represented by these 
culverts, design procedures incorporated large safety factors to compensate for lack 
of accurate information concerning load distribution. The thick metal resulting from 
this conservative approach provided a substantial margin for loss from corrosion/ero
sion. ID large measure, this fact accounts for the longevity of the culverts inspected. 
However, research has recently made possible dramatic reductions in safety factors, 
permitting use of thinner gages than would previously have been allowed for similar 
structural design conditions. ID some instances, reductions in metal thickness of as 
much as 40 percent have resulted. It is important to realize, therefore, that future 
culverts must be selected on the basis of both structural and durability requirements. 

Frequency Distribution- From the standpoint of design, the regression analysis does 
not accurately define the mathematical association between metal loss and age. Stated 
in statistical language, the variations in metal loss are only partially explained by the 
corresponding variations in age. (A much higher degree of correlation probably would 
be obtained if it were possible to include the environmental variables mentioned pre
viously: namely, the temperature, oxygen concentration, and velocity of the water. How
ever, a series of repetitive measurements would be required at frequent intervals over 
a long period for accurate description of these variables. Moreover, available methods 
for determining oxygen concentration in the field are, at best, approximate.) However, 
when viewed in the form of a cumulative frequency distribution of rate of metal loss, the 
association is more meaningful. 

Figure 4 shows the idealized frequency distribution for the three classes of steel cul
verts. Each curve was constructed by plotting the percentage of culverts (ordinate), 
regardless of age, that equaled or exceeded successively greater average rates of metal 
loss (abscissa). The resulting graphs were then adjusted slightly to fit a continuous 
curve, with the general equation y = e -fx representative of the entire population of culverts. 
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The advantage of this type of presentation is that every result is embodied in the curves 
and, therefor2, statistical interpretations can be referenced to all culverts in each class. 
For example, the large number of coated/paved culverts that exhibited no metal loss, 
on average, is reflected in the steep slope of the corresponding curve down to about the 
15 percent level. The superior performance of this class of pipe, compared to the un
coated and coated culverts, is also apparent. 

An important characteristic of the frequency distribution is that it provides a direct 
means of estimating probability of occurrence of a selected rate of metal loss. To il
lustrate, 10 percent of uncoated culverts had a metal loss equaling or exceeding about 
0.0025 ipy. One can predict, therefore, that 10 percent (1 of 10, 10 of 100, etc.) of future 
culvert installations exposed to the same range of environmental conditions will exhibit 
this rate of loss. Conversely, 90 percent will show lower losses. Such predictions 
are, of course, only as reliable as the data from which they are derived. Accordingly, 
site conditions differing from those encountered in this survey would require special 
consideration. For example, even though little evidence of severe abrasion is found, a 
site may be selected where excessive bed load abrasion is anticipated. Two cases where 
such abrasion is suspected are described in the comparison survey. In other instances, 
indications of corrosion associated with sedimentation were noted, but no valid correla -
tions could be established. Except for these unusual situations, the curves in Figure 4 
provide the Department with a more rational basis for estimating the life expectancy of 
steel culverts than has been available. 

Design Considerations 

Once the hydraulic requirements of a proposed culvert have been satisfied, struc
tural adequacy and durability must be considered in arriving at the final design. These 
factors determine the combinations of gage thickness and class of culvert required to 
insure acceptable performance. The structural aspects of culvert design are extremely 
complex and will not be discussed here, except to note that they are incorporated in the 
Department's current design criteria for fabricated and multi-plate culverts. With re
gard to durability, the primary points to be resolved are how to estimate the amount of 
metal loss for a specified design life, and how to translate the result into required gage 
thickness. 

Estimating Metal Loss-Because the rate of metal loss at a particular site is depen
dent upon environmental conditions not readily measurable, the designer must exercise 
engineering judgment in selecting an appropriate value. Primarily, he must decide on 
the degree of reliability of his estimate required by the function and relative importance 
of the proposed culvert. Driveway pipe, for instance, serves light traffic, is relatively 
easy to replace when necessary, and would not present a serious problem if actual metal 
loss occasionally exceeded the amount estimated. Therefore a design rate corresponding 
to the 40 to 30 percent probability range in Figure 4 might be appropriate. On the other 
hand, a culvert for a primary or Interstate highway serves heavy traffic, is frequently 
installed under high embankments, and is expected to have a long service life with mini
mum maintenance. Here, a small allowable risk is indicated and, therefore, a proba
bility of 10 percent or less would be in order. 

It should be clear that whatever probability (level of risk) is chosen, the value indi -
cates the percentage of culverts that are expected to equal or exceed the corresponding 
rate of metal loss. A 5 percent probability, for example, means that 5 of every 100 un
coated culverts, or any other equivalent proportion, will lose metal at a rate of 0.0042 
ipy or more. For coated and coated/paved pipe, corresponding rates are 0. 0023 and 
0. 0008 ipy, respectively. It follows that the lower the probability, the smaller is the 
risk of a culvert exceeding the predicted rate. Once the design rate is selected, multi
plication by the design life, in years, gives the estimated total metal loss. 

Required Gage-Having tentatively selected a culvert fulfilling the structural require
ments, the designer must consider the effects of the estimated metal loss. It can be 
argued that crucial periods in the life of a culvert occur during installation as a result 
of handling and construction operations, and during its early years of service when the 
soil cover is adjusting to the weight of the embankment and other loads. Because of 
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uncertainties concerning actual stresses induced during these periods, current struc
tural design procedures provide for factors of safety varying from about 2. 0 for buck
ling stresses to about 4. 0 for deflection and seam strength. Since it has been demon
strated that little metal is lost during the early years, these required safety margins 
are essentially upheld over this period. 

It is logical, however, to question whether the entire initial thickness of metal is 
necessary when the design life of the culvert is approached. The fact that no structural 
failures were noted in this investigation, even where the entire invert was removed, 
suggests that something less than the original thickness is needed to insure lifelong 
structural integrity. This idea is not new. In fact, some engineers have claimed that 
once the structure of the soil surrounding a culvert is fully developed and attains static 
equilibrium, most of the load is carri~d by the soil, and the culvert primarily provides 
containment. While such a design assumption would entail substantial risk, a compro
mise providing a measure of safety but also recognizing the load-carrying contribution 
of the soil seems appropriate. 

A suggested approach is to require a design safety factor of 1. 0 when the culvert 
attains its design life, and is scheduled for replacement. Thus, the difference between 
the initial thickness required for full structural support and the reduced final thickness 
corresponding to a safety factor of 1. O would be available for corrosion/erosion. Ac
tually, the real safety factor would be greater than 1. 0 because of the safety margins 
inherent in allowable working stresses, and the fact that metal loss occurs within a 
limited portion of the culvert cross-section. If this difference equals or is less than 
the predicted metal loss, the selected gage will be adequate. If sufficient metal is not 
available, then a heavier gage would be necessary. The likelihood of this occurring, 
of course, is greatest for uncoated culverts because of their relatively hir;h rates of 
metal loss. On the other hand, only a small percentage of coated/paved pipe would 
probably require an increase in metal thickness. 

In summary, design of corrugated galvanized steel culverts should consider dur
ability as well as structural adequacy. Once a culvert has been tentatively selected on 
the basis of the Department's current structural design criteria, it should be examined 
for potential corrosion/ erosion as follows: 

1. Assign a metal loss probability value commensurate with the intended use of the 
culvert, and select the corresponding design rate from Figure 4. 

2. Compute estimated total metal loss as the product of design rate and design life. 
3. Establish the thickness required to provide the minimum safety factor acceptable 

at the end of the design life. A safety factor of 1. 0 is suggested. 
4. If the sum of 2 and 3 equals or is less than the gage of the pipe selected, the de

sign is acceptable. 
5. If the sum of 2 and 3 is greater than the gage of the pipe selected, a deficiency of 

metal is indicated and a greater thickness is required. 

Illustrative Example-The following example is applicable only to steel culverts. This 
example is intended to demonstrate the suggested procedure for estimating metal loss. 
Accordingly, values believed to be reasonable have been assumed to illustrate the con
cepts involved. In practice, the Department's structural design criteria should be used 
to determine the required thicknesses. 

Assume that a 48-in. round, corrugated, galvanized steel culvert is required for cross
drainage beneath an embankment for a secondary highway. Structural considerations 
require an initial wall thickness of 0.1644 in. (No. 8 gage), and a final thickness of 0. 038 
in. after 30 yr, to provide a minimum safety factor of 1. 0. Environmental conditions 
typical of those described are anticipated. 

1. The class of highway and the 30-yr culvert design life define a medium-risk sit
uation. An appropriate probability value of 15 percent is chosen for this example. 

2. Select the corresponding rates of metal loss from Figure 4, and compute the esti
mated total metal loss : 



52 

uncoated 0.0017 ipy x 30 yr 0.051 in. 
0.036 in. 
0.006 in. 

coated 0.0012 ipy x 30 yr 
coated/paved = 0.0002 ipy x 30 yr 

3. Initial thickness required to insure a residuum of 0. 038 in. at the end of 30 yr: 

uncoated 0. 051 in. + 0. 038 in. 
coated 0.036 in. + 0.038 in. 
coated/paved = 0.006 in. + 0.038 in. 

= 0. 089 in. < 0.1644 in. ok 
0. 07 4 in. < 0. 1644 in. ok 
0. 044 in. < 0. 1644 in. ok 

In this example, structural requirements during installation control the design. The 
No. 8 gage required will also provide ample thickness for total metal loss estimated for 
all three classes of pipe. While an uncoated culvert would be the obvious choice in this 
case, final selection should be based on economic considerations in light of all the cul
verts included in a construction contract. 

In practice, situations will occur where estimated metal loss for an uncoated pipe 
will exceed the amount furnished for structural requirements, while the same pipe 
coated or coated/paved will be satisfactory. An example would be an Interstate in
stallation with a design life of 40 yr. Here, a low-risk probability of 5 percent would 
be appropriate. The corresponding estimated total metal loss would be 0.176 in. for 
an uncoated pipe, O. 092 in. if coated, and O. 028 in. if coated/paved. Applying these val
ues to the illustrative example, the No. 8 gage would not provide sufficient thickness for 
an uncoated culvert. Therefore, the designer would have to decide between a coated or 
coated/paved No. 8 gage fabricated pipe, or a heavier gage uncoated multi-plate pipe. 

COMPARISON SURVEY 

The intent of this portion of the investigation was to evaluate the long-term durability 
of aluminum and steel culverts similarly exposed to the environmental conditions found 
in New York. However, because aluminum culverts were not specified in State con
struction until 1964, their performance cannot be rated conclusively for several more 
years. As an interim measure, some aluminum culverts installed by other agencies 

• 
• • • • 

• • •• • • 

• original survey 
contract locations 

• supplementary survey 

contract locations 

• • 
• ... 

• • 

Figure 5. Locations of aluminum and steel culverts of similar ages. 
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between 1961 and 1964 were examined and compared with steel culverts in the same or 
adjacent waterways. 

It was not always possible to select sites providing identical exposure for both types 
of culverts. Moreover, a few of the steel culverts are considerably older than their 
aluminum counterparts, and at two locations no steel pipes were available for compar
ison. Therefore, the results reported are preliminary, pending an evaluation of side
by-side installations in recent and future State construction. To date, 6 contracts have 
been negotiated which contain 26 culverts for this study. The performance of these and 
subsequent test installations will be evaluated in a future report. 

Selection of Culverts 

Twenty-one sites containing 34 aluminum and 26 steel culverts were selected. Their 
distribution is shown in Figure 5. Every condition included in the steel culvert survey 
is also represented here, except an industrial waste environment. 

All aluminum pipes are uncoated, since no bituminous-coated culverts installedprior 
to 1965 could be identified. This apparently reflects the widespread interest in uncoated 
aluminum culverts that accompanied their introduction in 1959. By contrast, 4 of the 
steel culverts are bituminous coated/paved, 4 bituminous-coated, and 18 uncoated. Gage 
sizes of the aluminwn pipes range from No. 8 (0.1644 in.) to No. 14 (0. 07 47 in.), while 
the steel pipes vary between No. 3 (0. 2391 in.) to No. 16 (0.0598 in.). The No. 12 gage 
(0.1046 in.) is the roost common size for both types. 

Environment 

Beginning in June 1964, essentially every culvert was inspected monthly for nine con
secutive months, excluding December 1964 and January and February 1965, because of 
snow and ice conditions. During each inspection, the environmental tests discussed at 
the beginning of this report were performed, and metal loss was estimated visually by 
the procedure described. The only exceptions were velocity measurements, which were 
made during the anticipated period of peak flows-March, April and May 1965. At the 
end of the 1-yr program, 90 cored samples of 1-in. diam were removed (71 from the 
aluminum culverts and 19 from the steel culverts) and measured for actual metal loss. 

With a few minor exceptions, the pH, electrical resistivity, and stream velocity re
sults of the two surveys were in agreement. For example, water pH values among the 
comparison sites ranged from 6. 2 to 8. 8. This compares closely with the 6. 2 to 9. 0 
range recorded for the steel culvert survey. On the other hand, only 30 percent of the 
comparison sites were classified as being saturated with respect to calcium carbonate, 
against 51 percent of the steel culvert survey sites. However, this difference is aca
demic in light of the absence of correlation between this environmental variable and 
metal loss, as previously discussed. Two other tests, for hardness and chemical prop
erties, were performed at the comparison sites. The results indicate a preponderance 
of soft water (low calcium carbonate concentration), and the frequent occurrence in solu
tion of ions of iron (Fe + 3

), ammonia (NH4 )+1, and nitrate (NO3 )-
1

• An important point 
illustrated by the field survey results is that individual environmental conditions at a 
site can vary appreciably, probably reflecting the effects of seasonal changes and the 
limitations inherent in testing procedures. Typical of such fluctuations are the soil pH 
values at one site which varied from 5. 2 to 8. 4 during the 12-month period, and water 
hardness at another which ranged from 126 to 214 ppm (soft and hard, respectively). 

Performance of Aluminum Culverts 

Without exception, the 34 aluminum culverts were in excellent condition and exhibited 
no measurable metal loss. In most culverts, changes in the original silver-like appear
ance were evident, but were judged insignificant from the standpoint of durability. A 
common surface phenomenon was staining of the area in contact with stream flow. Typ
ically, the discoloration gave a dark, reddish-brown appearance much like that of rusted 
steel. Another frequent occurrence was formation of a dull white surface film accom
panied by slight pitting, which is characteristic of atmospheric weathering. Occasion-
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ally, the pits were so closely spaced as to create an etched appearance, but penetration 
was slight. A few culverts in areas of greater potential abrasion displayed mild 
scratches and peening. 

The good performance of these culverts can be logically explained. No chemically 
deleterious condition was encountered in the statewide survey of steel culvert perfor
mance. Also, the magnitude of long-term metal loss for those culverts was character
istic of "typical" corrosion, with oxygen concentration, velocity, and temperature the 
principal environmental variables involved. Since environments encountered were 
similar in both surveys, the same three factors would also apply to aluminum culverts. 
The range of temperatures and velocities encountered is not aggressive, but within 
normal limits, so that little corrosion would be expected. 

Future evaluations will determine the validity of this reasoning. Performance to 
date, however, suggests that bituminous coatings are unnecessary for aluminum culverts, 
except in unusually aggressive chemical or abrasive environments. Results of other 
c.1.lwuiuu1u '-'ulve.1 t iuvestigat~vuo (!_, ~' Q, 10, 11), under similar exposure conditions, 
support this interpretation. 

Performance of Steel Culverts 

The steel culverts in the comparison survey mirrored performance of steel culverts 
in the statewide survey. Average metal loss varied from none to appreciable amounts, 
without any apparent influence by environmental conditions. However, no case of local 
perforation was encountered. As before, loss of metal was confined to the inside sur
face below the waterline. Uncoated inverts typically had a dark central area bordered 
by a light-brown zone. This condition was generally associated with slow-moving stream 
flow carrying little or no granular material. Where higher velocities and/ or granular 
bedloads were recorded, evidence of abrasion was sometimes noted. 

Table 1 gives estimated average metal loss for the three classes of steel culverts. 
Because these are very young installations (except Nos. 2-2 and 22-2), the results do 
not necessarily suggest future performance trends. For this reason, the results should 

TABLE I 

ESTIMATED AVERAGE METAL LOSS FOR STEEL CULVERTS 

Sire 

1-4 
2-2 
J-1 
4-7 
7-2 
9-1 

12-2 
15-1 
17-4 
17-5 
17-6 
18-2 
19-2 
21-1 
21-2 
21-4 
22-2 

6-2 
8-1 

14-5 
20-2 

1-1 
1-2 

10-3 

Age (yr) 

I 
JI 
J 
2 
4 

unknown 
2 

unknown 
2 
2 
2 
4 
2 
4 
3 
J 

28 

unknown 
unknown 

T uiu ! Lu~~ ft i"1.} 

(a) Uncoated 

0,0002 
0,0613 
0.0343* 
0.0034 
0.0050 
0.0101• 
0.0028 
0.0034 

0 

o• 
o• 
o• 

0.0131 
0.0168 
0.0105 
0.0034 

(b) Coated 

0.0034 
0.0183 
0.0112• 
0.0002 

(c) Coo ted/Paved 

0.0004 
0.0004 
0.0026 

*Based on cored samples. 

0.0002 
0.0020 
0.0114 
0.0017 
0.0013 

0.0014 

0 
0 
0 
0 

0.0033 
0.0056 
0.0035 
0.0001 

0.0011 

0.0001 

0.0001 
0.0001 
0.0009 

not be expected to agree with Figure 4, which is 
heavily weighted by culverts that are considerably 
older. In support of this point, it is interesting 
to note that the two old culverts just cited, both 
of which are uncoated, exhibited corrosion rates 
compatible with Figure 4. 

Among uncoated culverts, two showed excep
tionally high losses. At Site 3-1, a loss of 0. 0343 
in. was recorded. This represents a 25 percent 
reduction in original thickness in only 3 yr. The 
corresponding rate is 0.0114 ipy, orapproximate
ly two times the highest rate encountered in the 
steel culvert survey under apparently similar 
exposure. The invert is uniformly corroded and 
shows little evidence of abrasion. The culvert 
at Site 21-2 is similarly corroded and has lost 
0. 0168 in. thickness in 3 yr, or about 12 percent 
at the rate of 0. 0056 ipy. This corresponds 
closely with the highest rate recorded in the steel 
culvert survey. The performance of these cul
verts is difficult to explain. Their appearance 
indicates that corrosion is primarily responsible. 
A possible explanation suggested by the field sur
vey data is that metal loss is periodically accel
erated by abrasion during transient peak flows, 
exposing fresh surfaces to corrosion. It is rea -
sonable to suppose that these culverts would have 
developed appreciably less metal loss had they 
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been bituminous coated/paved. Both surveys demonstrated the effectiveness of such 
protection. 

CON CL US IONS 

Results of the statewide survey of corrugated steel culverts in service 2 to 35 yr in
dicate the following: 

1. Uncoated culverts have performed satisfactorily from the standpoint of durability. 
Approximately 70 percent of those in service 25 yr or longer have lost less than one
half of their original thickness. The large majority of existing uncoated culverts can 
therefore be expected to provide total service of at least 40 yr. 

2. Protective bituminous coatings have reduced metal loss significantly, coating/ 
paving being appreciably more effective than coating alone. 

3. Metal loss does not correlate with pH, electrical resistivity, chemical concentra
tion, or other soil and water properties, within the limits usually encountered in New York. 

4. Metal loss is primarily associated with normal corrosion, abrasion playing but 
a small part. 

5. Culverts should be designed to satisfy durability requirements, in view of the thin
ner gages permitted by current structural design practices. A suggested design proce
dure for uncoated, coated, and coated/paved culverts is outlined in this report. 

Results of the comparison survey of corrugated aluminum and steel culverts under 
essentially similar exposures from 1 to 4 yr warrant the following tentative conclusions: 

1. Uncoated aluminum culverts exhibited no measurable metal loss. This indicates 
that protective bituminous coatings are not required, except where severe chemical or 
abrasive conditions exist. 

2. Uncoated and bituminous-coated steel culverts in the comparison survey essen
tially duplicated the performance of steel culverts in the statewide survey. 
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Approximately 9 yr ago (1959), the aluminum industry introduced corrugated alumi
num culverts. Because they seemed to offer desirable engineering features, many agen
cies began using them immediately. Agencies of such states as Virginia and Califor
nia initiated formal research programs to compare service histories of aluminum and 
galvanized steel culverts. Reports by Virginia (!., ~ 10) and California (11), together 
with Lowe and Koepf's nationwide swnmary of aluminum culvert performance (5) com
prise the currently available literature (June 1966) on durability of aluminum culverts. 
The results of each of these studies are summarized in the following: 

Virginia (1962-1965) 

Initiated in 1961, the Virginia study includes five comparison sites where aluminum 
and steel culverts were installed side by side. Thefivesiteswereselectedtorepresent 
different environmental conditions as follows: (a) abrasive flow, (b) wet-dry (fresh wa
ter), (c) high acid flow, (d) wet-dry (brackish water), and (e) swampy condition. 

None of the aluminum culverts were bituminous coated, but the steel culverts at the 
high acid flow, wet-dry (brackish water), and swampy sites were bituminous coated. 

After 3 yr of service the following observations were made: 

1. The aluminum and steel culverts were performing equally well at the abrasive 
flow, wet-dry (fresh water), and swampy sites. 

2. At the high acid flow site (pH 3. 2 to 4. 6 at times), the invert of the aluminum pipe 
had been almost completely removed. Severe rusting was observed on portions of the 
steel pipe where the bituminous coating had been removed, although the metal was not 
perforated. 

3. Pitting of the aluminum cladding material had occurred at the wet-dry (brackish 
water) site, but no pitting of the base metal was observed. The steel pipe had rusted 
at the ends where the bituminous coating had been removed. 

Other than concluding that bituminous-coated steel would be preferred to uncoated 
aluminum at the high acid flow site, no recommendations were made concerning future 
use of aluminum culverts in the State. Additional sites were recommended, particu
larly in areas having pH values between 4. 0 and 6. 0. 

California (1965) 

California's study, initiated in 1961, consisted of an evaluation of seven comparison 
sites and one site where only aluminum was installed. Also, laboratory corrosion and 
abrasion tests were conducted. The sites were moderately severe to severe from the 
standpoint of corrosion or abrasion, and all culverts were uncoated. Three were sub
jected to acid flow, two to abrasion, and three to soils with low electrical resistivities. 

Both the steel and aluminum culverts at the acid flow sites (pH 2. 7 to 3. 7) performed 
poorly. The culverts perforated or were expected to perforate in less than 3 yr. At 
the site where steel was not represented, the aluminum culvert perforated at 0. 83 yr. 
Aluminum and steel culverts both perforated at 0. 56 yr at another site. At the third 
site the aluminum perforated at 0. 33 yr while the steel was predicted to perforate in 
2.3 yr. 

The calculated stream velocity at one abrasion site was 10 to 14 fps, while at the 
second site it was about twice as fast. The predicted times to perforation for the steel 
and aluminum culverts at the less severe site were 41 and 3.6 yr, respectively. At the 
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more severe abrasion site the times to perforation were 1.3 and 0.14 yr, respectively. 
It was concluded that for all practical purposes no commonly used culvert coating or 
material would offer a maintenance-free service life at the highly abrasive site. 

Culverts in the remaining sites were located in soils having low minimum electrical 
resistivities. Estimated years to perforation at these sites for the steel and aluminum, 
respectively, were 49 and 12 yr for resistivities of 620 to 973 ohm-cm, 24 and 34 yr for 
39 ohm-cm, and 8.0 and 8.8 yr for 6.5 ohm-cm. 

On the basis of this investigation, the authors estimated that under favorable condi -
tions aluminum culverts may have a service life up to 25 yr. However, this conclusion 
was subject to revision pending further field experience. 

Lowe and Koepf (1964) 

Approximately 500 aluminum culvert installations were reviewed in 1963, and 68 un
coated culverts were selected as typical sites. These sites, ranging in age from 0. 4 to 
3.6 yr, were inspected and evaluated. Severai 8amples were taken fro.m various cul
verts, and pH and soil resistivity measurements were made at most sites. 

On the basis of the field observations and metallographic analyses of the samples, 
several tentative conclusions were drawn, as follows: 

1. Aluminum culverts are resistant to attack by soils of the Great Soil groups com
prising almost all soil in the United States. 

2. The corrosivity of a soil to aluminum roughly follows its structural rating; that 
is, corrosion possibilities increase as the structural desirability of the soil decreases. 
Exceptions are peat and associated groups which are good-draining, highly organic ma
terials. In these soils aluminum is performing well. 

3. Aluminum corrodes severely in acid soils and acid runoffs having a pH of 4. 0 or 
lower. Bare aluminum, therefore, is not recommended in these instances. 

4. The use of aluminum culvert should be limited to runoff velocities below 10 fps 
if a heavy, rock-laden bed load is anticipated. Higher velocities are permissible if the 
bed load is primarily sand. 

GALVANIZED STEEL 

At one time or another, practically every state has found it necessary to investigate 
the durability of various culvert materials in relation to corrosion. Some that have 
conducted a culvert study include Georgia (12"), Tennessee (132, 142

), Virginia (14\ 15~), 
California (b ..!.§_2

), West Virginia (172, 18), Idaho (19), Kentucky (13), North Carolina
(20, 21) and Alabama (24). Summaries of their reports follow, including items issued 
through June 1966. 

Georgia (1926-1928) 

Approximately 3,300 in-service culverts ranging in age from 5 to 12 yr were rated 
both materially and structurally in the survey. Life expectancies were estimated by a 
method adapted from a system originally developed by California, which credits a max
imum rating of 90 percent to apparently perfect culverts over 4 or 5 yr old, and O per
cent rating to all failures. Intermediate ratings were based upon the judgment of the 
inspector. 

The calculations were empirically formulized and are included here as a point of 
interest: 

F = L 
H-L 

+---
K 

2These reports have been summarized previously in a report published by Kentucky (13). These sum-
maries were extracted either wholly or partially for inclusion in this report. -



where 

F final rating, or percentage worth of the structure at time of inspection; 
H = higher rating, whether material or structural; 
L = lower rating, whether material or structural; and 
K = a somewhat arbitrary constant. 

From the final ratings, the annual rate of deterioration was calculated by 

where 

U = unit deterioration (per year); 
A = age at time of rating; and 
F = final rating. 

U = 100 - F 
A 

Lite expectancy, (E) was then obtained by 

E = 100 
u 

59 

fu one respect, structural adequacy of a culvert pipe at any age is related to the 
amount of material deterioration that has taken place. Structural conditions such as 
faulted joints, cracks, and silting are not necessarily the result of material deteriora
tion, but may reflect some fundamental disadvantage of the type of culvert, or even poor 
construction and maintenance practices. fu these equations, all these contributing in
fluences are more or less averaged together in a single numerical rating. Such a rat
ing may indicate overall condition of a culvert, but fails to credit any cause to the 
condition. 

As a result of the survey, corrugated metal culverts were discontinued in certain 
parts of southern Georgia, due to their rapid deterioration under acid conditions. The 
actual data on life expectancies are rather difficult to summarize. As a notable obser
vation, there were a surprising number of failures in what were originally considered 
permanent installations. A number of installations rated in 1926 were re-rated in 1928, 
and the average expectancies, particularly for vitrified clay, were somewhat higher. 
This indicates that the rating system probably gave conservative results. 

A third investigation was begun in 1930, and was expected to include about 4,000 in
stallations; however, it is not known whether the work was ever completed or the results 
reported. 

Tennessee (1925-1927) (1941) 

Although the Tennessee report, prepared by E. W. Bauman in 1928, is not available, 
the work has been summarized by Slack (13) and Crum (14) in published reports. It 
seems that the Tennessee investigation preceded the Georgia survey by almost a year, 
and some of those early developments were incorporated into the plans for the Georgia 
survey. A total of 2,924 culverts of all types commonly used in Tennessee were in
cluded in the inspection. Quoting Slack's summary: 

It was early seen that all culverts ultimately failed structurally but that 
two distinct paths of deterioration led to final failure. The corrugated metal 
or flexible type usually, but not always deteriorated more rapidly materially 
than it did structurally. The rigid type, including vitrified clay and con
crete pipe, usually but not always deteriorated more rapidly structurally than 
materially. 
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Virginia (ca. 1925) (1946) 

An original report by Shreve Clark, then Engineer of Tests in Virginia, is not avail
able. Crum's summary of the report (14) is quoted: 

The outstanding result of the Virginia culvert investigation was the elim
ination of the use of corrugated metal culverts in Tidewater Virginia ea~t of 
the "Fall" line. It was found that on account of the brackish waters in the 
tidal area, the lives of these culverts were too short to justify their use in 
comparison with other types. 

North and west of the "Fall" line no appreciable difference in the service 
of vitrified clay, concrete, or corrugated metal pipe was found, and these 
types are therefore on a parity for construction in this region. 

In 1946, performance of bituminous-coated metal pipe was studied in the 
Tidewatera1ea (15). Whereas, the average life of plain gaivanized metal 
pipe in the areahad been on the order of lO yr, bituminous-coated pipe 
already in service lO yr at the time of the survey appeared capable of giving 
many additiona I years of service. 

California (1925-1927) (1929-1930) 

No report on the original 1925-1927 survey in California was ever compiled for dis
tribution. According to a summary of the unpublished work, prepared in July 1950 by 
T. E. Stanton, then Materials and Research Engineer, the 1926-1927 survey failed to 
furnish conclusive data concerning comparative merits of different base metals, and 
that report was held confidential. As an outgrowth of the inconclusive status, a long
term (20 yr) performance tests on a variety of corrugated metals was started in 1929-
1930. At the conclusion of the 20-yr period (in 1950), there were still no outstanding 
differences in corrosion resistance for any of the base metals. Some of the conclusions 
from the earlier survey, as cited in Stanton's summary, are also of interest: 

The average indicated life of corrugated metal culverts in California, in 
fresh water and with intermittent flow, based on observations of 2500 such 
structures, is about eighty years. 

Deterioration in corrugated metal culverts is due almost exclusively to 
corrosion, is preventable in many cases, and may be greatly reduced in 
others. 

Spelter alone does not provide sufficient protection against corrosion, ex
cept under most favorable conditions of exposure, and bituminous and other 
protective coatings are usually desirable even where spelter is used, 

Under favorable conditions of exposure the value of corrugated metal cul
verts .•• may be only 25 to 75% of the value of permanent structures. Economic 
considerations shou Id contro I under these circumstances, as in a II others, and 
the selection of some type not affected by these destructive conditions may 
thus be found desirable. 

According to Stanton, the 1950 California Specifications permitted the use of five 
kinds of base material as in Table 1 of AASHO Standard Specification M36-47. Under 
severe scouring or other adverse conditions, bituminous coated/paved pipe is specified. 

California (1953-1954) 

In 1959, the California Division of Highways reported (2) on findings of a corrosion 
survey conducted in 1953-1954, involving 7,000 corrugated metal culverts located in 
the northwest district (District 1). The results of this survey indicated that the cor
rosion rate of metal culverts was variable, depending on environment, with certain factors 
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exerting greater influence than others. By using information from the first study and 
supplementing it with data from different types of watersheds located in various parts 
of the State, it was found that the major factors influencing corrosion rate were the pH 
and electrical resistivity of the soil and water. A further study was conducted for esti
mating service life of corrugated metal culverts. The findings are summarized as 
follows: 

1. The life of metal culverts depends primarily on the presence of moisture and the 
chemicals contained in the watershed. 

2. The chemical environment of a specific culvert site is directly influenced by the 
soil, vegetation, rainfall, and drainage characteristics of the watershed, and by the reg
ularity and volume of the flow. The chemical environment of a watershed affects the 
pH and electrical resistivity of the runoff. 

3. A method was developed which provides a relatively accurate estimate of the cor
rosion rate of galvanized metal based on pH resistivity values of the soil and water. 

4. Bituminous coatings were found on the average to add 6 yr to the life of CMP cul
verts. The actual added life varied from zero in areas of continuous flow carrying 
heavy debris to over 20 yr in arid areas of intermittent runoff. 

All the investigations indicated that the time to perforation of a galvanized corrugated 
steel culvert can be extended by means of a protective coating. 

West Virginia (1928-1929) (1931) 

In 1934, the State Road Commission of West Virginia, in cooperation with West Vir
ginia University, published a report (17) of a culvert survey made in 1931. The author , 
W. S. Downs, described the situation as follows: 

A major portion of the State's area contains valuable coal deposits con
sisting of numerous seams which differ somewhat in the mineral content. 
Many such coo I deposits are being operated or have been operated. In 
either event the oxidizing effect of the air in contact with the workings 
causes the drainage water from the mines to be highly impregnated with 
mineral salts. Most of them show an acid reaction due to the sulfur and 
iron (free sulfur and sulfur in combination with iron, never iron alone) in 
the coal so that the effect upon metal or even upon concrete cannot be 
ignored. Under such conditions, it is necessary to exercise discretion in the 
selection of the culvert type. In certain localities it may be advisable ta 
reject the use of a culvert type which under different conditions has proven 
highly economical. 

Approximately the same system of evaluation as in Georgia, Tennessee, and Cali
fornia was used in the West Virginia survey except that the structural factor was not 
averaged with the material factor. The lower rating was simply used to calculate life 
expectancy. The culverts ranged in age from 3 to 12 yr. The statistical results of the 
survey (in part) were as follows: 

Corrugated Metal 
Culvert Type 

General 
Plain 
Paved invert 

Quoting again: 

Culverts 
Observed 

1277 
832 
445 

Avg. Expected 
Service Life (yr) 

27 
22 
49 

It is conclusively shown that mine drainage which possesses a low pH value 
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(highly acid) will rapidly disintegrate the invert of any exposed metal pipe .••• 
As a general rule, however, this survey shows values ranging from 6 to as low 
as 2.7. The survey further shows that pipe deterioration (concrete and meta I) 
increases as the pH value of the water decreases. 

In 1928 and 1929, West Virginia also attempted to resolve the base metal problem 
(18). A series of test sections of various metal pipes were installed in a flume carry
ing highly acid mine water. Though the report on this work too has been held in con
fidence for some 20 yr, test conditions were very similar to those at the Kentucky test 
installation at Morton's Gap. In those tests, bare metal in contact with the acid water 
lasted only 86 days, and there was little difference observed in the life of the different 
base metals. (At Morton's Gap, the plain galvanized metal sections did not last quite 
that long.) 

North Carolina (1945) 1954) (1964) 

In 1945, an inspection and survey was made of bituminous-coated, corrugated metal 
pipe culverts installed in eight sections of the Blue Ridge Parkway in North Carolina. 
The culverts had then been in service 4 to 9 yr. Three types of bituminous-coated pipe 
were used: 

1. Asphalt-coated/paved ~alvanized metal pipe. 
2. Asbestos-bonded metal pipe with asphalt coating/paving. 
3. Galvanized metal pipe with asphalt coating/paving reinforced with a metal plate 

invert. 

The summary of the data obtained in the inspection pointed out the following: 

1. In general, the most severe deterioration of the asphalt coating/paving occurred 
at the outlet end of the culverts. 

2. The amount of water flow did not seem to bear any consistent relation to the de
gree of deterioration occurring in the coating/paving. 

3. The slope of the pipe had little influence upon deterioration of the asphalt coating/ 
paving. 

4. The asphalt coating on the outside of the pipe usually exhibited a checked pattern 
of cracking and was found to have very little adhesion to the metal. 

5. The metal-reinforced type of paved invert showed the greatest amount of deter
ioration under service conditions. 

6. The culverts in which asbestos-bonded metal was used appeared to have greatest 
resistance to deterioation. Although some coating was lost, the asbestos sheet appeared 
to give added protection to the metal. 

7. The better condition of the asphalt coating in one section as compared with another 
seems to indicate that the coating's durability depends considerably upon the type of as
phalt used. 

In 1954, an inspection of plain galvanized pipe was conducted on another section of 
the Blue Ridge Parkway. These culverts had been in service for 18 yr and were gen
erally in good condition. The corrosion noted was not considered serious and no pit
ting was observed. Most corrosion occurred in culverts where debris could accumulate, 
and most severely along the line at the surface of the debris where the deposit was damp 
and exposed to the air. All outside exposed metal was in excellent condition. 

During April and May 1964, the bituminous coated/paved culverts inspected in 1945 
and the plain galvanized culverts inspected in 1954 were again observed (after 23 to 28 
yr of service). A partial summary of these observations was as follows: 

1. Environmental conditions in the various sections were approximately the same, 
without adverse soil or water characteristics that would accelerate corrosion. 

2. Uncoated metal pipe showed appreciably more corrosion than coated pipe. Coated 
pipe that lost the coating early in service showed approximately the same amount of 
corrosion as uncoated pipe. 
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3. The asphalt-coated/paved pipe that retained the coating/pavinghadgoodresistance 
to corrosion. 

4. The asbestos-bonded, asphalt-coated pipe was in excellent condition. There was 
essentially no loss of coating or corrosion of metal. 

Kentucky (1949-1952) 

In 1949, the Kentucky Department of Highways initiated a survey of existing culvert 
installations. Reports were published in 1950 and 1952. The following conclusions 
were stated: 

1. Sulfur-bearing natural deposits such as shales and coals are the foremost sources 
of severely corrosive drainage waters of any consequence in the State. 

2. Drainage waters within the coal fields vary from mild to extreme acidity, but the 
majority of waters carried by highway drainage culverts are only mildy acid or not acid 
at all. 

3. Severely acid waters occur only within the coal fields, but mild acidity may occur 
at shale outcroppings or along deeply entrenched stream valleys. 

4. Uncoated galvanized metal pipe has no resistance to corrosion by acid waters and 
is vulnerable to corrosive deterioration even under mild conditions. Under non-acid 
conditions, the life expectancy may range from 10 to 100 yr depending on the exposure. 
Because of this, metal pipe should be regarded as: (a) of no value where there is acid 
water; (b) unsuitable for use in non-acid water where flow is moderate and where the 
installation is designed for long life; and (c) suitable for use in non-acid water where 
the installation is designed for limited life or where the ease of replacement justifies 
the risk of early failure. 

5. Bituminous-coated metal pipe is resistant to acid corrosion as long as the coating 
insulates the metal from contact with acids. On the basis of information available from 
other sources, a bituminous coating properly applied should have an anticipated service 
period of at least 15 yr. The service life of coated pipe in acid waters should be com
parable with the life of the coating, and in non-acid waters the service life should range 
upward from 15 yr depending on site conditions. 

6. Vitrified clay pipe is the only culvert material now in use that is totally inert to 
corrosion by even the most severe drainage waters. Its use as a lining material af
fords promising possibilities where conditions of high acidity are known to exist. 

Alabama (1960-1964) 

During the summer of 1960, it was discovered that two perforated metal pipes on 
I-65-2, near Jemison had been excessively damaged along the flow line by natural ele
ments. This deterioration, or corrosion, of pipe culverts in certain areas of the State 
is not unusual, but the fact that these pipes had been destroyed in less than 8 months was. 

Tests showed that the pH of water passing through these structures was about 2. 5, 
and the nearby soil was so acid in places that no vegetation would grow. As a result, 
a statewide survey was conducted to establish the distribution of pH and electrical re
sistivity, and thereby identify geographic areas that are potentially deleterious to metal 
culverts. The following conclusions were reached: 

1. Measuring the pH of surface water throughout an area is a fast, relatively inex
pensive means of identifying locations that may affect the performance life of highway 
drainage structures. 

2. The accuracy of an iso-pH map depends on taking a sufficiently large number of 
readings, in enough locations, to insure thorough coverage. 

3. In areas of questionable pH values a check sampling program should be conducted. 
This is necessary to confirm the presence of organic compounds originating from pol
lution and agricultural products. 

4. Separate test programs and maps should be made seasonally during heavy and 
light rainfall. A third map should be constructed as a check against the season produc
ing the most aggressive condition. 
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5. The variable nature of in-place pH values taken in surface water will result in a 
general pH trend; that is, iso-pH lines are not conclusive, but averages, and should be 
considered as such. 

Idaho (1957-1965) 

In November 1957, the Idaho Department of Highways, together with the Armco Metal 
Products Co., inspected metal culverts to determine life expectancy of metal culvert 
pipe and to provide standards for selecting the type of pipe to be used under specific 
environments. The conclusions were as follows: 

1. Performance of galvanized corrugated metal pipe in service indicates life ex
pectancies as follows: (a) desert, 40 to 60 yr or more; (b) cultivated; 30 to 60 yr or 
more; (c) timbered, 25 to 60 yr or more; and (d) pasture, 30 to 50 yr. 

2. The only installations indicating a service life less than 40 yr are in areas char
acterized as cultivated, timbered, or pasture. 

It was recommended that the California test be used as a guide to determining ser
vice life, and where predicted life is less than 40 yr that asphalt coating be used. 

Appendix B 

TESTING METHODS AND EQUIPMENT 

Hydrogen Ion Concentration (pH) 

A Beckman Model 180 pocket pH meter was used to test samples of soil and water 
placed in clean half-pint jars. Soil samples were diluted, one-to-one, with distilled 
water; water samples were tested without dilution. Initially, all tests were made at 
each culvert site; however, this was time-consuming and the final procedure followed 
was to perform all tests at the end of each day. Early attempts to delay testing until 
the samples were returned to the laboratory were discontinued when the pH was found 
to change significantly after about 12 hr. 

Hardness and Saturation 

Water hardness, expressed as parts per million (ppm) of calcium carbonate (CaCO,), 
was measured with a portable titrating unit manufactured by Calgon, Inc. Saturation of 
the water with respect to calcium carbonate was determined by measuring the pH of the 
water, and then adding calcium carbonate and observing the resulting change in pH. If 
the pH became more basic (increased), the water was considered unsaturated. If it re
mained the same or became more acid (decreased), the water was considered saturated. 

Chemical Tests 

Soil samples were diluted with distilled water in a one-to-one ratio and stirred to 
dissolve the soluble salts in the soil. The water was then tested to determine whether 
the ions previously mentioned were present. Water samples were tested as sampled 
without dilution. 

Electrical Resistivity 

Soil and water resistivities were measured with an M-Scope Resistivity Meter man
ufactured by Fisher Research Laboratories, Inc. The meter has an upper limit of 30,000 
ohm -cm. This single probe device was used in preference to the multiple probe types 
commonly used in pipeline work, because it appeared to provide a more precise deter
mination of resistivity of backfill material directly adjacent to the culverts. In addition, 
it is a simple matter to determine water resistivity with this device. 
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Measurements of soil resistivity were made by driving a steel rod into the backfill 
as close to the pipe as possible, removing the rod, and then placing the resistivity probe 
in the hole. After twisting the probe to insure good contact with the soil, the resistivity 
was recorded as the in-place resistivity. To obtain an estimate of the minimum resis
tivity possible, distilled water was then poured into the hole and another reading made. 
This procedure was continued by adding increments of water and repeating the test until 
the resistivity maintained a constant low value or began to increase. The lowest value 
obtained was recorded as the minimum resistivity of the soil. Measurements of in
place and minimum resistivities of the soil were made at several points adjacent to each 
culvert. Where conditions permitted, measurements were taken adjacent to the pipe at 
its center line, flow line, invert, and 1 ft below the invert. 

Water resistivities were determined by placing the probe in the stream at several 
points near the culvert. When more than one value of resistivity was measured, the 
lowest value was recorded. 

Electrical Potential 

Electrical potentials between the culvert and soil, and between the culvert and water, 
were measured using a Leeds and Northrup millivolt potentiometer. Lead wires from 
the potentiometer were connected to the culvert and to a reference electrode placed 
either in the soil or wate:x:. A copper rod was used as the reference electrode for all 
soil measurements and for water measurements during the early period of testing. La
ter, a copper-copper sulphate reference electrode was used for water and soil measure
ments in place of the copper rod. 

Culvert-to - soil measurements were made two ways-one with the copper rod placed 
in the soil near the crown (top) of the culvert, and the other with the copper rod placed 
near the invert (bottom) of the culvert. Culvert-to-water measurements were made 
with the reference electrode (either the copper rorl or copper-copper sulfate electrode) 
in the stream. 

Flow Velocity 

Where the velocity of water flowing through the culverts was calculated, the time for 
either a ping-pong ball or a dye to travel the measured distance between the inlet and 
outlet of the pipe was recorded. 

Discussion 

A.VAN KAMPEN, Director of Engineering, American Concrete Pipe Association-Wehave 
reviewed the repor t on which the presentation was based, and agree fully with the intent 
that the design of metal culverts should be based not only on structural requirements, 
but should include considerations of durability. Since durability depends on corrosion 
and abrasion, we feel that the statement "abrasion was found to be of minor influence" 
is misleading. The data presented in the comparison survey, Table E-1 of the original 
report (see footnote 1), show a maximum velocity of 8.0 fps, with only 7 locations hav
ing a velocity exceeding 5.0 fps. With the lack of any higher velocity, we are not sur
prised that abrasion was found to be of minor influence and agree with the authors that 
this may well have been caused by the draught in the northeastern United States, as was 
the large number of dry culverts (299 out of 792) observed during the study. There is 
a lack of correlation between slopes of the culverts and the observed velocities. We 
agree with the authors that the scatter of data, when plotting the age of the culverts ver
sus metal loss, is such that the data are nnt normally distributed and feel that a con
clusion on the comparative age of uncoated, coated and paved culverts shouldnotbebased 
on such an abnormal distribution. 

We fully agree with the authors that a note of caution is essential in predicting the 
anticipated life of culverts. As stated in the report, the expected life of 40 years for 
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uncoated culverts and 50 years for coated culverts, is based on existing installations 
which incorporated large safety factors in their original design. The present trend in 
design toward thinner gages, based on current structural theories, will reduce these 
safety factors and result in reduced life expectancy, unless this reduction is taken into 
account during the design of the culverts. 

We generally agree with the conclusions in the report, but would like to point out that 
the expected service of the culverts is based on the larger safety factors used in the 
original design. 

The lack of correlation between metal loss and pH is limited to the range encountered 
in New York and differs from experiences in other states. In concluding that abrasion 
plays but a small part, we feel such a conclusion can only be based on the low flow ve
locities observed. Additional observations with higher velocities, are required before 
such a far-reaching conclusion can be made. 

JOHN E. HAVILAND, PETER J. BELLAffi, and VINCENT D. MORRELL, Closure-We 
appreciate Mr. Van Kampen's discussing our paper. He has done an excellent job of 
summarizing some of the limitations we have placed on our data. 

His emphasis on the role of abrasion in metal loss is valid, when evidence of abrasive 
damage exists. He is also correct in noting that our measurements indicated low ve
locities of flow. However, the two points must remain separate. 

Our conclusion that abrasion plays a small part in overall corrosion was based on 
the absence of abrasion-related damage to coatings, fasteners, and corrugations. It 
was not based on measured velocity. It would be presumptuous, indeed, to relate drought 
velocities to the potential for abrasive damage. However, if structures with as much 
as 30 yr of service exhibit no evidence of abrasion damage, we feel it reasonable to as
sume that the potential for such damage is very low. Further verification of the minor 
influence of abrasion is the fact that all our rates of metal loss are less than reported 
values for atmospheric and still water exposure. 

The water velocity measurements to which Mr. Van Kampen refers (Table E-1) are 
not included in this printing, but are available (see footnote 1). These measurements, 
to some extent, reflect the extended drought in New York; nevertheless, they should be 
regarded as reasonable indicators. They were made randomly for several years, at 
all times of the year when the structures were accessible. Further, recent measure
ments after the drought ended have not exceeded the reported values. Their low magni
tude, in comparison with theoretical values, may be explained by the fact that none of 
these structures was found to be flowing more than 10 percent full when inspected. In
deed, none showed evidence of ever flowing much more than half full. Theoretically, 
such low flows coupled with a hydraulically inefficient square end condition would pro
duce low velocities in short culverts, just as we found. 

Mr. Van Kampen's comment that our conclusions are relevant only to New York State 
is a reiteration of our own warning. We are concerned that our conclusions may lull 
designers into a false sense of security. Such an error would be dangerous. Our find
ings are generally valid for the State, but there may well be undetected, isolated loca
tions where highly deleterious conditions exist. Such a possibility is conceivable when
ever sampling is substituted for a total inspection, regardless of sample size. Thus, 
we feel our findings provide the designer with a good basis for determining probable 
life of a new structure, but only when he is sure its environment is similar to the State 
in general-we do not relieve him of responsibility to assure himself that it is similar. 



The Design and Welding of a Rigid 
Frame Bent of ASTM A 514 Steels 
For a Railroad Overpass 
J. E. BRIDGEFARMER, Forrest and Cotton, Inc., Dallas, 
H. F. CRICK, Mosher Steel Company, Houston, and 
R. L. HARTZELL, Armco Steel Corp., Houston 

Beaumont, Texas, has long been confronted with a critical problem of 
traffic congestion in the downtown business district. Four major rail
roads serve the city and its large maritime , port and refineries. Some 
of the rail lines are within street rights-of-way and a large complex 
network of main lines and spur tracks is concentrated within a two 
square mile area of the downtown area. 

A commercial firm was given the design problem of relocating rail
road tracks and installing grade separations to alleviate the problem. 
One grade separation was a heavily traveled intersection where three 
railroad tracks crossed the intersection at a diagonal. Because of the 
city's low elevation above sea level, depth of depressed roadways must 
be kept to a minimum . The approach grades of the railroad tracks 
could not be raised beyond about two feet due to amount of right-of-way 
required . The design engineers solved the problem of installing a 
grade separation providing sufficient clearance with the use of a rigid 
frame bent made of A 514 steels. 

The paper discusses the alternates considered for the overpass
underpass structures and the advantages gained in using the rigid 
frame bent design and the A 514 steels. 

The chemistry and physical properties of the A 514 steels used 
(Armco Steel SSS 100 and SSS 100A) are presented, along with data 
on fatigue strengths and reports of weldability studies. The details of 
weld procedur e qualification car r ied out by the fabr icato1· and test re -
sults obtained on tl1e plates to a maximum of 31/:i- in. thickness are re
ported. Preheat considerations are discussed. Problems caused by 
the presence of hydrogen are revealed when insufficient preheat is used. 
The successful welding when proper procedures are followed of the 
SSS 100 and SSS 100A steels is shown. All shop fabrication was fol
lowed by post-weld heat treatment. The highly restrained joints at the 
knee of the rigid frame bent were welded with three welders simulta
neously in order to prevent restraint problems. 

The erection of the rigid frame bent and the two continuous spans 
supported by it is described. Welding operations were successful de
spite unusually heavy rainfall in the winter. 

•BEAUMONT, Texas, has suffered a critical traffic congestion problem in the downtown 
business district for several years because of the large number of railroad crossings. 
Four major railroads serve the city, its large maritime port, and its numerous refinery 
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and petrochemical plants. A complex network of railroad main lines and spur tracks 
is concentrated within a two square mile area adjacent to the business district. 

The city in cooperation with the railroads initiated a railroad relocation and street 
improvement program in phases under the guidance of Forrest and Cotton, Inc., Con
sulting Engineers. A major project in the first phase was the construction of a grade 
separation to carry three railroad tracks at a diagonal over the heavily traveled inter
section of College Street, Business Route US 90, and Railroad Avenue, US 69, 96, and 
387. 

The purpose of this paper is to discuss the unique design utilizing a 91-ft long rigid 
frame bent used in this grade separation, and the fabrication, welding, and stress re
lief of the 3½-in. thick quenched and tempered alloy steel plates required for the bent. 

DESIGN 

Problems 

Several conditions complicated the design of the railroad overpass: 

1. Both streets have four lanes and carry heavy traffic. Thus, the intersection had 
to be full width with left-turn lanes. 

2. Ground elevation in Beaumont is quite low with respect to sea level, and rainfall 
is unusually heavy. Thus, the depression of the roadway had to be kept to a minimum 
to minimize drainage pumping station costs as well as to minimize excavation costs. 
However, a full 15-ft vertical clearance had to be maintained. 

3. The maximum approach grade of the tracks was limited to 0. 85 percent. The 
elevation of the tracks was held to a 2-ft maximum to prevent expensive additional right
of-way requirements. 

4. The three railroad tracks cross the intersection at a diagonal making placement 
of columns of bents outside the traffic pattern difficult. The closest possible spacing 
of end bents clear of traffic was 151. 4 ft. 

Structure Selection 

The orientation of the railroad tracks to the intersection required a longer bridge 
structure than normal. The maximum elevation permitted on the railroad tracks and 
the minimum depth of roadway depression together with the required 15-ft vertical 
clearance combined to require shallower depth of superstructure than is normally en
countered. Two types of structures were studied: 

1. A 5-span ballasted steel deck bridge supported by simple spans of wide-flange 
beams framing into steel cap beams resting on concrete columns, 2 columns per bent. 

2. A 4-span continuous ballasted deck bridge, composite wide-flange beams, one
way slab with a steel rigid frame bent for central support and with end bents and spill 
through abutments of reinforced concrete. 

If framed end bents had been used, a minimum of 3 bents and 6 columns would have 
been required in order to maintain the shallow cap necessary. It would have been nec
essary to place the bents perpendicular to the street to obtain the shortest possible cap 
span. With this arbor arrangement the columns would have literally blocked the inter
section, and the bents would not have been utilized economically since the superstruc
ture beams would have framed into only one end of the cap. 

The use of a 91-ft long single rigid-frame bent diagonal to the intersection with its 
shallower cap avoided the problems of the framed end bents. Therefore, the second de
sign was selected. However, the use of 36 or 50-ksi yield steels would also have pro
hibited the use of a single bent since the cap would have had too much depth. It was 
necessary to use quenched and tempered low-alloy steel, ASTM A 514, with 90-ksi yield 
strength in the flanges and 100-ksi yield strength in the webs to obtain the shallowest 
depth of cap possible, 5-ft 5-in. maximum. 

Figure 1 shows the minimum roadway grades (6½ percent) and depression achieved 
with this design. Figure 2 shows the appearance of the structure. The columns of the 
bent do not hinder traffic flow in any direction. 
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Figure 1. Completed overpass; note minimum grades (61/2. percent) permitted with the rigid frame bent 
of A 514 D anp E, quenched and tempered alloy stee Is. 

Figure 2. Aerie I view of completed overpass. 
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Figure 3. P Ian of 212-ft long rai I road overpass, Beaumont, Texas; centra I support is a 96-ft long welded 
rigid frame bent of ASTM A 514 D and E steels. 

Description 

The overpass is a 4-span three track structure with an overall length of 212 ft (Fig. 
3). The two 76-ft 3-in. long center spans are continuous and frame into the center rigid 
frame bent. The simple end spans are supported by spill through reinforced concrete 
abutments and end bents of reinforced concrete. All bents and abutments are founded 
on prestressed concrete piles. 

The superstructure beams, ASTM A 441, 36-in. 194-lb wide flange, support a bal
lasted deck of cast-in place concrete forming steel-concrete composite beams. 

The rigid frame bent is of welded box construction with a span length center to center 
of bearing pins of 91 ft 10 in. (Fig. 4). Each leg of the rigid frame is supported by re
inforced concrete footings resting on sixteen 18-in. square prestressed concrete pilings. 
The two footings are joined together by a reinforced concrete tie beam 8 ft 6 in. by 4 ft 
3 in. 

91' - 10· 

16'- ~ 

CCJICRETE TIE BEAM 

15'- 2 "l" 
MIN. 

VERTICAL 
CLEARANCE 

Figure 4. Elevation of rigid frame bent of ASTM A 514 D and E steels. 
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T' THICKl'ESS H• 1£1GTH 

MIN. MAX. 

BEAM I" 
32 4'- 6. :;'- 3• 

H COLUMN 3 • 3' - o " 4' - o· 

Figure 5. Typical cross-section of columns and cap at diaphragm plates. 

Cross sections of the columns and cap of the rigid frame bent are shown in Figures 
5 and 6. Details of the knee section are shown later in Figure 14. The major compo
nents of the bent are: 

Item Size Material 

Flanges 48 by 3½-in. plate 

Knee stiffeners 48 by 3-in. & 3½-in. plate 

A 514 Grade E 
Armco SSS 100* 
A 514 Grade E 
Armco SSS 100 
A 514 Grade D 
Armco SSS l00A 

Webs, internal stiffeners and 1-in. plate 
diaphragms 

*SSS and SSS 100 are registered trademarks of Armco Steel Corporation. 

4'·6" 

4 '- o· 

(.\ 
~ 

COVER PLATE 

I" PLATE 

STIINOERS 
HYF 194 

Figure 6. Cross-section of cap at stringer beam continuous connections. 
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The cap varies in depth from 4 ft 6 in. in the 46-ft long center section to 5 ft 5 in. at 
the knee. The columns vary in depth from 3 ft at the base to a maximum depth of 4 ft 
at the knee. 

The rigid frame bent was designed to be shop welded in three sections. Consulta
tions with the steel producer and the fabricator proved helpful to the designer in select
ing the center section length, the type of corner at the knee, the use of one piece stif
feners at the knee, the joint preparation for the stiffeners, and the use of 1 by 3/a-in. 
backup bars in the web to flange T-joint weld. 

Allowable Stresses 

The allowable stresses of the ASTM A 514 steels were determined from calculations 
based on AREA specifications. 

ASTM A 514 
Thickness¾ In. 

to 2½ In. 
2½ In. to 4 In. 

Tension: 54,000 49,000 

Compression: 
Bending 
Supported 54,000 49,000 
Unsupported 54,000 - 46.0(1/bf 49,000 - 37.3(1/b)2 

Axial loaded columns: 
Riveted, max 1/r = 100 43,000 - 2.15(1/r)2 40,000 - 1.77(1/r)2 

Pinned, max 1/r = 110 43,000 - 2.85(1/r)2 40,000 - 2.4(1/r)2 

Shear: 
Gross web section 33,000 psi 30,000 psi 

We Id meta I stresses: 
Fi I let welds 37,600 psi 33,800 psi 
Butt we Ids 39,400 psi 35,400 psi 

Maximum Loads, Stress and Deflection 

Design was in accordance with the American Railway Association Standard Specifi
cation using Coopers E-60 live load and an impact of 38 percent as provided by the 
Diesel impact formula. The maximum design loads, stresses, and deflections are 
summarized as follows for the rigid frame bent: 

Impact: 
Direct 
Rolling 

Total impact 

Maximum loads 
Cap: 

Axial load 
Bending moment 

Knee section: 
Axial load 
Bending moment 

Column (at bottom of cap) : 
Axial load 
Bending moment 

2,417.18 kips 
27,354.6 ft-kips 

2, 417. 18 kips 
-33, 841.1 ft-kips 

1,883.82 kips 
-27, 147. 5 ft-kips 



Stresses 

Location 

Cap q_ 
Cap knee 
Column 

TABLE l 

ASTM A 514 GRADES D AND E (SSS lOOA AND SSS 100) MECHANICAL PROPERTIES 

Pro perty 

U ltimote tensile strength, ksi 
Yield strength (at 0.2% offset), ksi, min. 
Elongation in 2 in., min, % 
Reduction of area, min, % 

• 40 percent for plates¾ in. and unde r 

3/i 6 In. to 2 ½ In. 

115- 135 
100 

18 
50* 

Over 2 ½ 1n. 
to 4 In. 

105-135 
90 
17 
50 

Over 4 In. 
to 6 In. 

105-1 35 
90 
16 
45 

SSS 100A is produced to 100-ksi minimum yie ld to l ¼ in., and to 90- ksi minimum yie ld 
to 2 in. 

Ma xi mum Thickness Limi ts of ASTM A 51 4 

G rade D (SSS lOOA ) I¼ in. 

Grade E (SSS 100) 4 in. 

SSS 100 is covered by U. S. Patent • 3,288,600. 

Axial Stresses Bending Stresses 

Actual Allowable Ratio Actual Allowable Ratio 

5,620 39,988 0.141 38,220 48,978 0.780 
5,370 39,199 0.137 38,460 47,563 0.809 
4,510 39,884 0.113 43,880 48,722 0.901 

Live Load Deflection 

Actual 

Total live load plus impact 1.4254 in. 

STEEL USED IN BENT 

SSS 100 Steels 

Allowable 

1.7406 in. 
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Total Ratio 

0.921 
0.946 
1.014 

ASTM A 514 Grade D, Armco SSS lO0A, was used in thicknesses up to 1 ¾ in. inclu
sive. Grade E of the specification, Armco SSS 100, was used for thicknesses over 1 ¼ 
in. The mechanical properties of the quenched and tempered alloy steels are given in 
Table 1. 

The chemical compositions of SSS 100 and SSS 100A are given in Table 2. The high 
strength of these steels is obtained by using alloying elements which also provide the 
best possible weldability. 

The ability of the steels to harden throughout their thickness upon quenching is ob
tained principally from chromium and molybdenum. Boron is added to intensify the 
hardenability effect. Chromium and molybdenum are varied in modifying the chemical 
composition to provide the proper hardenability for section thicknesses varying from 
3
/10 to 6 in. 

Titanium and/or vandium is added to promote grain refinement and to give the steels 
the ability to retain their high tensile strengths after tempering or after prolonged stress 
relief heat treatment. The steels have not been found susceptible to cracking in the 
heat affected zones of welds during postweld heat treatment (stress relief). 
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TABLE 2 

CHEMICAL COMPOSTION RAN GE (PERCENT) 

El ement 
ASTM A 514 D ASTM A 5 14 E 

(SSS lO0A) (SSS 100) 

Carbon 0.13/0.20 0.12 i 0 ,20 
Manganese 0.40/0.70 0.40/ 0.70 
Phospho rus, max 0,035 0.o35 
Sulfur, max 0,040 0.040 
Si li con 0.20/0.35 0.20/ 0,35 
Chromi um 0,85/ 1.20 I 1.40/ 2,00 
Mo lybdenum 0.15; 0.25 0.40/0.60 
Ti tanium 0,04/ 0.10 ' 0.04/ 0, 10 
Copper 0.20/ 0,40 0.20/0.40 
Boron 0.0015/ 0.0050 0.0015/ 0.0050 
Vanodium -* -· . 

Moy be subs tit uted for pert o r a ll of titanium. 

reasonable estimate since the modified 
region. 

Fatigue Properties 

The fatigue strengths of SSS 100 and SSS 
100A have been determined in plain plate and 
butt welded at stress ratios of R = O and R = 
½, and in butt welded plate with the weld re
inforcement removed at a stress ratio of R = 
½. (R equals the minimum stress divided by 
the maximum stress.) The fatigue strength of 
the weldment is almost doubled by removing 
the weld reinforcement. 

The fatigue strengths are shown in Figure 
7 for 600,000 cycles in a modified Goodman 
diagram as percent of ultimate tensile strength . 
The curves for negative stress ratios in plain 
and welded plates and for stress ratios less 
than one half for the ground welded plate have 
been extrapolated linearly. This provides a 
Goodman curves are normally linear in this 

The largest stress fluctuation in the bent occurs in the outer flange of the columns. 
The dead load tensile stress is 21 percent of the ultimate tensile strength and the sum 
of the live load and dead load tensile stresses is 37 percent of the ultimate tensile 
strength of the steel. This point falls below the intersection of the R = ½ line and the 
W curve in Figure 7, well below the curves for plain plate and butt welded plate with the 
weld reinforcement removed. 

SHOP FABRICATION 

Cleaning 

The ASTM A 514 steels were shot blasted before fabrication. Mosher Steel Compa
ny had found from past experience that the removal of all mill scale from quenched and 
tempered steels helps to eliminate cracking and porosity in the welds. 

Weldabil'ty of SSS 100 

Restraint welding tests conducted by the Research Center of Armco Steel Corpora
tion on SSS 100 were reviewed (!). These studies included cruciform tests and Navy 
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Figure 7. Fatigue strengths at 600,000 cycles of SSS 100 and SSS 100A plain plate, butt welded plate, 
and butt welded plate with the weld reinforcement ground flush ; fatigue strengths are shown as per

cent of ultimate tensile strength. 
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·h-T~ 2 ='=il:::::::=:--~BACK GOUGE 

13-49 

BASE PLATE: ASTM A-514-E (SSS 100) PREHEAT: 25Cf'F MIN 
POSITION: FlAT INTERPASS TEMP: 450"F MAX 
PROCESS : SMAW POLAIUTY: AC 
ELECTRODE: E 11018 
POSTWELD HEAT TREATMENT: lOSO"F, 3-1/2 HRS, AIR COOL 

PASS ELECTRODE SIZE AMPS 
PASS ELECTRODE SIZE AMPS 

NO IN. NO IN, 

3/16 220 12 7/32 300 
7/32 280 13-1 6 3/16 260 

3•< 3/16 250 17-21 7/32 200 
5-10 7/32 290-300 22-31 7132 300 
II 3; 16 no 32-72 1/ 4 320-340 

AIR-CARBON-ARC BACK GOUGE ROOT TO SOUND METAL PRIOR TO PASS I I. 

Figure 8. Welding procedure specification for 
butt joint, 3½-in. thick ASTM A 514 E plate, 
using the shielded metal-arc welding process. 

Circular Patch Tests. They showed that 
SSS 100 has a very low susceptibility to 
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BASE PLATE : ASTM A-51-4-E (SSS 100) PREHEAT: 25CPF MIN 
POSITION: FLAT 1NIUPAU U:Mr1 •SC,r MAX 
PROCESSES: SEE TABLE SHIELDING: COz GAS, 4S CFH 

POLARITY: SMAW, AC VOLTAGE 
ELECTRODES: SEE TABLE GMAW OCRP 
POSTWELD HEAT TREATMENT: IOSO"f, J-V2 HRS, AIR COOL 

PASS 
ELECTRODE 

VOLTS AMPS PROCESS 
NO 

TYPE SIZE, IN. 

I El 1018 J/16 260 SMAW 
2-7 MCKAY 115• 7/6< 27 400 GMAW 

• EII0l8 3/16 260 SMAW 
9-42 MCKAY 115• 7/6' 27 400 GMAW 

ROOT AI R-CARBON-ARC BACK G O UGED TO SOUND METAL 
PRIOR TO PAS S 8. 

• - FLU X• CORED WIRE 

Figure 9. Welding procedure specification for 
butt joint, 3½-in. thick ASTM A 514 E plate, 
using the gas shielded metal-arc welding pro-

cess with flux-cored wire. 

cracking under conditions of high restraint. However, they also revealed that to insure 
crack free welds steps must be taken to eliminate hydrogen from the welding operation. 
Accordingly, preheat procedures were set up to eliminate moisture from the work sur
faces and all electrodes were protected from moisture. 

Welding Procedure Specifications 

Four welding procedure specifications were qualified on the A 514 steels in accord
ance with AWS and Texas Highway Department specifications (3, 4, 5). Filler metals 
permitting the postweld heat treatment specified for shop fabrication- were used. 

Thick Butt Joints 

Two procedures were qualified for this heavy joint (3½ in. thick). The first used the 
shielded metal-arc welding process with E 11018 low hydrogen electrodes (Fig. 8). Test 
plates were cut square and edges were beveled with mechanized oxygen torch cutting. 
The torch cut edges were ground to eliminate scale and to smooth. 

The test plates were preheated to a minimum of 250 F prior to welding. Multipass 
and split layer techniques we1·e used with electrodes varying in diameter from 3/ie in. 
to 1/-1 in. in order to maintain tile proper amount of metal deposit required. The plate 
was turned over after the first ten passes and air-carbon-arc back gouged to sound met
al. Passes 11 through 49 were then made to finish the bottom side of the plate. The 
test plate was again turned over and passes 50 through 72 were made with ½-in. elec
trodes to complete the top side. Interpass temperature was maintained at approximate
ly 450 F throughout the test. 

The second welding procedure specification established for the 3½-in. thick butt joint 
used a combination of the shielded metal-arc welding process and the gas metal-arc 
welding process (Fig. 9). The root pass was deposited with E 11018 low hydrogen 
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1.6.SE PLATE: ASTM A-.514-E GSS 100) POI.AR)TY: AC 
POSITION: FLAT PREHEAT: 24CPF MIN 
PROCESS: SMAW INTIDA..SS ffMP: "'50',- MAX 
ElfCTRODE: E 11018 BACKING: A-514-D (SSS IOOA) 
POST'WELD HEAT TREAT: 105Cf'F, 1.38 HRS, AIR COOL 

PASS ELECTRODE SIZE, IN . AMPS 

5/32 
3/16 

190 

'"' 
Figure 10. Welding procedure specification for 
T-joint, 1-in. ASTM A 514 D webs to 3 and 3½
in. ASTM A 514 E flanges, using the shielded 

metal-arc welding process. 

~ '£ I ,· 
,· X f 

BA.SE PLATE: ASTM A-51-4-D (SSS IOOA) SHIElDING: 
BACKING: ASTM A-514-D (SSS 100A) PREHEAT: 
POSITION: F\AT INTERPASS TEMP: 
PROCESS: GMA W POtARITY: 
ElfCTRO0E: MCKAY 115•, 7/~ IN. DIA . 
POST¼'ElD HEAT TREATMENT: 1050'F, I HR, AIR COOL 

PASSES VOLTS AMPS 

1-11 27 <00 

•FWX CORED WIRED 

t 
COz GAS, 45 CFH 
25CPF MIN 
4.SODF MAX 
OCRP 

Figure 11. Weiding procedure specification for 
T-joint, 1-in. ASTM A 514 D webs to 3 and 3½
in. ASTM A 514 E flanges, using the gas metal-

arc welding process with flux-cored wire. 

electrodes. Passes 2 to 7 were deposited using the GMAW process with McKay 115 flux 
cored wire and CO 2 shielding gas. The plate was turned over and the root was air
carbon-arc back gouged to sound metal and ground. A second pass using the El1018 
electrode was deposited. The bottom side was then completed usingthe GMAWprocess. 
The plate was turned over again and the top side completed with the GMAW process. 

Web to Flange T-Joints 

Two welding procedure specifications were qualified for the web to flange connec
tions. One used the SMAW process (Fig. 10) and the other used the GMAW process 
with flux cored wire (Fig. 11). The T-joint was designed to permit all welding in the 
flat position and from the outside of the box section. The groove and the backup bar 
duplicate the details of the joint used in actual fabrication. Here again multipass and 
split layer techniques were usea.. 

Testing 

All test welds were x-rayed to determine soundness. All test plates were postweld 
heat treated in accordance with ASME Code (6) at a temperature of 1050 F with a hold
ing time of 1 hr/in. thickness followed by air- cooling. Test coupons were prepared in 
accordance with AWS specification. The test results were all satisfactory (Table 3). 

TABLE 3 

WELDING QUALIFICATION PROCEDURE TEST RESULTS 
ASTM A 514 WELDMENTS 

Thickness 
(in.) 

31/2 

3½ 

Procedure 

SMAW 

GMAW-FC 

SMAW 

GMAW-FC 

UT 
(ksi) 

119.6 
116.7 
119.2 
120.2 
120.4 
120.6 
117.4 
117.0 

Free Bend 
El,(%) 

36.0 
35.0 
29.0 
28.5 
41.0 
35.0 
28.0 
36.0 

Side Bends 

4-0K 

4-0K 

4-0K 

4-0K 

Free bend specimens from 31/2-in. plate were 13/4 in . thick x 2¾ in. 
wide; all other specimens were per AWS D2.0-63. 

Figure 12 shows the form used by 
the fabricator as a record of qualifi
cation tests of welding procedures and 
operators. This test record shows 
that the welding procedures were wit
nessed by the testing agency and in ad
dition gives the results of tensile tests, 
free bend and side bend tests performed 
by the testing agency. The same test
ing agency maintained inspection through
out the job. 

Cap Center Section 

The 46-ft long center section of the 
cap, weighing 41 tons, was fabricated 
first. Figure 13 shows a cross section 
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MOSHER STEEL COMPANY 
HOUSTON. TEXAS 

FORM Q-1 FOR MANUFACTURERS' RECORD OF QUALIFICATION 
TEST OF WELDING PROCEDURES AND OPERATORS 

Record of ...................... .P.r.ocua .. &. .. Opez:ator ........... - ......... ............ ... .. ... ...... , ....... s.s •.. Jfo •... k:;6. .. 30,.6oJ.8 ................... ......................... .. 
,_orO...,..loTJ 

MenufaetUNr: MOSHER STEEL COMPANY. Addreeo: Houet<DI 1, Te:ru. 

Weldin&' Opentor: Neme. Eli ~~~ ............................................ Deaicnating No ......... Q .... , ..... _. .. Si,-ture ................................................. . 

Material: Klnd-.. .............. P.lAk ........ ............... Specification.AS.'IM .. A~.5llt: .. ar .• l ... (SS.8 ... lOOJ.T.S .. .... 10.5 .• 000 ... p1 •1P1WIM ... . 
(Plato~ Plpol 

Thlclmeu ....... 3 ... l/2." ............. lnche• Weldinr Poeition ........... F.l&t. ..................................................................................................................... . 
Welding Done in Accordance with Manufacturen' Welding Speclfration No.~~.;l,3..J!~., .... ~ .......... ... Dated ..... ~.~~.~9.§., ............... .. 

Speelmen 
No. 

Dimenoiono 
Width Thickne"" 

Area 

REDUC~llCTION•TZNSILII: TUT 

Ultimate total 
Ioad,Jb. 

Ultimate unit atreaa, 
lb. per oq. in. 

Character of fallUN 
and location 

......... ?..~! ............... .... 99!+ .. ...... .. l~!l3Q ...... ... l..lt.21 ............ 107,,.3.l!l .. _ .... - .... . ll!l.63..1+ ...................... .. .... ... P.t.1:mt..Jlc.HJ. ..... _ ... . 

........ 2•2 ............... 1.013 .. ........ 1.435 ........ l.'+~ ............ 104 ,883 .................... ll.6, 747 ......... _ .......... ............. _" ... . ... ,_ • .. _ ... _ ....... . 

Specimen 
No. 

Gage Length 
Be(oro Bonding After Bendlnr 

FREE-BEND TEST 

Difference Per Cent 
Difference REMARKS 

..... ,2.-3 .................. l.28 ............... ............ 1.74 ................. .. .. - ... 1'6 _, .... ...... 36.01 ..................... ...... .. ......... ...... _ ........................................ .. 

......... M .............. .. ... 1.i.a ........... ......... ....... 2.00 .... _ .... _ .... ...... ~52 ............... 35.Qi ........ _ .. _ ... _ ........................ ......................... - ...... .. 

Specimen 
No • 

FA~BIDID TUI' 

De•cribe the location, nature, end 1ize of any crack or tearing of the apedmen 

. ............................. ............ ................................................................... ___ ........ ............ _ .......... - ... --.... ··-·· .. -· ......... .................... ... ......... .. ..... .. 

......... .1 .110)..8 _ .. 1,..estrode1U1ed ................. ....................................................................... _ ................................. _ ......................................... _ 

Speelmen 
No • 

Sid,o _. .. lliND ,_. 

Describe the location, nature, and oize of any cnck or tearing of the epecimen 

.......... 2-5... .. - ....... .... Bat11factory ..................................................... _ ................... .. ..... - ...................................... .............................................. .. 
2-0 II 

Specimen 
No • 

BIDJ:..BIDID TUI' 

De•cribe the location, nature, and elze of any cnck or tearing of the 1peclmen 

......... 2-7 ............. ...... Bat1• factory.. .................................................................. ............................................................................ ......... .. ........ .. 

......... ~-8 ................................. • ............................................................... - ...... _ ......................... ..................................... - ............. - ............. - .... - ... -

Th• undenlped manufacturer certifie• that the statement• made In thi• report. are correct and that the teat weld• were prepuad, 

welded, and tested in accor dn.nce with the requlromenf9 ofa]lcM:111,c • leckw>MNMMH+ilil-SN&+INM 

Date ........ ...... , ......... UJ ..... ~l.?.9.l~ ... z ............ AWB D2.63 \,=-- ~lo~~~r ~~M2NY 

Witnessed By.. ~~~ By .. ..... '2:1._ .. , ...... LL'..~ ................ ................. . 

DOD Sprow - Soatbweetel'll Lab, H, P. Criclr. - Weldiaa . Bll8tneer 

Figure 12. Typical manufacturer.;' record of qualification for procedure and operator. 
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54" 

30° 

Figure 13. Cross section of cop and de toi Is of web to 
flange T- joint. 

of this heavy box and details of 
the weld joint. The % by 1-in. 
backup strips were tacked and then 
welded to both edges of the webs 
with a 3/is-in. fillet weld. The di
aphragms were fitted and tacked 
to the bottom flange. The webs 
were fitted and tacked to the bot
tom flange and to the diaphragms. 
Finally the top flange was fitted 
and tacked to both webs. The back
up bars were then continuously fil
let welded to the top and bottom 
flanges with a %0-in. fi llet weld 
from inside the box. All tack and 
fillet welds were made with El1018 
electrodes. 

The box section was then placed with the flanges in the vertical position for welding 
and was preheated to 250 F with natural gas heaters. The GMAW process with flux 
cored wire was used. Four welders worked simultaneously starting at the center and 
back stepping towards each end, welding each edge of the web to the flanges. When 
about one-half of the length of the first side had been completed, the section was turned 
over, preheated, and the second web was welded completely to the flanges. The box 
section was then reversed to the original position and the first web finished out to the 
ends. 

Cracks 

Upon magnetic particle inspection transverse cracks were found in all four welds. 
In reviewing the production welding procedure it was determined that preheating had 
been stopped when the flange surface reached 250 F and had not been continued a suf
ficient time for the heat to soak through the flange and remove the moisture entrapped 
between the 1-in. web plate and the backup bar (see insert of Fig . 12). Hydrogen had 
caused the transverse cracks under the longitudinal restraint imposed by the joint. 

Repair 

The cracked welds were repaired by air-carbon-arc gouging out the weld to sound 
metal and grinding. The joints were then preheated to a minimum temperature of 275 F 
with sufficient hold time to insure even heating throughout thus eliminating all moisture 
and reducing stresses upon cooling. 

The joints were re-welded using the shielded metal-arc welding process with E11018 
low hydrogen electrodes. The same sequence of welding was used as before. Interpass 
temperature was maintained at 450 F max. The section was not allowed to cool until 
completed. 

All welds were magnetic particle inspected after cooling. No cracks were present. 
Proper preheating had solved the cracking problem. 

The last sequence of fabrication of the center section of the cap was the welding of 
the beam seat stiffeners, the longitudinal beam seat plates , and the diaphragms. 

The box section was placed with the webs horizontal so that all of the fillet (¾-in.) 
welds on the stiffeners and longitudinal plates were in the downhand and horizontal posi
tion. The diaphragms were welded from the inside with horizontal 1/4.-in. fillet welds 
at this time also. E11018 low hydrogen electrodes were used for fillets and tacks join
ing A 514 to A 514, and E7018 low hydrogen electrodes were used for fillets and tacks 
joining A 441 to A 514 for all fabrication. 
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~ 
16 
45° 

Figure 14. Leg to cap connections with 
flange to flange butt, corner and T-joints 

and stiffener to flange T-joints. 
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Stress Relief 

The center section of the cap was stress re
lieved at 1050 F for 3½ hr in accordance with 
ASME Code. All T-joint welds were magnetic 
particle inspected again after stress relief. 
There were no defects. 

End Sections and Columns 

The two 25-ft long end sections of the cap and 
the two columns were fabricated similar to the 
fabrication of the center section. The T-joints 
in these four sections were welded with the gas 
metal-arc welding process with no problems. 
The preheat temperature of 275 F minimum was 
again used, and interpass temperatures were 
again maintained at 450 F maximum. In the as
sembly of the leg, the butt joint in the outside 
flange was made first so this weld could be ra
diographed. These sections were completely 
fabricated before joining them together to form 
the knee of the bent. Web plates were not in
stalled at this time in the knee area (Fig. 14). 

Knee Section 

The fabrication of the knee section (Fig. 14) 
was complicated by the high restraint imposed 
by the 3-in. diagonal and the 33/.i-in . vertical 
stiffeners. Welding sequences providing even 

heating and cooling throughout the joint were employed. 
The vertical 3¾-in. stiffener was tacked in placed and the outside flange of the leg 

was tacked to the flanges of the cap at A and C. The vertical stiffener was preheated 
to 275 F and welded with E 11018 electrodes at the top. 

Next, joints A, B, and C were preheated to 275 F and were welded simultaneously 
to minimize distortion . These welds were checked with magnetic particle inspection 
upon completion . Finally, the 3-in . diagonal stiffener was fitted and tacked into place. 
Joints A and B were again preheated and the stiffener welds were completed. All of the 
individual welds described above were back gouged to sound metal before completion 
of the second side, and all were magnetic particle inspected upon completion. 

The two triangular shaped web plates at the knee section, also beveled and fitted with 
the backup bar (Fig. 13) were fitted on each side of the 3-in. stiffener. Webs and flanges 
were preheated to 275 F and welded with the gas metal-arc welding procedure. These 
welds were also magnetic particle inspected. One of the 34-ton knee sections is shown 
in Figure 15 on the furnace car. Bracing was used to prevent distortion during stress 
relief heat treatment. The corner welds were magnetic particle inspected again after 
stress relief heat treatment. 

Bearing Shoes 

The bases of the bearing shoes are 3½-in. by 6-ft square ASTM A 441 plate. The 
ribs (2 in. thick) and pin plates (3 in. thick) are A 514-E. Figure 15 also shows one 
of the bearing shoes. 

The rib plates and pin plates were fit and tack welded to the 3½-in. base plate. The 
two shoes were then welded together back to back with splice plates on each side to hold 
them straight during welding. Both shoes were preheated to a temperature of 275 F. 
The first shoe was placed in the flat position and welding was started at the center and 
progressed outward on each rib and on each pin plate, using ½ -in. fillet welds. 
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Figure 15. Knee section and base plates after post-weld heat treatment, 

After welding about one-half of the ribs and pin plates on the first shoe the shoes 
were turned over and the second shoe was welded completely. The shoes were then 
turned back over and the welding was completed on the first shoe. 

The shoes were allowed to cool while restrained by the splice plates to keep them 
straight. After cooling, all welds were inspected with magnetic particle inspection. 

Figure 16. Details of preparation of 
fi e ld butt joints in 3½-in. ASTM A 
514 E flange plates and 1-in. ASTM 

A 514 D web plates. 

The temporary splice plates holding these shoes 
together were gouged off and the shoes were stress 
relieved with the knee sections. 

Leg Pin Plates 

Since the stress relieving furnace could not ac
commodate the full length of the leg vertically it 
was necessary to leave the pin plates off of the 
bottom of the legs until after stress relieving to 
gain the 1 ft 3 in. needed for clearance. The two 
outside pin plates were built up by plug welding 
three 1-in. plates together, including the end of 
the webs, with twenty-three plug welds. The cen
ter pin plate was 3 in. thick. 

The pin plates were tack welded in place, pre
heated to 275 F and welded with El1018 low hy
drogen electrodes with 9/ia-in. fillet welds. Welds 
were magnetic particle inspected. 

Shop Preassembly 

The center section of the cap was left long at 
initial fabrication to allow for shrinkage. After 
all work was completed the bent was completely 
shop assembled, measured and the center section 
was cut to length. 
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Field Joint 

The field butt joints in the flanges and the webs were double beveled with 60-deg in
cluded angle on each side. After consultation with the erector and project engineer, 
the top Vin the flange was cut 25/e in. deep and the bottom V was cut 1/a in. deep, thus 
allowing most of the welding in the field to be done in the downhand position. Pear 
holes were prepared in th.e web to a distance of 1¾ in. from the flange with corners of 
%-in . radius and were ground to a finish of ASA 500. Details of the field joint are 
shown in Figure 16. 

Welding Processes 

The specifications for this project required that all welders be certified prior to 
working on any material. Each welder was certified for the positions of welding re
quired of him in accordance with the Texas Highway Department Construction Bulletin 
C-6 within one month of starting field welding. All welding in the field was with the 
shielded metal-arc welding process using low hydrogen electrode E7018 for the ASTM 
A 441 steels and El1018 for the ASTM A 514 steels. Radiographic inspection was re
quired for 100 percent of all flange and web splices. Acceptance criterion was Section 
305, "Quality of Weld," of Texas Highway Department Construction Bulletin C-5. This 
is the same criterion as outlined in Specification for Welded Highway and Railroad 
Bridges by the American Welding Society. 

Erection of Frame 

Four erection towers were set on the concrete tie beam connecting the rigid frame 
footings. The towers were equipped with 50-ton hydraulic jacks to position the frame. 
The base plates were set on their footings and the legs were erected. The 7½-in. di
ameter pins were then installed. The center section of the frame was .set on erection 

Figure 17. Bent supported by towers and jacks for positioning; welding protected from weather by 
metal house. 
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towers (Fig. 17). Splice plates were installed on the webs. The base plates and the 
splice points were brought to designed elevations. 

Welding 

The sheet metal house (Fig. 17) was set over the field joint to keep out rain and wind. 
The flanges were preheated to 300 F minimum with four propane burners placed on the 
bottom of each flange. The required preheat temperature was obtained in about twelve 
hours. Interpass temperatures of about 400 F were maintained on webs and flanges. 

Three welders were used simultaneously, and welding continued until the joint was 
completed. The first joint was completed before the second was started. Welds were 
completed in the following order: 

1. Welding started on the top of both the top and bottom flange in the downhand 
position. Root passes we1·e made with 3

/ 16-in. diameter electrodes. These were fol
lowed with J./a, 3/ie, and %~-in, diamet r to complete the top of the flanges. 

2. The insides of the webs were preheated with rosebud torches and welded using 
1/s and 3/ie-in. electrodes. 

3. Flanges and webs were back gouged to sound metal and welds were completed on 
the second side. All preheat was maintained using rosebud torches. 

4. The welds were ground flush to improve their fatigue strength. 

Ra.cliog1·aphic Inspection 

All flange butt welds passed x-ray inspection. However, the web butt welds had 
porosity. The south end web butt welds had to be completely gouged and ground to 
sound metal and re-welded. The north end web butt had two areas less than 3 in. in 
length requiring repair. After repair, the web butt welds passed x-ray inspection 
also. 

Welding of Beam Cap Connections 

Fifteen wide flange beams were welded to each side of the cap of the rigid frame 
bent. Preheat was applied with propane heaters on the inside of the cap and the beams 
were preheated with rosebud torches, all to a temperature of 100 F. The beams were 
welded to the cap using full penetration welds. A cover plate was fillet welded across 
the top of the beams and the cap. These welds were all checked by ultrasonic inspec
tion. A few small repairs were required. 

One unfortunate event occurred on this part of the project when some youngsters shut 
off the propane gas at night. When workmen attempted to relight the burners trapped 
gas exploded inside the cap. The only damage found was bowing of the web plates at 
the access doors approximately ½ in. in 4 ft of length. All welds were magnetic par
ticle inspected again and found to be sound. 

Field Erection and Welding Time 

Erection and welding of the bent was completed in three weeks, and all steel erec
tion and welding was completed in three months even though the erector was delayed 
by mud and surface water (Beaumont had 70 inches of rain the year of erection). 

The A 514 steels proved to be weldable under field conditions using proper preheat 
procedures. Preheating in the field was not a major problem. 

CONCLUSIONS 

1. The use of the single rigid frame bent solved the problem of location of columns 
in the traffic intersection. 

2. The use of ASTM A 514 steels permitted the use of a single rigid frame bent. 
With lower strength steels the height of the cap would have been excessive. 

3. The use of the A 514 steels developed savings in fill, right-of-way, and depth of 
roadway depression. 
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4. Grades D and E of ASTM A 514 proved to be weldable in heavy sections in joints 
of high restraint and were stress relief heat treated with no problem. Low hydrogen 
procedures had to be used. 

5. Field welding of butt joints in 3½-in. thick A 514-E (SSS 100) flanges and 1-in. 
A 514-D (SSS lO0A) webs, and field welding of A 441 beams to the flanges and webs 
was accomplished with no problems. 
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