
Observations on Protective Surface Coatings for 
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ff a suitable surface coating could be found that would keep concrete 
dry and prevent the entry of salt solution, a significant reduction m 
scalmg and spalling, together with a general improvement in dura
b i l i t y might be expected. The observations made are based on the 
inspection of treated structures and pavements, controlled f i e l d 
t r i a l s , and laboratory evaluations which may be indicative of the 
effects of a wide range of surface coatings in improving (or other
wise) the freeze-thaw durability and scaling resistance of concrete. 

Results appear to show that fa i th in conventional surface coatmgs 
such as linseed o i l or bituminous products (other than normal asphalt 
surfacmgs) is more just i f ied than hope in more exotic substances. 
With many protective coatings the importance of such side issues 
as the di f f icul ty of attaining adequate bond with an overlying asphalt 
surface or the adverse effects of seabng a l l the exposed surfaces of 
a concrete section has become apparent. Pending completion of the 
investigation an in ter im conclusion is that, although surface coatings 
are not in themselves the answer to making concrete durable, a suit
able one, correct ly and selectively applied, may offer a worthwhile 
additional line of defense to reinforce air entraining in new construc
tion or re tard further deterioration in older structures or pavements. 

• ONTARIO may cla im to be among the largest users of de-icing salts in North America 
Each winter about 200,000 tons are used on the 12,000 m i of the main Provmcial system 
of Kings Highways. In addition, most towns and cities use salt. Metropolitan Toronto 
fo r example alone uses almost 100,000 tons a year. The bulk of the salt is used in 
Southern Ontario, usually in a raw state; however, when temperatures are below those 
at which salt is an effective de-icer i t is then mixed with sand. 

Although bare pavements may be a great boon to the traveler, damage occurred 
s imilar to that described by others at this symposium. Figure 1 is typical of the de
terioration in 25-year-old non-air-entrained concrete. Inasmuch as this particular 
bridge deck, like most others in the Province, was asphalt surfaced, at least one thing 
is thus proven. The conventional type of hot-laid bituminous surfacing is of l i t t le pro
tective value to the underljring concrete. 

A i r entraining w i l l certainly build into good quality mature concrete a reasonably 
adequate degree of resistance to damage. This solution is not, however, available to 
help old concrete; one cannot now return with a hypodermic to squirt in the missing 
ai r bubbles. Neither is i t always the f u l l solution even m new construction. From time 
to t ime, human or mechanical faihngs may lead to the mcorporation of a batch of poorly 
air-entrained concrete in the work, or expediency may mean that young concrete is 
exposed to severe deteriorating conditions. 

There might be another solution. If the concrete were kept perfectly dry and the 
entry of water and de-icing salts were prevented, then the concrete should be quite 
durable. The only deteriorating processes lef t at work would be such comparatively 
minor ones, as temperature change. It is in pursuit of this apparently attractive idea 
that the Materials and Research Division of the Department of Highways of Ontario has 
investigated a number of different types of what may be termed surface coatmgs. The 
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Figure 1. Deep scaling of older non-air-
entrained concrete bridge deck, with as

phalt surfacing. 

investigation has included examination of 
existing treated concrete, review of the 
problem and of available published infor
mation, laboratory evaluations, and con
trolled field trials. This paper records 
the state of the pursuit to date. 

BACKGROUND 
Silicone Treatments on Structural Con-
crete 

The possible benefits of using silicones 
as surface treatments to "improve the 
water repellency of hardened concrete" 
received wide publicity following the re
port of Britton (1.) of their use in New 
York State. As a result all the exposed 
concrete in sight on many bridges in 
Ontario was sprayed with silicones, usually solvent based. Further, from 1957 through 
1961 all bridge decks were treated with silicones before applying the asphalt surfacing. 

Because there appeared to be legitimate doubts as to whether improving the water 
repellency of the concrete would in fact lead to a significant improvement in the freeze-
thaw durability or scaling resistance, especially of fully air-entrained concrete, it 
was decided in 1958 to undertake an extensive series of laboratory accelerated freeze-
thaw and scaling tests to evaluate silicones. 

The full results of these tests are sufficiently comprehensive to form a separate 
report. In outline, it was found that neither solvent-soluble nor water-soluble silicone 
treatments produced a significant improvement in the freeze-thaw durability or ulti
mate scaling resistance of air-entrained concrete. At an early stage, up to 25 cycles 
silicones appeared to delay the onset of slight scaling but after this the treated speci
mens quickly caught up with and, in some cases, scaled more than the untreated con
trol specimens. With non-air-entrained concrete deterioration was very rapid; for 
example, even silicone-treated specimens scaled completely within 50 cycles. Where 
the salt solution was standing on the scaling slabs at the time of freezing, scaling was 
more severe than when the surface was merely damp. Also, freezing in water pro
duced more severe deterioration than freezing in air. Different curing procedures had 
comparatively little effect on the results because soon after testing started specimens 
that had a final period of dry curing rapidly picked up moisture to the same equilibrium 
condition. 

These laboratory results lead to the conclusion that silicones were probably of little 
practical protective value, especially on horizontal surfaces on which salt water might 
pond before freezing or where water might be fed from the back of the concrete to the 
freezing zone, though it was to be admitted that they might be of help on vertical sur
faces in that they would delay the penetration of rain or salt water splashes. 

To try to substantiate these findings more completely, a survey of structures treated 
with silicones was made. It was difficult to secure precise information as to which of 
the exposed surfaces had been treated on a particular brieve. However, inasmuch as 
the survey in 1960 showedthat of 91 bridges treated from 1957 to 1959 only 53 showed no 
evidence of scaling, it was apparent that the liberal use of silicones had not prevented 
concrete from scaling. Positive information as to what was happening to the deck con
crete was not readily available because the silicone-treated surfaces were covered 
with asphalt. 

However, in the Fall of 1961 in order to repair some joints on the deck of a high-
level structure (Burlington Skyway) sections of the asphalt surfacing were removed. 
Figure 2 shows the scaling that had occurred after three winters. Scaling was more 
severe on the low places such as against the curb line. There was no bond between 
the asphalt and the concrete. The concrete in question had been thoroughly treated 
with a solvent-soluble silicone before applying asphalt; no tack coat or other treatment 
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Figure 2. Moderate scaling of concrete 
bridge deck after three winters. As
phalt surfacing; a ir content, 2.2 per

cent} si l icone-treated concrete. 

had been used. Subsequent microscopical 
examination of cores taken from the scaled 
sections of the deck showed that the air 
content of the hardened concrete was only 
2. 2 percent by volume, with a spacing 
factor of 0.0143 in. and specific surface 
of 464 sq in. per cu in. Thus, although 
the concrete was not adequately air en
trained, the silicones had not afforded 
lasting protection to the concrete nor had 
the asphalt bonded to the silicone nor had 
the asphalt itself contributed to protecting 
the concrete. At this point, the Depart
ment of Highways decided to abandon using 
silicones on structural concrete. 

Evidence from other sources appears 
to support these observations; e. g., 
Klieger (2, 3), LaFleur (4), and Grieb 
and Woolf (Sj. 

Linseed Oil-Kerosene Treatments on Concrete Pavements 
Since 1959, all new concrete pavements have been treated with two coats of a 50:50 

mixture of boiled linseed oil and kerosene. The method used has followed the recom
mendations of Portland Cement Association (6). 

Preliminary laboratory studies in 1959 indicated this treatment to be effective in 
that it prevented any scaling during the first fifty test cycles. Once scaling started, it 
could be partly arrested by a further application of linseed oil. Confirmation of the 
effectiveness of this treatment comes from field performance over a period of up to 
three winters. Nearly 120 mi of pavement 24 ft wide have been treated. At 60 mph 
out of 2 hrs driving, the motorist would be riding over scaled concrete for less than 
5 sec. Although this outstanding performance is undoubtedly mainly due to good con
struction practices using high-quality air-entrained concrete, the least that can be said 
is that the linseed oil treatment has caused no positive harm. 

General Comments 
Two surface coatings have thus had wide use in Ontario. Of these, linseed oil ap

pears to have performed well and is cheap and easy to apply. The problem with pave
ments therefore, appeared to be solved. Inasmuch as silicones had apparently little 
value, the natural inclination was to extend the use of linseed oil treatments to all other 
concrete, both exposed and asphalt-surfaced. However, and fortunately as it has turned 
out, when in 1959 the laboratory evaluation of silicones first produced disappointing re
sults, it was decided to undertake a laboratory evaluation program linked to controlled 
field trials of possible alternative protective surface coatings. 

REVIEW OF EXISTING INFORMATION 
There is little published information on the effects, other than decorative, of surface 

coatings for concrete. Record is made of two of the most important references (7, 8), 
because they occur in a source (Proceedings, American Railway Engineering Associa
tion) to which the highway engineer might not immediately turn. These and such papers 
as that by Mitchell (9) though of great value did not provide the answers sought, particu
larly with respect to whole new classes of materials that were being developed in the 
manufacturer's laboratories or imaginations as surface coatings for protecting concrete. 

MATERIALS FOR EVALUATION 
A selection was made of available materials that might be expected either to provide 

a completely waterproof coating or to alter the surface characteristics of the concrete 
as to provide resistance to scaling. 
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The requirements for satisfactory performance appeared to be the following: 
1. The surface coatmg should be inert and unaffected by the potentially deteriorat-

mg substances likely to be present; e. g. , alkali m the concrete, solvent action of 
petroleum products found in asphalt or lost from passing vehicles, or de-icmg chemi
cals themselves. 

2. The coatmg should be capable of forming a continuous impervious uniform f i lm 
tenaciously bonded to the concrete or should otherwise seal the pores and capillary 
openings of the concrete. Alternatively, it should alter the svirface characteristics of 
the concrete to provide a satisfactory degree of water and de-icmg chemical repellency. 

3. The coatmg should mamtam its protective properties through a temperature 
range of - 50 to +150 F. Where exposed, it should not deteriorate due to normal weather
ing processes for a reasonable period. 

4. On traveled surfaces, the coating should be nonskid and resistant to abrasion 
and deterioration due to traffic for a reasonable economic life. 

5. Under asphalt, the coating should retain its properties at the laymg temperatures 
of the asphalt (250 to 325 F) and should bond tenaciously to the asphalt. 

6. The coatmg should accommodate itself to the effects of temperature and moisture 
change m the concrete without rupture and should preferably continue to bridge any 
small shrinkage cracks in the concrete that develop after the coatmg is applied. 

7. The coatmg should readily dry or otherwise cure to a hardened state so that 
pick-up is avoided, any road closure is kept to the mmimum, and damage by rain does 
not occur. 

8. The coating should be low cost (essential for concrete pavements, though only 
preferable for structures) and easy to handle and apply, preferably without special 
skills or equipment. 

9. For exposed application on structures, the coating should either be colorless, 
match the color of concrete, or not be objectionably different. On pavements, greater 
tolerance in color might be permitted in the black or grey-white range provided it were 
uniform and did not distract the motorist. 

These requirements limited severely the choice of potential surface coatmgs. After 
consideration, the following were selected for investigation: 

1. Linseed oil. 
2. SiLcones; water- and solvent-soluble. 
3. Epoxy resins; clear or pigmented, with or without flexible components such as 

coal tar or polysulfide. 
4. Paints that can be applied to concrete; i .e . , having chlorinated rubber, latex, 

acrylic bases. 
5. Synthetic resins other than epoxy; such as polyesters, polyurethanes, rubbers. 
6. Hardeners; sodium silicate, magnesium fluosilicate. 
7. Hot-applied rubberized mastic asphalt. 
8. Bituminous emulsions; as tack coats or built-up membranes. 
9. Coal tar pitch emulsions. 

10. Membrane curing compovmds. 
11. Brand materials that are basically in classes 1 to 10 or are combinations 

thereof. 
Individual materials are bemg evaluated by means of field trials or laboratory tests 

or both as appeared desirable. 

FIELD TRIALS 
Exposed Concrete 

Curb and Gutter Sections. - In the fa l l of 1960, 2,000 f t of curb and gutter on the 
boulevard of a six-lane divided highway (Queen Elizabeth Way at Bronte) was treated 
with various surface coatings. The coatmgs were chosen as ones not affecting the 
basic appearance of the concrete. In particular, the epoxy was the only one then com
mercially available with a comparatively neutral color. 
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The concrete, cast from September 29 to November 3, 1960, was air entrained, 
apart from a 60-ft length deliberately constructed as non-air-entrained concrete. 

The test length was divided into 20-ft sections and either left uncoated or given a 
treatment with one of the surface coatings under test. The 60-ft length of non-air-
entrained concrete was divided into smaller test sections. 

Microscopic analysis of 14 cores taken from the test section indicated that the air 
content of the air-entrained concrete varied from 5. 2 to 8. 3 percent (average, 7 per
cent) and the non-air-entrained concrete had an average air content of 2. 4 percent. 

The concrete itself had a design strength of 3, 000 psi at 28 days with a cement 
factor of 525 lb per cu yd and average slump of H'U in. The coarse aggregate was a 
sound dolomitic limestone of y 4 - i n . nominal maximum size. 

The test sections were periodically inspected and each given a scale rating based on 
visual observation (A = no scaling, and F = the most severe scaling). After the first 
year, little scaling was evident on either the air-entrained or non-air-entrained con
crete. Typical ratings are shown in Figures 3 to 6. 

The various surface treatments and ratings are given in Table 1. For each treat
ment the percentage of sections that reach a given scale rating is stated. 

64 65 

Figure 3 . F i e l d t r i a l s , curb and gutter. 
Panel i>\x — l i n s e e d / o i l kerosene, r a t i n g 
A; Panel 63 — s i l i c o n e , r a t i n g D. Non-

a i r - e n t r a i n e d concrete. 

r 

Figure 1|. F i e l d t r i a l s , curb and gutter. 
Panel 65 — epoxy r e s i n (no thinner 
added); Panel 6 i t — l i n s e e d o i l / k e r o 

sene, non-air-entrained concrete. 
X — remaining areas of epoxy sur

f a c e coat a f t e r 1 y r . 

Figure 5 . F i e l d t r i a l s , curb and gutter. 
Epoxy r e s i n (33 percent thinner added f o r 

a p p l i c a t i o n ) , a i r - e n t r a i n e d concrete. 

F i g u r e 6. F i e l d t r i a l s , curb and gutter. 
Panel 92 — s i l i c o n e , r a t i n g B; Panel 9 1 — 
untreated, r a t i n g E , a i r - e n t r a i n e d con

c r e t e . 
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48 26 17 _ _ 9 
56 10 6 28 - -
60 - - 20 - 20 
86 14 - - - -
72 9 - 19 - -
32 10 16 26 10 6 

77 

TABLE 1 
SURFACE COATINGS APPLIED TO CONCRETE CURB AND GUTTER-SCALE RATINGS 

Application Scale Rating for 1 Yr (%) 
(coats) 

Water soluble silicone (3 percent solids) 1 
Solvent soluble silicone (5 percent solids) 1 
Boiled linseed oil and kerosene 1 

50:50 mixture 2 
Epoxy resin (54 percent solids) 1 
Untreated 

Judged after one year of exposure, the test sections with either of the silicones 
were performing slightly better than the untreated sections. Two coats of boiled lin
seed oil and kerosene clearly had the most benefit on concrete durability; of the sec
tions coated this way 86 percent showed no trace of scaling. The difference between 
the performance of linseed oil and the silicones was particularly noticeable m the non-
air-entrained concrete section and is well illustrated in Figure 3. 

The epoxy resin proved disappointmg. Though st i l l intact, it was as effective as a 
two-coat treatment of linseed oil in preventing scaling. After one year the epoxy has 
almost completely peeled off some test sections (see Figs. 4 and 5). It is unlikely 
that the remaining epoxy wi l l benefit concrete durability from now on. 

The epoxy as purchased was clear and was said to contain 54 percent vehicle solids. 
In an effort to promote penetration into the concrete, the material was mixed with up 
to 50 percent thinner before application on some sections. Generally, the larger the 
amount of thinner, the better the bond of the epoxy to the concrete. 

Experiments elsewhere on the same highway at Shooks Hil l and Credit River using 
a polysulfide epoxy suitably thinned were more successful; after two winters the sur
face seal shows no sign of peeling off, though some f i lm pittmg is evident. 

Concrete Pavement. — As noted previously, it is the Department's standard practice 
to give new concrete pavement a Imseed oil treatment before the f i rs t winter. Seeking 
a comparative performance of surface coatings on traveled concrete surfaces, a 300-ft 
length of 24-ft wide pavement constructed in 1960, (Highway 401, Campbellville) either 
received no treatment at all or one of two types of silicone. It was planned to compare 
the performance of this tr ial length with the rest of the concrete pavement which was 
treated with linseed oil. 

After two winters of exposure, however, no scaling or deterioration has occurred 
on any of the untreated or treated panels. 

Areas of this pavement were also cured with a white-pigmented resin-based curing 
compound instead of wet burlap. Again, no difference m performance is yet evident. 

Concrete Bridge Deck with Asphalt Surfacing 
In September 1960, various surface coatings were applied on a concrete bridge deck 

before applying the asphalt wearing surface. The tr ial areas, 24 f t wide and 800 f t 
long, formed part of the driving lane on the widening to a concrete structure of a six-
lane divided highway (Queen Elizabeth Way at the Credit River Bridge). 

The air-entrained concrete in the test section was placed between May 27 and 
September 16, 1960; the surface coatings were laid between September 22 and 24, 1960, 
and the asphalt binder course followed on September 26. 

The surface coatings used together with the costs of each and observations on bond 
are given in Table 2. Costs are somewhat inflated due to the comparatively small 
areas involved and to hand-application. 
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TABLE 2 
SURFACE COATINGS-FIELD TRIALS OF MATERIALS ON A CONCRETE BRIDGE 

DECK UNDER ASPHALT SURFACING 

Type of 
Surface 
Coating 

Application 
(coats) 

Approx. Cost per 
100 sq f t of 

Material and 
Application ($) 

Observed Bond 
Between Treated 

Concrete and 
Asphalt Overlay 

SSI emulsion tack coat 1 0. 70 Poor; traces of 
tack coat re
mained on 
concrete 

Water soluble silicone 
(3 percent solids) 1 1.20 Nil 

Coal tar epoxy resin 
(60 percent vehicle 
solids) 1 10. 00 Nil 

Hot poured rubberized y4-m. mastic 
mastic asphalt plus primer 23. 00 Excellent 

Coal tar pitch emulsion 2 plus primer 8.00 Good 
Boiled linseed oil and 

kerosene 2 1.00 Nil 
Polysulfide epoxy resm 1 12. 50 Nil 
Solvent soluble silicone 

(5 percent solids) 1 3. 00 Nil 

After twelve months' exposure, "squares" were cut out of the asphalt to check on 
the condition of the concrete surface and observe the bond between the asphalt and the 
treated concrete. Cores were also drilled through some of the test sections that ap
peared to have a good bond. In no case was any scaling or other deterioration of the 
concrete to be observed. 

The all-important question of bond between the concrete and the asphalt could how
ever be studied. Asphalt without a tack coat, placed on either of the two epoxies, the 
two silicones, or the linseed oil had no bond at all. The SSI emulsion tack coat produced 
a slight bond (Fig. 7). The hot-poured rubberized mastic asphalt layer gave an excel
lent bond to the concrete and to the asphalt, as did to a slightly lesser extent the coal 
tar pitch emulsion. 

In addition to the waterproofing characteristics and bonding properties of these sur
face coats, their ability to 'Taridge" future cracking in the concrete slab is of some 
importance. It is clear that of the materials tested, the hot-poured rubberized mastic 
appears superior in this respect, after one year's service it s t i l l retained its rubbery, 
elastic appearance, though the possibility of embrittlement at low temperatures st i l l 
remams to be determined. 

Following the f i rs t experiments additional field trials of the two most promising 
materials have been undertaken during 1961 on the whole decks of structures. 

Hot-rubberized mastic asphalt has been applied to the reconstructed concrete sur
face of the old deck of the Credit River Bridge before asphalting. The same material 
has also been applied to the decks of structures where the prestressed concrete beams 
are butted together with no separate concrete deck. 

A built-up bituminous emulsion membrane system has been applied to the CNR over
head Highway 48 north of Toronto. The system comprises three applications of the 
emulsion over the primed concrete surface with a layer of reinforcing fabric (woven 
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fiberglass cloth) embedded in the second 
coat. The membrane system is then pro
tected by a layer of filled static asphalt 
about in. thick. 

This system or ones similar have long 
been in general use to waterproof below-
ground concrete. In addition, they have 
been used by the Canadian railway compa
nies under track ballast on concrete decks 
with apparent success for many years. 

Inasmuch as these trial applications 
are so recent no performance data is 
yet available. 

Protection of Existing Concrete When 
Repairing Bridge Decks 

The first stage of repairing an exist
ing bridge deck showing deterioration is 
to remove all unsound concrete. Pro
vided the damage is not so severe as to 
require complete replacement, the deck 
can usually be salvaged by rebuilding the 
surface with good quality air-entrained 
concrete bonded to the remaining sound 
old concrete. With proper surface 
preparation an adequate bond can be 
obtained by using a cement grout as a 
bonding agent. There is one distinct advantage however, in using an epoxy-resin 
bonding agent instead. In addition to bonding, it forms a moisture vapor barrier 
that should protect the poor quality old concrete from further water and salt penetra
tion from above causing damage. 

Such repairs have been made on several structures, sidewalks, etc., and perform
ance is being studied. So far, over two winters no further deterioration of the old 
concrete has been observed. 

Figure 7. F i e l d t r i a l s — asphalt-covered 
bridge deck. T y p i c a l l y poor bond be
tween concrete and asphalt overlay; S S I 

emulsion t a c k coat used on s e c t i o n . 

LABORATORY TESTS 

The object of the laboratory tests was to determine the effectiveness of a number of 
of surface coatings in improving the durability of concrete. Parallel freeze-thaw and 
salt scaling tests were conducted on the different coatings. In each case, the perform
ance of a surface-treated concrete was compared with that of untreated concrete from 
the same batch. 

Identical coating materials were used in each series of tests, the final number of each 
specimen indicating the type of material and application, as given in Table 3. The 
composition of the materials is based on information supplied by the manufacturers. 

The concrete mixes were designed to contain a nominal 525 lb per cu yd of cement 
(constant cement aggregate ratio) at a constant slump of 3 in. with an approximate 
w/c ratio of 0. 50. Standard laboratory aggregates were used recombined from ten 
sizes to give the required grading. The coarse aggregate was a sound natural gravel 
yi-in. nominal maximum size used in a saturated condition. The fine aggregate was 
a sound natural sand used in an oven-dry state. Of the six mixes used in each different 
test, two were of plain concrete and four were air entrained. 

Two curing procedures were used, the second one being used only on two of the a ir-
entrained mixes. The curing procedures were as follows: 

1. Specimens were stored at 100 percent relative humidity and 72 F for 14 days 
followed by 14 days in the laboratory at 72 F . The protective coating was applied at 
an age of 21 days. 
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T A B L E 3 

SURFACE COATINGS-MATERIALS E V A L U A T E D m THE LABORATORY 

Specimen 
No. 

Type of Material Coverage 
(sq ft/gal) 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

Polysulfide epoxy with f i l ler , diluted 1:1 with toluol 
Polysulfide epoxy with f i l ler , diluted 1:1 with toluol 
Polysulfide epoxy with f i l ler , diluted 1:4 with toluol 
Modified epoxy resm contaming silicones 
Solvent soluble silicone 5 percent solids 
Solvent soluble silicones 10 percent solids 
Water soluble silicone 3 percent solids 
Synthetic rubber formulation (styrene butadiene 

co-polymers) 
Epoxy resin—chlorinated rubber 
Synthetic resin emulsion (acryllic base) containing 

silicone 
Latex acryllic paint 
Epoxy resin pigmented 50 percent by volume 
Polyester resin 
Magnesium fluosilicate: 

1st coat, 10 percent solution 
2nd coat, 20 percent solution 

Sodium silicate, 2 coats 
Chlorinated rubber 
Boiled linseed oil diluted 1:1 with kerosene 
Boiled linseed oil diluted 1:4 with kerosene 
Boiled linseed oil diluted 1:1 with kerosene 

2 coats 
None 

150 
150 
300 
200 
200 
200 

400 
130 

200 
200 
200 
100 

150 
150 
120 (ea) 
200 
400 
400 
400 

2. Specimens were stored at 100 percent relative humidity and 72 F for 3 days 
followed by 14 days in the laboratory at 72 F. The protective coating was applied at 
an age of 10 days. Where a second coat of the protective coating was required on the 
day following the f i rs t coat, these were applied at 22 days and 11 days for the two curing 
procedures. 

Scaling Tests.— Six concrete mixes (PI to P6) were made, each of which yielded 
either 18 or 19 slabs measurmg approximately 13y2 by 6̂ /2 by 3/̂ 2 in. The molds were 
filled in two layers, each layer being rodded twenty times with a 1-in. square rod. The 
surface was immediately struck off level with three passes of a wood float. A brush 
finish was obtained using three passes with a stiff bristle brush 2 hr after placing and 
again 1 hr later. 

Air-entraihed mortar dikes were built around the edges of the slabs during the early 
part of the moist curing period. At the end of the curing period, 300 ml of salt solution 
were poured on the surface of each slab. This was frozen each night at 10 F and thawed 
during the day ui the laboratory at 72 F. The salt solution was washed off the slab and 
replaced once a week. Slabs were given a "scale rating" after 5, 15, 25, and every 
subsequent 25 cycles by visual comparison with standard slabs that had been assigned 
ratings from 0 (no scaling) to 5 (severe scaling). Testing was continued to 175 cycles 
where the coatings lasted. 

Details of the mixes and scale ratmg are given in Tables 4 to 9. The results of the 
tests on the more mteresting coatings are shown in Figure 8, where applied to a non-
air-entrained concrete and in Figure 9 on air-entrained concrete. 
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Freeze-Thaw Tests. —Twenty 3- by 4- by 16-in. beams were made from each of six 
mixes (P7 to PI 2). The concrete was compacted by vibrating with an external vibrator 
for 15 sec. 

TABLE 4 
SCALING TESTS-MIX DETAILS AND RESULTS FOR Pl^ 

Scale Ratmg^ at 
Slab 5 15 25 50 75 100 125 150 175 
No. Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

P l -1 1.0 2.0 3.0 4.0 4.5 4.5 _ _ 

-2 0 0 0 0 0. 5 0. 5 0. 5 0. 5 0. 5 
-3 0.5 1.0 2.0 2. 5 2. 5 2.5 2.5 3.0 3.0 
-4 0 0 0. 5 3. 5 4.0 4. 5 -
-5 0 0. 5 3.0 4.5 5.0 -
-6 0 0. 5 3.0 4. 5 5.0 -
-7 0 0. 5 2.5 4. 5 5.0 -
-8 1.5 2. 5 3. 5 4. 5 4. 5 4.5 
-9 0.5 1. 5 2.5 3.0 3.0 4.0 
-10 2.0 2. 5 3.0 4.5 5.0 - • 

-11 2.0 2. 5 3.0 4.0 5.0 -
-12 0 0 2.5 4. 5 5.0 -
-13 0 0 3.0 4.0 5.0 -
-14 2.0 2. 5 4. 5 5.0 -
-15 1.5 2. 5 3.5 5.0 -
-16 0 2. 5 2.5 3.5 3.5 4. 5 -
-17 0 0. 5 1.5 2.5 2.5 4.0 -
-18 1.0 1.0 2. 5 3.5 3.5 4.5 -
-19 0 0 0. 5 1. 5 1. 5 2.0 2.0 2. 5 2. 5 

^Hix P I : cement factor = 6.09 bags per cu ydj slump = 2-3A water cement rat io = 
0.50i a i r content: 2.1* percent; curing procedure 1 (ll* days moist plus Ih days dry ) . 

''Testing discontinued. 

UNTREATED 
EPOXr 
SILICONES 
LINSEED OIL 

P - 7 

P I -3 

PI-19 

PI -8 

- H - l 1— 
0 9 10 IS 23 90 TS 100 125 

NUMBER OF SCALING CYCLES 

Figure 8. Scaling tes ts , plain concrete; mix P l j a i r content, 2.h percent. 
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TABLE 5 
SCALING TESTS - MIX DETAILS AND RESULTS FOR 

Slab 
No. 

Scale Ratmg at Slab 
No. 5 15 25 50 75 100 125 150 1*75 
Slab 
No. Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

P2- 1 1.0 1. 5 2.0 2.0 2.0 2.0 2.0 2.0 2. 5 
- 2 0 0 0 0 0 0 0 0 0 
- 3 0 0 1.0 1.0 1.0 1.0 1.0 1.0 1.5 
- 4 0 0 0 1. 5 2. 5 3.0 
- 5 0 0.5 1. 5 2.0 2.0 3.0 
- 6 0 0 1.0 1. 5 2.0 3.0 
- 7 0. 5 1.0 1. 5 1. 5 2.0 3.0 
- 8 1.0 2.0 2. 5 3.0 3.0 3.0 
- 9 0. 5 2.0 2.0 2. 5 2. 5 2. 5 
-10 1. 5 2.0 2.0 2. 5 3.0 3.0 
-11 1.0 2.0 2.0 2. 5 2. 5 2. 5 
-12 0 0 0. 5 0. 5 1.0 2. 5 
-13 0. 5 1. 5 2.0 2. 5 2. 5 3.0 
-14 1. 5 2.0 2.5 3.0 3.0 3.0 
-15 1.0 1. 5 1. 5 2.0 2.0 2. 5 
-16 0 1.0 1. 5 2.0 2. 5 2. 5 
-17 0 0. 5 1.0 1.0 1.0 2.0 2. 5 2. 5 3. 5 
-18 0. 5 0. 5 1. 5 1. 5 2.0 2. 5 3.0 3.0 4.0 

% L X P2: cement factor = 6.0? bags per cu yd; slijmp = 3 i n . j water/cement rat io = 0.52j 
a i r content = 2,2 percent; curing procedure 1 (lit days moist plus Ih days dry) . 
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Figure 9. Scaling tes ts , air-entrained concrete; mix P3; a i r content, $.9 percent. 
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TABLE 6 
SCALING TESTS - MIX DETAILS AND RESULTS FOR P3^ 

Scale Rating at 
No. 5 15 25 50 75 100 125 150 175 No. 

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycle 

P3- 1 1. 5 2.0 2. 5 2.5 2.5 2.5 2. 5 2. 5 2.5 
- 2 0 0 0 0 0 0 0 0 0 
- 3 0 0. 5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
- 4 0 0 0 2.0 2.0 2.0 
- 5 0 0 1. 5 2. 5 2. 5 3.0 3.0 3.0 3.0 
- 6 0 0 1.0 2.0 2.5 3.0 3.0 3.0 3.0 
- 7 0 0 1. 5 2.0 2.5 2. 5 2. 5 2. 5 2.5 
- 8 2.0 2. 5 2. 5 2.5 2. 5 2.5 
- 9 0. 5 2.0 2.0 2.0 2.0 2.0 
-10 0.5 2. 5 2. 5 2.5 2. 5 2.5 
-11 0. 5 2. 5 2. 5 2. 5 2. 5 2.5 
-12 0 0.5 0. 5 2.0 2.0 2.0 
-13 0.5 2.0 2.0 2. 5 2. 5 2. 5 
-14 1. 5 2.0 2. 5 2. 5 2. 5 2.5 
-15 1. 5 1. 5 1.5 1. 5 2.0 2.0 
-17 0 2.0 2.0 2.0 2.0 2.0 
-17 0. 5 1.0 1. 5 2. 5 3.0 3. 5 3. 5 4. 5 4.5 
-18 1.0 1. 5 2.0 2. 5 3.0 3.5 3.5 4.0 4.5 
-19 0. 5 1.0 1. 5 2.0 3.0 3. 5 3. 5 4.0 4.5 

^ i x P3: cement factor = 6.02 bags per cu yd; slump = 3 i n . ; water/cement rat io = 0.U8; 
a i r content =5.9 percent; curing procedure 1 (lit days moist plus ll* days dry) . 

TABLE 7 
SCALING TESTS-MIX DETAILS AND RESULTS FOR P4* 

Scale Rating at 
No. 5 15 25 50 75 100 125 150 175 No. 

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycle 

P4- 1 0. 5 1.0 1.0 1. 5 1. 5 2.0 2.0 2.0 2.0 
- 2 0 0 0 0 0 0 0 0 0 
- 3 0 0 0 1.0 1.0 1.0 1.0 1.0 1.0 
- 4 0 0 0 1. 5 1. 5 1. 5 
- 5 0. 5 0. 5 1.0 1. 5 2.0 2.0 
- 6 0 0 0.5 1. 5 2.0 2. 5 
- 7 0 0 0. 5 1. 5 2.0 2.0 
- 8 0. 5 1.0 1. 5 2.0 2.0 2.0 
- 9 0 0. 5 2.0 2.0 2.0 2.0 
-10 1. 5 2.0 2.0 2.0 2.0 2.5 

,-11 0 2.0 2. 5 2. 5 2. 5 2.5 
-12 0 0 1.0 2.0 2.0 2.0 
-13 0. 5 1.0 • 1. 5 2.0 2. 5 2. 5 
-14 1.0 1.0 1. 5 2.0 2. 5 2.5 
-15 0. 5 0. 5 1.0 1. 5 2.0 2.5 
-16 0 1.0 1.0 1. 5 1.5 2.0 2.0 2.0 2.0 
-17 0 0. 5 1.0 1.0 2.0 2.5 2.5 3. 5 3.5 
-18 0.5 1.0 1.0 1. 5 2. 5 2.5 2. 5 4.0 4.0 
-19 0 0 0. 5 0. 5 0.5 1.0 1.0 2.0 2.0 

^Mix Phi cement factor = 5.92 bags per cu yd; slump = 3 i i n . ; water/cement rat io = 0.5l; 
air content =6.0 percent; curing procedure 1 ( lU days moist plus li* days dry) . 
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TABLE 8 
SCALING TESTS-MIX DETAILS AND RESULTS FOR P5^ 

Scale Rating at 
Slab 5 15 25 50 75 100 125 150 175 
No. Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

P5- 1 0. 5 1.0 1.0 1.0 1.0 1.0 1.0 1.5 1.5 
- 2 0 0 0 0 0 0 0 0 0 
- 3 0 0 0.5 0. 5 0.5 0.5 0.5 1.0 1.0 
- 4 0 0 0 0 0 0 0 0 0 
- 5 0 0.5 1.0 1.5 2.0 2.5 2.5 2.5 3,0 
- 6 0 0 0. 5 1.0 2.5 3.5 3.5 3.5 3.5 
- 7 0 0 0. 5 2.0 2.5 3.0 3.5 3.5 3.5 
- 8 1.0 2.0 2.0 2.0 2.0 2.0 
- 9 0 0,5 1. 5 1.5 1.5 1. 5 
-10 0.5 1.0 1.5 1.5 1.5 2.0 
-11 0.5 0.5 1.0 1.0 1.5 1.5 
-12 0 0 0 0 0 0 0 0.5 0,5 
-13 0 0. 5 1.0 1.5 2.0 2.0 
-14 0.5 1.5 2.0 2.0 2.5 2.5 
-15 0 1.0 1.5 1.5 1.5 2.0 
-16 0 0. 5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
-17 0 0 0. 5 3.0 3.5 4.0 4.0 4.0 4.5 
-18 0. 5 1.0 1. 5 2.0 3.0 4.0 4.0 4.0 4,5 

^mx ?$i cement factor = $.97 bags per cu yd; water/cement ra t io = 0.50; slump = > | i n . j 
a i r content = 5.8 percentj curing procedure 2 (3 days moist plus l l i days d r y ) . 

TABLiE 9 
SCALING TESTS - MIX DETAILS AND RESULTS FOR PG^ 

Scale Rating at 
SOLD 
No, 5 15 25 50 75 100 125 150 175 SOLD 
No, Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 

P6- 1 1.0 1,0 1.0 1,0 1.5 2,0 2.0 2,0 2,5 
- 2 0 0 0 0 0 0 0 0 0,5 
- 3 0 0 0 0 0 0,5 0. 5 0.5 1.0 
- 4 0 0 0 0 0 0 0 0 0 
- 5 0 0,5 1.5 1.5 2,0 2.5 
- 6 0 0 0,5 1,5 2.5 3.0 
- 7 0 0.5 0,5 1,0 2,0 3.0 
- 8 1,0 1,0 1.5 1.5 2.0 2.0 
- 9 0 0.5 1.0 1,0 1.5 2,0 
-10 0.5 1,5 2.0 2.0 2,0 2.0 
-11 0 1,0 1.0 1.0 1.5 2.0 
-12 0 0 0 0 0 0.5 0. 5 0.5 0,5 
-13 0 1.5 1. 5 1.5 2.0 2.0 
-14 0.5 1.0 1.0 1.0 1.5 2.0 
-15 0.5 1.0 1.0 1.0 2,0 3.0 
-16 0 0,5 1,5 1.5 2.0 2.0 
-17 0 0 0 0.5 2,0 4,0 4.0 4,0 5.0 
-18 0,5 0.5 1.0 1.0 3.5 4,5 4,5 4.5 5,0 

*Mix P6: cement factor = 6.00 bags per cu yd; slump = 2-7/8 i n . j water/cement rat io 
0.50j a i r content = 5.8 percent curing procedure 2 (3 days moist plus Ih days dry) . 
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After the allotted curing period and application of the surface coating, the specimens 
were tested in an automatic freeze-thaw machine giving 8 cycles of freezing and thaw-
mg per day, freezing was in air at 0 F and thawing was in water at 40 F. Before start-
mg the test the specimens were weighed in a dry condition, then placed in the freeze-
thaw machine during the thaw portion of a cycle, removed, and reweighed. At intervals 
durmg the testing, the beams were removed from the machine and tested for change 
in weight and relative dynamic modulus of elasticity, the latter value being based on 
an initial reading taken after subjecting the specimens to the preliminary thawing portion 
of a cycle. 

Details of the mixes are given in Table 10 together with the durability factors for 
each specimen. Change in weight and dynamic modulus of elasticity for some of the 
specimens is shown m Figures 10 to 15. Graphs showing the relative dynamic modulus 
of elasticity are only given for the non-air-entrained mixes because, for al l the air-
entrained mixes tested, the relative modulus at 300 cycles was greater than 95 
percent. 

X 125 
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Figure 10. Freeze-thaw tes t s , plain concrete; change i n weight, mixes P? and P8; 
cviring procedure 1. (lU days moist plus Ik days d i y ) . 
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TABLE 10 
FREEZE-THAW TESTS - MIX DETAILS AND DURABILITY FACTORS 

Property Mix 
P7 

Mix 
P8 

Mix 
P9 

Mix 
PIO 

Mix 
P l l 

Mix 
P12 

Mix details: 
Cement factor 

(bags/cu yd) 
Water/cement ratio 
Slump (in.) 
Air content (%) 
Curing procedure 

Durability factor*: 

5. 96 
0.57 

3% 
2.2 
1 

6.0 
0. 52 

3% 
2.5 
1 

5.95 
0.52 

6.0 
1 

278 

6. 03 
0. 49 

2% 
5.2 
1 

6.02 
0. 49 

3% 
5. 5 
2 

5.95 
0.52 

3% 
5.7 
2 

1 51.6 29.4 102.4 104. 5 111.0 111.5 
2 86.0 40.8 100.8 100.0 107.0 106. 5 
3 37.8 33.0 102.0 100.6 110". 0 106.0 
4 49.8 60.6 101.9 101.3 105. 5 108.0 
5 90. 5 - 100.4 99.0 107.0 104.0 
6 96.5 - 100. 5 99.6 106.0 103.0 
7 92.8 87.0 100.9 100.0 100.0 103.0 
8 54.6 57.0 102.0 102.0 104.0 106.0 
9 65.0 56.5 101.0 102.4 101.0 106.0 

10 39.0 32.4 102.9 103.3 106.0 109.5 
11 35.4 42.6 102.2 102.6 106. 5 110.0 
12 49.8 38.4 101.8 101.0 104.0 105. 5 
13 46.2 48.6 102.0 101.8 104.0 103.0 
14 48.6 34.2 103.4 104.3 109.0 111.0 
15 32.4 39.0 102.5 102.3 108.0 106. 5 
16 40.2 48.0 101.0 101.0 105.0 106.0 
17 32.4 18.0 101.9 102. 5 102.0 107.0 
18 37.2 17.4 101.0 100. 5 102. 5 105.5 
19 24.6 21.0 101.0 99.0 100.0 102. 5 
20 36.0 26.4 105.0 96.8 107.0 112.5 

d u r a b i l i t y factor = 

OBSERVATIONS AND CONCLUSIONS 
This is only an mterim report on work s t i l l in progress. It is presented at this time 

because of the importance to the highway engineer of arresting further deterioration of 
existing bridges and preventing any deterioration in the superstructures of new ones. 
Performance of the field t r ia l sections needs to be studied for some years; laboratory 
tests on the scaling resistance of concrete imder asphalt and on bond between the sur
face coatings and asphalt surfacings need to be completed, and new materials or new 
formulations of old materials wi l l require evaluation, before any final reports can be 
offered. The mvestigation has, however, reached the stage m the laboratory and field 
which allows some mitial conclusions to be drawn. 

There has been a tendency in the past to regard an asphalt surfacing as protecting 
a concrete deck from salt scahng and freeze-thaw damage. E}q)erience m Ontario has 
been to the contrary; an asphalt overlay traps a lot of salt on to the concrete surface. 
The salt solution penetrates under the asphalt at the curbs and seeps through voids and 
cracks in the overlay itself. This condition closely resembles the laboratory test pro
cedure where a salt solution is frozen and thawed on a concrete specimen subject to a 
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Figure 11. Freeze-thaw tes t s , plain concrete; re lat ive dynamic modulus of e la s t i c i ty ; 
mixes P7 and P8; curing procedure 1 (lit days moist plus ll* days dry ) . 

period of saturated curing immediately before test. Under these conditions, even the 
best air-entrained concrete wi l l eventually show some scahng. Therefore, the use of 
an effective surface coatmg to protect the concrete in a deck can be technically justified. 

The laboratory work certamly indicated that many commercial concrete coatings 
with a wide range in chemical composition imparted little or no extra durability or 
scalmg resistance to concrete. Materials No. 10 (synthetic resm), 11 (latex acryllic 
paint), 14 (magnesium fluosilicate), 15 (sodium silicate) had little or no effect. Although 
No. 8 (synthetic rubber) and 13 (polyester resin) gave poor scalmg resistance, they 
were slightly beneficial m the freeze-:thaw tests. Materials No. 9 (epoxy and chlori
nated rubber), 12 (pigmented epoxy), and 16 (chlorinated rubber) gave some benefit 
especially during early stages of test. However, No. 12 showed rather variable per
formance; in the scalmg tests it failed completely after a few cycles in some tests, but 
proved lasting in others. 

The remaining materials fe l l into three groups: epoxy resins, sibcones and linseed 
oil. Each of these materials has been used in the field as well as tested in the labora
tory. Therefore, some comparison can be made. 

Epoxy resins in the laboratory gave good scalmg resistance, in particular No. 2 
(polysulfide epoxy) showed excellent results. However, in the freeze-thaw tests, the 
same materials, although giving some improvement in durability, did not perform ex
ceptionally well. As discussed later, it appears that with al l "perfect" sealers, the 
"trapped" moisture in the concrete at the time of freezing is critical. Li the fieldtrials, 
epoxy resins have also not lived up to the promise of the laboratory scaling tests. Per
formance has been disappomting on e^osed concrete. 

Four factors should be considered in seeking the reason for this. First, once the 
epoxy f i lm had pmholed, some minor scaling proceeded behind the f i lm , (this also oc
curred on occasions in laboratory tests) loosening and lifting the coating as it went. 
Secondly, there is a great difference in the coefficient of thermal expansion between 
concrete and epoxy; that of the epoxy bemg approximately ten times that of concrete. 
The annual air temperature range at the test site is in the order of 100 F and concrete 
surface temperatures under the sun m summer may rise up to 40 F more than the air 
temperature. Indeed there was evidence of curlmg of the epoxy coating breaking bond 
within the concrete, in that small pieces of concrete were attached to flakes of the f i lm . 
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Filling the epoxy and the like can he^ reduce the coefficient of thermal expansion, but 
it wi l l s t i l l not match that of concrete. Third, the particular epoxy used in the main 
field t r ial had no flexible material built into the system that might have helped over
come the differences in expansion, (As noted, the epoxies containing polysulfide in the 
secondary trials did perform better, but these too are now showing some slight break
down.) Fourth, the epoxies were unfilled, unpigmented formulations, and thus much 
more susceptible to molecular breakdown under ultraviolet light. 

None of the field trials have included epoxy resins used, with grit to give nonskid 
characteristics, on traveled roadways. There is a growing body of references to their 
success. There is an occasional reference to failure (Dillon and Edwards (10)), usually 
due to inadequate imderstanding of the materials and how to use them. But considering 
this application not just from the viewpoint of importing skid resistance to a smooth 
pavement, but as a function of protection, the same general words of caution apply. The 
same influences that tend to downgrade epoxy resins for surface coatings exist with the 
added one that grit used to impart skid resistance must have a tendency under the im
pact and pressures of tires to puncture through the f i lm . Such pinhoUng might be the 
only path needed to let water and salt back into the concrete. 
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Figure 12. Freeze-thaw tes t s , air-entrained concretej mixes P9 and PIO; curing pro
cedure 1 (11* days moist plus l l i days dry) . 
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It might have been expected, however, that once the epoxy was itself protected f rom 
deterioration due to ultraviolet light, temperature change, etc., by being surfaced 
with asphalt, its performance might improve. In respect to at least one property (bond 
to the asphalt), this has unfortunately not proved to be so. 

The question and iiiq)ortance of securing bond under the asphalt is worth some dis
cussion. Although the normal asphalt overlay cannot be regarded as impermeable or 
crack free it would prevent much of the water and salt solution getting onto the deck 
slab if effectively bonded to the concrete. If the sealer or bonding agent used to attain 
this also forms an impervious waterproof membrane over the concrete so much the 
better. 

Laboratory tests in progress emphasize the difficulties in effectively bonding asphalt 
to concrete and in general support field observations. Briefly, asphalt has poor bond 
to untreated concrete or concrete sealed with fully cured epoxies, linseed oil , silicones. 
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Figure 13. Freeze-thaw tes t s , air-entrained concrete; mixes P l l and P12; curing pro
cedure 2 (3 days moist plus ll* days dry) . 



90 

etc. An emulsion tack coat gives some bond but not nearly enough; in this case the lack 
of bond appears to be between the tack coat and the asphalt. A layer of hot-poured rub
berized mastic asphalt is excellent, but is comparatively expensive. 

A method of bonding asphalt to concrete that has shown much promise in the laboratory 
is a two-coat epoxy system. The f i rs t layer well thmned down is applied to the concrete 
and allowed to harden; this forms a membrane preventing any salt damage to the con
crete. A second layer is applied immediately before laymg the asphalt course; this 
provides the bond. Unfortunately, in the field this is not practical because conventional 
asphalt-laying techniques would involve equipment rimning on the epoxy coating with 
the result of pickup, etc., if the epoxy were not hardened. This applies to al l conven
tional epoxy systems for this sort of application including both coal-tar or polysulfide 
formulations. 

Of two possible solutions investigated, the f i r s t was to sprinkle sand or grit in the 
surface of the epoxy before curing in the hope of providing a mechanical key. This did 
not apparently succeed in the field t r ia l on the Credit River Bridge. The second is to 
explore using epoxy systems that "harden" at air temperature but would only cure at 
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Figure Ik. Freeze-thaw tes t s , air-entrained concrete; mixes ?9 and PIO; curing pro
cedure 1 (lit days moist plus 11* days dry ) . 
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elevated temperature. Because a temperature in the region of 250 F is attained at the 
interface when hot asphalt is laid on concrete, such a system may be practical. Test
ing of this is, however, only just starting. 

Silicones m the laboratory freeze-thaw tests gave Improved durability and reduced 
water absorption (as indicated by change in weight). In the scaling tests, a silicone 
application retarded the early rate of scaling but gave little or no improvement after 
25 cycles, and possibly accelerated scaling after 50 cycles. Field performance has, 
however, shown that silicones, in fact, import no lastmg durability or scalmg resist
ance to inadequately air-entrained concrete especially as far as horizontal surfaces 
are concerned. 

Linseed oil treatments on plam concretes in three varying applications al l gave in 
the laboratory freeze-thaw tests lower durabilities than did the imtreated specimens. 
For both plain and air-entrained concretes, the water absorption (increase in weight) 
was almost as great as for untreated concrete. Linseed oil treatments on plain concrete 
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Figure 1$. Freeze-thaw tests, air-entrained concretej mixes P l l and P12j curing pro
cedure 2 (3 days moist plus Ik days dry). 
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gave a substantial improvement in scaling resistance especially during the early stages. 
While on air-entrained concrete, although giving some early improvement in many 
cases, it was definitely detrimental after more than 50 cycles. The available results 
indicate that the two-coat treatment (No. 19) retamed its effectiveness considerably 
longer. The field observations and trials have shown that linseed oil treatments are 
in practice effective. The conflict with the laboratory findings appears to lie in the na
ture of the test procedure being most severe and in the trapping of moisture within the 
specimens. 

It seems clear from the results of thefreeze-thaw tests that a low moisture content 
is of primary importance for improving durability and that under the conditions of test 
the silicones were most effective in producing this condition. It should be remembered 
that the cycle was a rapid freeze-thaw with the freezing occurring in air; this probably 
allowed water to evaporate readily from the silicone-treated surface. Other sealers 
that were intended to be completely waterproof (such as the epoxies or linseed oil) in 
fact allowed considerable over-all water absorption. This suggests that they not only 
were ineffective in completely excluding water from the concrete during thawing but 
also may have had the effect of preventing evaporation from the concrete during the 
freezing-in-air portion of the cycle. 

It may well be true that the moisture condition of the concrete is also critical in the 
scaling tests. Li these tests, the surface was kept continually saturated, but water was 
free to evaporate from the sides and bottom of the slab. Where the sealers kept the 
moisture condition of the concrete at a low level, the scaling was reduced to a minimum. 
It is more difficult to account for the detrimental effect of some sealers but it is pos
sible that they had the effect of locally increasing the moisture content of the concrete. 
Further, increased scaling has been observed in the laboratory where the specimens 
were cast and kept in watertight molds. 

The critical importance of ensuring a low moisture content in the "sealed" concrete 
leads to three observations about field practice. The first concerns the construction 
practice of using metal forms on the underside of bridge decks. Such forms if perma
nently left in place form the bottom of watertight mold. If the concrete in the deck 
within this mold is then "sealed" on top as well or if the seal is not quite perfect, a 
potentially dangerous condition exists. The concentration of water and salt might build 
up in the concrete, inasmuch as there is no route for evaporation or drainage imtil 
subsequent freezmg caused failure. The second concerns a similar potentially danger
ous condition. Experiments have been informally reported by Britton (11) which tend 
to show that a coatmg of expanded polyurethene foam applied underneath a bridge deck 
will insulate the concrete and thus prevent premature icing of the roadway. At the 
same time, this reduces the number of freeze-thaw cycles that the concrete would go 
through in a winter. However, by sealing in additional moisture due to presence of the 
waterproof coating of polyurethene, though there may be fewer freeze-thaw cycles, the 
damage they did might be greater. The third generalizes that to use any surface coat
ing that completely covers al l the surfaces of the concrete section being protected is 
potentially dangerous. At least one face must be left open to allow the concrete to breathe. 

GENERAL CONCLUSIONS 

There is a great need to investigate the intereffect of surface coating, moisture con
dition of the concrete, and durability further. It appears that a first step must be to 
develop better testing techniques, in particular to determine moisture conditions and 
migration in concrete. Bond between coatings and asphalt or concrete is another im
portant area for study. Long-term performance of some of the coatings themselves is 
not yet known. Indeed, it would appear that highway engineers should ask the chemist 
and physicist to take a further look at the nature of the problem and the required proper
ties of satisfactory surface coatings. Meanwhile, it would ^pear that the following are 
the most satisfactory at present: 

1. For exposed open concrete surfaces, two coats of 50:50 mixture linseed oil and 
kerosene. This appears to form a cheap and effective panacea to he^ new concrete over 
at least the first winter, though as the laboratory scaUng tests show, ultimate durability 
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may not be improved. Also in the laboratory, freeze-thaw tests have shown the danger 
attendant in sealing all open faces with linseed oil. Where used on structures some 
areas (e. g., those facing outwards from the roadway as well as the underside of decks) 
should be left untreated. Ji this is done, use on open exposed concrete may be safely 
recommended. 

For treating bridge decks that are to be asphalt surfaced, selection of a surface 
coating seems to lie between (a) hot rubberized mastic asphalts which appear effective 
but are expensive (considering the cost of the investment to be protected, they are 
cheap), or (b) bituminous emulsions either alone as a tack coat or reinforced with 
fiberglass cloth or the like to build up a membrane system. The order of preference 
for the alternatives seems to be hot mastic asphalt, bituminous emulsion membrane, 
tack coat. Any coating should be continuous over the whole deck from curb to curb 
and should be taken up the curb face to a point just above the level to which the asphalt 
surfaceis to be laid and be returned into a chase in the concrete. Meanwhile, a close 
look should also be taken at design and construction practices. No form of surface 
coating will completely overcome construction or design defects that either lead to 
water, especially salt water, being trapped on bridge decks or to inferior quality con
crete being placed or to inferior finishing of good concrete. 

Figure 17. Ponding of water on concrete 
deck due to inaccuracies in construction 

of f a l l s and crovms. 

Figure 16. Gutter drains bu i l t f lush with 
asphalt topping; no drainage provided for 

concrete surface. 

Adequate drainage must be provided to 
the concrete surface of an asphalt-sur
faced bridge. This should include pro
viding sufficient deck camber and crown, 
together with an adequate gutter drainage 
system, to get the water and salt solutions off the concrete. The type of gutter drain 
shown in Figure 16, though doing an excellent job in draining the asphalt, tends to trap 
moisture on the concrete. Small diameter drains set along the gutter, their tops dished 
slightly below concrete level, would provide drainage for the concrete. Such drains 
might also be used transversely across the bridge deck adjacent to metal upstands in 
the form of finger plates, expansion joint members, etc., which normally are finished 
flush with the asphalt. 

Rigid enforcement of specifications is required to ensure that the deck falls and 
cambers are accurately constructed, thus avoiding "ponding" of moisture adjacent to 
curbs, as shown in Figure 17. Sticking to the specifications should also ensure that 
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prolonged placing and finishing procedures that are likely to reduce the effectiveness 
of air entraining, particularly on exposed surfaces, are not tolerated. 

Specifications invariably call for air entrainment. Proper evaluation of the adequacy 
of air entrainment provided by different agents with the particular materials to be used 
in the concrete is a first step to ensuring that in practice the amount of entrained air 
measured in volume is in fact effective air entrainment. Once this is estabbshed, it 
is then a matter of field control to ensure that the air is, m fact, there. Frequent air 
checks (for example, every 100 ft along a pavement or on every load of ready-mixed 
concrete going into a structure) appear to be the only certain way of doing this. 

Surface coatmgs must never be regarded as a "cover all" which, even if the perfect 
one existed, which apparently, as yet, it does not, would allow one to become sloppy 
and neglectful of good practice in concrete construction. The pursuit of an effective 
surface coating does, however, appear to be a worthwhile project. It is a project that 
has confirmed the old adage that the answer to one problem usually only raises a new 
one. Many of these new problems are still only imder initial study, and it is hoped at 
a later date to present more certain findings than are given in this paper. 
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Discussion 
SAMUEL O. L I N Z E L L , Ontario Department of Highways — In the early days of 
World War n, about 1940 and 1941, the Maintenance Bureau of the Ohio Department 
of Highways had some rather interestmg experiences with one form of protective 
coatmg. At that time al l of the portland cement concrete pavements in Ohio were 
made of plam portland cement without any air-entraining admixtures. About a year 
or two before that, the practice of using rock salt as a de-icing agent was initiated in 
Ohio. It was found to be very successful m de-icing concrete pavement surfaces, but 
the resultant scaling of the concrete presented serious problems. The problem was 
so acute that it was almost decided to abandon the use of any de-icing agents and revert 
to the use of untreated abrasives. Untreated abrasives had proved so unsatisfactory 
when the temperatures were low that it was the decision of the maintenance engineers 
of Ohio to continue the use of chemicals and make an mtensive search for protective 
coatmgs that would prevent the deterioration of the exposed concrete. 

A clippmg from the Portland Cement Association told of the experience of some 
mamtenance engineers in the State of Minnesota. They had treated one or two icy 
mtersections with a mixture of 1 part linseed oil to 2 or 3 parts of turpentine applied 
to the pavement with an orchard spray. This light spray was applied, so they reported, 
at such a rate that the actual amount of linseed oil retained on the concrete surfaces 
amounted to only Vso gal per sq yd. It was decided to try this method; however, the or
chard spray method of application presented serious operational problems as millions 
of square yards of concrete pavement were involved rather than a critical intersection 
or two. It was concluded that if the linseed oil-turpentine mixture could be given bulk 
by the addition of a cheap adulterant, volume could be mcreased enough so that the 
ordinary bituminous pressure distributor could be used for application of a protective 
coating. This problem was referred to John Goshorn, the chemist in charge of the 
Bitummous Section of the Ohio Highway Testmg Laboratory. He suggested a mixture 
of'linseed oil, turpentme, water, and soap powder. 

Shortly thereafter, a similar mixture was emulsified in a tar kettle and found to be 
the right consistency for easy application to the concrete surfaces. It was next tried 
in a bituminous distributor. The required proportions of oil, turpentme, water, and 
ordinary soap powder were introduced mto the distributor, and by recirculating the 
components under pressure it was easy to emulsify this mixture and apply it to the 
pavement at a rate that produced an even coatmg of Vso gal per sq yd of linseed oil 
without run-off. The emulsion broke m about 15 to 20 mm and resulted m a very uni
form application of linseed oil. Subsequently it was found that kerosene worked just 
as well as turpentine and was much cheaper. The turpentme or kerosene thinned the 
Imseed oil so that it penetrated any of the microscopic pores in the concrete surface. 

That summer five 1-mi sections of plain reinforced concrete were treated. The 
foUowmg winter, maintenance superintendents were instructed to apply salt liberally 
on these test sections whenever there was any sign of icing conditions. The next sum
mer it was observed that on all of these test sections only one small scaled area about 
24 in. m diameter had occurred. This test produced such remarkable results that it 
was decided to buy several railroad tank cars of linseed oil and treat practically al l of 
the plain portland cement concrete pavements that were three years old or less. Bids 
were received and orders were to be placed withm a few days when a telegram was re
ceived from the Admmistrator of the War Foods Administration requestmg that "edible 
oils" not be used for highway purposes. A call was put through to the Administrator in 
Washington and an attempt made to explain to him the seriousness of the problem and 
the need for the linseed oil. He informed us that linseed oil was being shipped to 
Russia in large quantities for food purposes and msisted that he could not permit the 
purchase of it for highway purposes. Obviously, the program had to be dropped. 

For several years thereafter the five 1-mi treated sections were observed and no 
noticeable scaling developed until after two or three winters. Two or three years later, 
the use of air-entrained cement became standard practice for both pavement and struc
tural concrete in Ohio. 

Perhaps more thought should be given to the old home remedies like linseed oil and 
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kerosene without neglecting the study of the glamorous polysyllabic concoctions that are 
being promoted by various chemical concerns. Perhaps the old home remedies might 
be investigated in a more scientific manner and further discoveries made. 




