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This investigation was conducted to evaluate the relative ability 
of a number of materials to protect portland cement concrete 
from the effects of deicing salts. The complexity of such an 
investigation was recognized from the beginning, and it was 
decided that only a carefully designed statistical experiment 
would be capable of separating the effect of the sealers from 
variation due to other causes. 

•THE DESIGN of this experiment was approached with the knowledge that many factors 
influence the durability of concrete slabs other than the type of sealer used. Some of 
the factors considered were the quality and variability of (a) the aggregate used in the 
cement concrete, (b) the cement used, and (c) the deicing salts. Other factors included 
variation in (a) the severity of exposure among the concrete slabs during freeze-thaw 
cycles, (b) the application of the coating to the surfaces of the slabs, (c) the manufacture 
of the cement concrete within a batch, (d) the manufacture of the cement concrete be
tween batches, (e) the finishing of the concrete slaos during manufacture, (f) the air
entrainment among slabs within a batch of concrete, (g) the surface of the slab due to 
different curing conditions, and (h) the rating of the condition of the slabs from rater 
to rater. 

The approach which would give the most complete understanding of the resistance 
of the cement concrete slabs to deicing salts while covered with different sealers would 
be one in which all of these factors were varied at several different levels. The cost 
of such a program would be tremendous because many thousands of specimens would be 
required. Therefore, it was decided that the only variables investigated would be the 
effects of different sealers, different levels of air-entrainment, different raters, and 
the type of deicing salt. 

The plan was to make slabs of good grade pavement concrete at three different levels 
of air-entrainment, curing them under controlled conditions, coating them with the 
various sealers, and subjecting them to up to one hundred 24-hr freeze-thaw cycles 
while covered with 4 percent solutions of rock salt (sodium chloride) and calcium chlo
ride. Details of the manufacture, curing and treating, freeze-thaw cycling, and rating 
of the specimens are included in Appendixes A through D. 

The effort to control each of the foregoing factors was made as follows. 

1. Quality of the aggregate was controlled by selecting an aggregate with a history 
of good performance in cement concrete pavements. This was determined by a survey 
of interested agencies in the Pittsburgh area, including local Pennsylvania Department 
of Highways personnel and local ready-mix concrete suppliers. The variability of the 
aggregate was controlled by buying one load of gravel and one load of sand from the 
selected source. This aggregate was carefully graded and conditioned (Appendix A). 

2. Quality and variability of cement were controlled by selecting a freshly blended 
batch of cement and by analyzing it to check its compliance with ASTM Specification, 
Type I (Appendix A). 
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3. Quality and variability of the deicing chemicals were controlled by careful selec
tion of these materials with the aid of recognized authorities in the field of highway 
deicer technology. 

4. Variation in the severity of exposure among the concrete slabs during the freeze
thaw cycles was controlled by random placement of the slabs and by freezing the slabs 
in a large freezing plant capable of cooling all slabs at substantially the same rate. 

5. Variation in coating was controlled on all but the first batch by covering the slab 
with the desired amount of sealer ci.nd then brushing the entire surface vigorously to 
insure that the whole surface was evenly coated Tb- first batch_ had the sealer applied 
in two coats (the usual fi ld praclice), but there was so little sealer applied with each 
coat that it was difficult to be sur e that it was evenly applied. Therefore, after the first 
batch, the sealers were applied in one coat to reduce variability in coating. 

6. Variation in the manufacture of the cement concrete within a batch was controlled 
by carefully following the prescribed procedure for combining and mixing h ingredi
ents in a batch. A second precaution was to have the actual manufacture carried out 
by a Iirm of cement concrete specialists. 

7. Variation in the manufacture between batches was controlled by carefully weighing 
and combining ingredients and by exa t adherence to the prescribed procedure of manu
facture. Again, variation was reduced by having specialists carry out the production 
of the concrete slabs. 

8. Variation in the finishing of the slabs was reduced by setting up a precise pro
cedure and by having one experienced man do all of the finishing. 

9. Variation in air-entrainment within a batch was controlled by the same procedures 
:is wcr other within-batch vadaLions previousiy described. However, in drawing up 
the procedure for manufacturing the slabs, special attention was given to eliminating 
any unnec8Ssary manipulation to reduce variation in the air-entrainment. This was 
especially true of the finishing ope1•ation. 

10. Variation in the snrfa f the slab due tc differe!'!t curh:g conditions was con-
trolled by curing the specimens in a fog room where the correct conditions were main
tained uniformly for every specimen. 

Figure l. Rating of concrete slabs. 
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TABLE 1 

DESIGN OF CONCRETE SEALER EVALUATION INVESTIGATION 

Fog-Room Cured 

Rock Salt Calcium Chloride, 

4'; 5<; Non-
Non- Air-Entrained 

Air-Entrained Air-Entrained Air-Entrained 

7,3,8,5 2,7 ,10,10 7 ,3 8,7 
3,9,4,6 10,3 ,6,9 9,7 5,2 
2,5,1,7 6,2,2,2 5,9 3,5 
4,2,10,10 9,1,9,8 6,6 7 ,8 
6,10,6,1 5,4,3,1 2,5 4,10 

10,6,2,2 7 ,9,8,3 8,8 10, 1 
9,1,7 ,8 8,8,5,4 10, 1 6,4 
8,8,5,3 4,10,7,6 3,4 1,9 
1,7 ,9,4 3 ,5,4,5 1,10 9,3 
5,4,3,9 1,6, 1,7 4,2 2,6 

12,4,8,2 1,9,10,5 3,7 6,11 

3 

Membrane Cured 

Rock Salt, 
Non-

Air-Entrained 

1,2 
7,5 
3,6 
5,7 
2,4 
4,3 
9,8 

10, 1 
8,10 
6,9 

14,13 

11. Variation in rating between raters was controlled through study and discussion 
of a photograph of slabs with different ratings (Fig. 1). The experiment was designed 
so that the effect of any differences between raters could be evaluated and removed 
from the analysis of the experiment mathematically. 

There are many other sources of variation besides the foregoing major factors, and 
it was hoped that the remaining ones were small or chance causes. The variation due 
to the many small sources was controlled by carefully randomizing both the order in 
which the batches were made and the order in which the treatments were assigned to 
the slabs. This was done to reduce the probability of any effect due to chance or other 
factors appearing to be due to the effect of one of the variables of the experiment, 
i.e., the effect of different sealers, different levels of air-entrainment, different raters, 
or the type of deicing salt. 

The general plan of the experimental design is given in Table 1. Two types of curing 
conditions (fog room and membrane curing), two types of chemical deicer (rock salt 
and calcium chloride), three levels of air-entrainment (non-air-entrained, 4% and 6% ), 
and ten treatments or coatings were included in the experiment. Only five of the ten 
different treatments are reported here, as several of them represent such small varia
tions in results as to be of little interest. 

Numbers in the second through fifth columns represent the random order of making 
the specimens associated with each treatment. The second column indicates that treat
ment 9 was used to coat the first specimen made, and treatment 3 was used for the 
second specimen. The importance of randomization of the order of experimental units 
or specimens is often overlooked, but failure to randomize an experiment increases 
the likelihood of drawing false conclusions about the results. For example, suppose 
specimens had decreasing resistance to freeze-thaw cycles as time between mixing 
the batch and finishing the specimen increased. Then if the same treatment, for ex
ample treatment 1, were always put on the first specimen finished, it might be concluded 
that this treatment was superior, when the evidence showed only that the first specimen 
finished was the most resistant to the effects of freeze-thaw cycling in the presence of 
deicing salts. Randomization, or the absence of any system or pattern in variation, 
effectively insures that in the long run errors due to systematic disturbances, known 
or unknown, will be avoided. The last row of numbers gives the random order of 
making the batches. 

The plan required 14 batches and 140 specimens. There were 2 specimens with 
black treatment, 7 with clear treatments, and 1 specimen with no treatment in each 
batch. All treatments were applied once in each batch. This enabled us to eliminate 
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any batch-to-batch variation mathematically. It was necessary to have two black 
treatments in each batch so that the raters would not know which treatment they were 
rating. With only one black treatment the raters would have known which treatment 
they were rating, which might have resulted in some bias. By blind-coding and making 
it impossible for them to distinguish between the treatments, the chance of bias was 
decreased. Linseed oil was included in the experiment as a standard because it was 
the most widely used concrete sealer at the time the experiment started. 

Each of the specimens in the experiment was rated independently by three different 
raters, at 5, 10, 15, 25, 50, 75, and 100 cycles. In the rating scale (Fig. 1) 0 represents 
no scaling and 5, severe scaling. 

The main part of the experiment, representing 120 specimens, includes non-entrained 
air, 4 and 6 percent entrained air ( all with rock salt), and calcium chloride on slabs 
with non-entrained air. The other 20 specimens were membrane cured, and the treat
ment or coating was applied immediately after the shine of free water had disappeared 
from the surface. They then remained in the molds to cure for 14 days, after which 
they were removed from the molds and cured in air for 14 more days. From this point 
on they were treated like the specimens in the rest of the experiment. 

The 20 specimens which were freeze-thawed with a 4 percent calcium chloride solu
tion on them were included to determine if there was any unusual effect of calcium 
chloride solution on any of the coatings. 

The other 100 specimens were fog-room cured and freeze-thawed with rock salt 
solution on them. There were 40 non-air-entrained specimens or four replications 
with each treatment, 40 specimens with 4 percent air-entrained or four replications 
of each treatment, and 20 specimens with G percent air-enl.rained or two replications 
of each treatment. The higher replications were used under conditions which were 
expected to yield the most information. The 6 percent air-entrained specimens were 
included in the experiment to check on any possibly adverse interactions between the 
coatings and higher air-entrainment, although this appeared unlikely. 

ANALYSIS OF TEST RESULTS 

The test results from the main part of the experiment are summarized in Tables 2 
through 5. Table 2 gives the averaged surface condition ratings for non-air-entrained, 
rock salt, fog-room cured specimens at 5, 10, 15, 25, 50, 75, and 100 cycles. Tables 3 
and 4 give the averaged surface condition ratings for 4 and 6 percent air-entrai.ned, 
rock salt, fog-room cured specimens at 5, 10, 15, 25, 50, 75, and 100 cycles. Table 5 
gives the averaged surface condition ratings for the three levels of air-entrainment at 
100 cycles. Each table also includes the sums of all ratings, which gives an idea of 
the total effect of the freeze-thaw cycles on the specimens. Some specimens have 

TABLE 2 

AVERAGED SURFACE CONDITION RATINGS 
FOR NON-AIR- ENTRAINED, ROCK SALT, 

Vr\r"' nr'IAll If ro 1 r-r.T\'I,,, ('I T"IT.1r".T .. ,,. ....... T,.,a 
.J.. '-"'U - J.l.VVHl V V.1\ • .C..LJ 1:>.1:"~\..-.1!\l.l.C..l~O 

Nu. 
Treatrn ients 

Total Rating 
of Cycle s RCS Clear Linseed Black No Treatment 

5 0.08 0.92 0.17 0. 50 1. 42 37 
10 0. 00 0.92 0.42 0.50 1. 92 45 
15 0.00 1. 25 0. 83 1.08 2.75 71 
25 0. 42 1. 33 1. 00 1. 33 3. 58 92 
50 1. 00 3. 25 3.67 2.67 4. 18 176 
75 1.17 3. 67 4.67 3. 00 4.85 208.4 

100 1. 58 3. 94 5.15 3.45 5.33 233.4 

0
Each valu e represents the average of one 1ating by each of three different 1o te1S on four 

different specimens, or an overage of 12 ratings. 



TABLE 3 

AVERAGED SURFACE CONDITION RATINGS 
FOR 4 PERCENT AIR-ENTRAINED, ROCK SALT, 

FOG-ROOM CURED SPECIMENS:! 

No. 
Treatments 

of Cycles 
Total Rating 

RCS Clear Linseed Black No Treatment 

5 0.00 0.67 0. 25 0.50 1. 42 34 
10 0.00 0.83 o. 75 0.83 1. 42 46 
15 0.00 0. 75 0.83 0.92 1. 59 49 
25 0.08 0.83 0.92 0.92 1. 83 55 
50 0. 25 0.83 1. 42 1.00 2.00 66 
75 0.50 0.92 1.92 1. 25 1.83 78 

100 0.50 1.16 2.50 1. 50 2.00 92 

aEach value represents the average of one rating by each of three different raters on four 
different specimens, or an average of 12 ratings. 

TABLE 4 

AVERAGED SURFACE CONDITION RATINGS 
FOR 6 PERCENT AIR-ENTRAINED, ROCK SALT, 

FOG-ROOM CURED SPECIMENS;\ 

No. Treatments 

of Cycles 
Total Rating 

RCS Clear Linseed Black No Treatment 

5 0.33 0.33 0.00 0.33 1.33 14 
10 0.00 0.67 0.33 0.50 1.33 17 
15 0.17 0.67 0.33 0. 50 1.33 20 
25 0.67 1. 00 1.00 0.83 1.67 31 
50 0.50 1. 50 1. 83 0.67 2.17 40 
75 0.50 1. 50 1. 83 0.83 1.67 38 

100 0.33 0.83 2.17 1.00 1.67 36 

0 Each value represents the average of one rating by each of three different raters on two 
different specimens, or the overage of six ratings. 

TABLE 5 

AVERAGED SURFACE CONDITION RATINGS 
FOR NON-AIR-ENTRAINED, 4 PERCENT AIR-ENTRAINED, AND 
6 PERCENT AIR-ENTRAINED, OOCK SALT, FOG-ROOM CURED 

SPECIMENS A'l' 100 CVCLESa 

Entrained 
Treatments 

Air 
Total Rating 

RCS Clear Linseed Black No Treatment 

Non 1. 58 3.94 5.15 3.45 5.33 233.4 
4 ·,; 0.50 1. 16 2.50 1. 50 2.00 92 
6 0.33 0.83 2.17 1. 00 1. 67 72b 

0
Each value represents the average of one rating by each of three raters on each specimen . 

In the case of non-air-entrainment and 4 percent air-entrainment there were Four speci

mens or a total of 12 ratings averaged in each value1 and in the case of the 6 percent air-

b entrainment !here were two specimcni. or a total of six ratings averaged in each value. 

The totaled 1oting for 6 percen! oir-entrainment was doubled to give a value which was 
comparable to the totaled ratings for non-air-entrainment and 4 percent cir-entrainment 
in which the totaled ratings 01·e for twice as many specimens as in the case of 6 percent 

ai1-entrai nment. 

5 
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averaged ratings in excess of 5, the top value in the rating scale used. This was be
cause after 50 cycles there were a few specimens which all three raters rated 5. If 
these were merely rated 5 at the 75 and 100 cycle level, our analysis would not dif
ferentiate between those specimens which reached the level of 5 at 50 cycles and those 
which barely reached it at 100 cycles. Therefore, it was considered desirable to 
develop a relationship which would properly rate those specimens which reached a rating 
of 5 earlier than 100 cycles. The following equation was developed: 

Rating at 100 cycles = 5 x log lOO cycl<ils 

( 

cycle at which ) 
log specimen reached 

a rating of 5 

The rating at 100 cycles was obtained by using this equation, and this accounts for the 
values over 5 at the 100 cycle level. 

In lhe tables, RCS stands for regular (tar-based) concrete sealer. Clear stands for 
clear (resin-based) concrete sealer. Lins ed stands for a 50-50 blend of boiled linseed 
oil and mineral spirits. The linseed oil was selected after consultation with experts 
and was included as a reference standard. Black stands for a black sealer of an entirely 
different type from RCS. The second black sealer was included, as previously ex
plained, to reduce any possible tendency for bias which might have occurred with only 
one black sealer. Surface condition ratings are based on a scale of 0 to 5, as previously 
mentioned (Appendix D, Fig. 1). 

In Tables 2, 3, and especially 4, the rated values do not aiways increase smoothly. 
Sometimes there is a reduction in rating at a higher number of cycles. This evident 
variation shows the effect of the chance or residual variation. This variation makes 
it important to analyze such experiments by statistical methods. The greatest variation 
is in Table 4 where each value is the average of only six ratings. An important sta
tistical principle is that variation is reduced as the number of values averaged is in
creased. The values in Tables 2 and 3 are the average of 12 ratings and show less 
variation. 

The treatments were applied as described in Appendix B. Although it is usually 
recommended that concrete sealers be applied in two coats for field applications, it 
was found in early trials of this experiment that better coating of the specimens was 
obtained if the treatment was applied in one application, then thoroughly brushed over 
the entire surface to obtain good wetting and coverage. 

An analysis of variance was made of the data from the 80 specimens which were fog
room cured, covered with a 4 percent rock salt solution with no air-entrainment and 
with 4 percent air-entrainment at 100 freeze-thaw cycles. These are the 80 specimens 
indicated in Table 1. Table 6 gives the result of this analysis. 

The analysis of variance is a method for separating the variation of the experimental 
results ur variance. In Table 6 the variation was separated into the following cate
gories: that due to air-entrainment (indicated as air), that indicated as treatment, 
that due to raters, that due to the interaction between raters and treatments (Rx T), 
that due to the interaction between raters and air-entrainment (Rx A). that due to the 
interaction between air-entrainment and treatments (Ax T ), that due to the interaction 
between raters, air-entrainment and treatments (Rx Ax T), and that due to residual or 
all other causes. The Pesidual variation ideally represents the variation due to chance 
or many small factors. The significance of the various sources of variation is deter
mined through the variance ratios. Significance here means that the estimated prob
ability of one of the sources of variation being due to chance causes alone is less than 
some predetermined probability level. In this paper, as is most frequently the case, 
this level is 5 percent. 

In every experiment, there are small uncontrolled sources of variation often termed 
chance causes. One of the major problems in interpreting experiments is determining 
whether an effect such as a shift from non-air-entrainment to 4 percent air-entrainment 
is a real difference or merely a chance variation. The analysis of variance technique 
not only separates the sources of variation, but also makes it possible to test the 



TABLE 6 

ANALYSIS OF VARIANCE-FOG-ROOM CURED, ROCK SALT, 
NON- AND 4 PERCENT AIR-ENTRAINED SPEC™ENS 

AT 100 FREEZE-THAW CYCLES 

Source of Deg. of Sum of Mean Variance 
Variance Freedom Squares Squa r e s Ratio 

Between air 2-1 1 211. 68 211.68 263. 94a 
Between treatments 10-1 9 146. 22 16. 25 20.26b 
Between raters 3-1 2 7.14 3.57 4.45 
R XT 9 ;: 2 18 6.87 0.38 0.47 
R -' A 2 x 1 " 2 1.39 0. 70 0.87 
AxT 1 X9 9 37.90 4.21 5. 25C 
R ;.: A :< T 2 x l x 9 l8 4. 02 0. 22 0.274 
Residual 2 x 10 " 3 -' 3 180 144. 42 0.802 

Total 239 559. 64 

~Significant at the 5 perce nt probability level. 
Significant at the 0.1 pe rcent probobi Ii ty level. 

cSignificant at the l perce nt probability level. 

significance of these effects against the residual or chance variation underlying the 
experiment. 

The analysis of variance in Table 6 is based on a fixed-effect, qualitative model. 
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The variation between raters and the interactions of R x T, Rx A, and Rx Ax T are small 
enough, when compared to the residual or chance variation, that they could reasonably 
be said to be due to chance causes. But there is less than one chance in 20 of the 
variation between levels of air-entrainment being due to chance, or the difference in 
air-entrainment is said to be significant at the 5 percent probability level. Likewise, 
there is less than one chance in 1000 that we would have the differences between treat
ments indicated in Table 6 through chance alone. There is less than one chance in 
100 that an effect would occur as large as that shown for the interaction of air-entrain
ment aqd treatment through chance alone. Therefore, these three sources of variation 
are considered to exist. The interaction of air-entrainment and treatments causes 
a separate effect in addition to the sum of these two effects. 

Having an estimate of the residual or chance variations under the conditions of fog
room cure, rock salt solution, 100 cycles at non-air-entrainment and 4 percent air
entrainment, let us examine Tables 2 and 3 using this estimate. Noting the mean 
square value of 0.802 for the residual with 180 deg of freedom, we will take the square 
root of this value to obtain a standard error of 0. 89 5. The mean for the rating of each 
treatment at the 100-cycle level in Tables 2 and 3 then has a standard error of 0.895/ 
112 = 0. 259 because each of these values is the mean of 12 ratings. This gives 95 per
cent confidence limits of ± 1. 96 x 0. 259 = ± 0. 507, where the value 1. 96 was obtained 
from a table of the t distribution for the 9 5 percent probability level and 179 degrees 
of freedom. Thus, Table 2 indicates that the regular concrete sealer gave the best 
resistance to the effects of 100 freeze-thaw cycles on the non-entrained air specimens 
while covered with a rock salt solution. The other black sealer was second best and 
the clear sealer was next in effectiveness. Although there may be some question as 
to whether black sealer was significantly better than clear sealer, there was no signifi
cant difference between no treatment and the linseed oil at the 100 cycle level. 

Linseed oil gave good protection up through 25 cycles. It is frequently recommended 
that linseed oil applications be renewed yearly or at least every two years. Further
more, the freeze-thaw cycles used in this report are of a very severe nature where 
the specimens are completely covered by the solution at all times. It is estimated 
that deterioration is several times faster than it would be where the slab is allowed 
to dry during the freeze-thaw cycle. 

In Table 3 with 4 percent air-entrainment and at the 100-cycle level, it can be stated 
with considerable confidence that the regular concrete sealer performed best, with 
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some question as to whether the clear concrete sealer was significantly better than 
the black sealer. But again, with considerable confidence, it can be stated that the 
black sealer was better than no treatment and there was considerable evidence to 
support the idea that at the end of 100 cycles with 4 percent air-entrainment no treat
ment was better than the linseed oil treatment. 

In the section of the experiment in which there were 20 specimens with 6 percent 
air-entrainment (Table 4) there was no apparent adverse effect on the ability of the 
sealers to protect the concrete under a condition of high air-entrainment, with the ex
ception of linseed oil which had the highest rating after 100 freeze-thaw cycles. 

The 20 specimens on which a 4 percent calcium chloride solution was used during 
the freeze-thaw cycles were considerably less affected by this deicer than were the 
specimens on which the rock salt solution was used. The averaged ratings at the end 
of 100 freeze-thaw cycles on the specimens covered with calcium chloride solution 
were as follows: RCS, 0.83; clear, 1.17; linseed, 3. 56; black, 1. 50; and no treatment, 2. 34. 

Most of the membrane cured speeimens, on which sealers were applied to the fresh 
concrete, failed quite rapidly. All reached a rating of 5 in 40 cycles except for three 
specimens. Two of these specimens were coated with RCS and had a rating of less 
than 1 after 100 cycles of exposure. The other specimen was coated with one of the 
unreported sealers. In this case, there was one good specimen which was rated 1 after 
100 cycles, and one bad specimen which reached a rating of 5 in 40 cycles. 

CONCRETE SEALERS-FIELD APPLICATIONS 

Regular concrete 8ealer (tar-based) and clear concrete sealer (resin-based) have 
been used experimentally by a large number of state highway departments and toll road 
authorities. These sealers have been marketed commercially in New York, Connecticut, 
Pennsylvania, Ohio, Massachusetts, Michigan, Iowa, and the District of Columbia. 
Regular (tar-based) concrete sealer has been used commercially since 1957. Clear 
(resin-based) concrete sealer has been used commercially since 1964. 

These sealers have been used primarily to protect new portland cement concrete. 
However, they have also been employed to treat spalled portland cement concrete (and 
sometimes new PC pavement) before overlaying with hot plant mix or bituminous sur
face treatment. In general, these applications have been confined to bridge decks and 
bridge approaches. However, in several locations concrete sealer has been used to 
treat long stretches of new PC pavement before opening the completed projects to 
traffic. Some of these stretches have been as short as 2 miles and some as long as 
15 miles. 

On many of the earlier treatment projects, the bridge deck alone was treated, leaving 
the curbing, wheel guards and parapet walls unprotected. Experience indicated that 
these unprotected areas were attacked by the deicing chemicals applied to the bridge 
decks. In some cases damage occurred on top of the parapet wall, where apparently 
treated al.J.ra8i veti landed after being displaced by traffic. In no case where the regular 
(tar-based) concrete sealer was used was there any damage within 5 years after treat
ment. In some locations no damage occurred after 9 years. 

Although the black color of the regular concrete sealer was objectionable to many 
for aesthetic reasons, some engineers began to prefer it because it tended to give the 
treated surface a uniform color or cast. In most cases, after a year or two under 
traffic the treated roadway did not (in the traffic lanes) appear much darker than 
untreated adjacent sections. Although variation in the finished concrete surface caused 
some areas to dry faster than others after treatment, the treated areas appeared quite 
uniform when finally dry. 

On the other hand, application of the clear (resin-based) concrete sealer tends to 
accentuate any difference in surface density, porosity, or finish because the resin 
solution drys to a varnish-like surface, and "hot spots" or surface blemishes become 
more noticeable after treatment. However, after a few months, such differences are 
not readily noticeable. 

In general, both concrete sealers are applied in the same manner, except that usually 
surfaces require or can absorb a greater amount of the regular (tar-based) concrete 



sealer. Before application, test areas are treated, beginning with an application rate 
of 0. 05 gal/ sq yd. The application rate selected is usually that amount which will be 
absorbed into the PC concrete surface within 3 lu·-usually somewhere between 0. 05 
and 0. 15 gal/ sq yd for the regular concrete sealer and 0. 03 to 0. 08 gal/ sq yd for the 
clear concrete sealer. 

Although experience indicates that the regular (tar-based) concrete sealer affords 
effective protection for at least 5 years, it is expected that the clear (resin-based) 
concrete sealer may afford adequate protection for a 2 or 3-yr period before another 
application is needed. 

CONCLUSIONS 

Laboratory Evaluation 

9 

In the laboratory experiment reported in this paper the following conclusions appear 
warranted. 

1. There was a significant difference in the ability of different sealers to protect 
portland cement concrete from deicing salts during 100 freeze-thaw cycles. 

2. The increased ability to protect cement concrete from the effect of deicing salts 
of the combination of air-entrainment with sealer treatments was greater than the sum 
of their individual effects, except in the case of the linseed oil blend. 

3. An increase in air-entrainment increases the protection of cement concrete from 
the effects of deicing salts. 

4. The concrete sealers were put into the following order of efficacy by the experi
ment for 100 freeze-thaw cycles and non-entrained air specimens: regular concrete 
sealer, black concrete sealer, clear concrete sealer, linseed oil sealer, and no treatment. 
Up to 25 cycles the linseed oil sealer was second on the list, following regular con
crete sealer in providing effective protection. 

5. The concrete sealers were put into the following order of efficacy by the experi
ment for 100 freeze-thaw cycles and 4 percent air-entrainment: regular concrete 
sealer, clear concrete sealer, black concrete sealer, no treatment, and linseed oil 
sealer. It would appear that the ability of linseed oil sealer to protect concrete is 
adversely affected by higher levels of air-entrainment, whereas the other sealers are 
helped. 

6. Although it is more difficult to draw definite conclusions from field installations 
due to the great number of variables involved, a study of the field installations indicates 
that both regular and clear concrete sealers have given good protection on PC concrete 
roads and structures over a period of years. 

Appendix A 

MANUFACTURE OF SPECIMENS 

A sound, durable aggregate with a history of good performance in cement concrete 
pavement construction was selected and graded as indicated in Table 7. Aggregates 
were air dried and screened into six sizes for the sand and three sizes for the gravel. 
They were recombined during batching to yield the gradings given in Table 7. 

The cement used in these tests met the requirements for ASTM, type I cem nt 
(Table 2). Aggregates were weighed in the air-dried condition (moisture content known) 
and, 18 to 20 hr before use, inundated with a known amount of water. Before mixing, 
excess water was drawn off and weighed to permit calculating the net water-cement 
ratios (Table 8 ). 

Neutralized Vinsol resin solution was added at the mixer in the proper amounts to 
bring the air-entrainment to 4 ±: 0. 5 and 6 ± 0. 5 percent. 

The cement content of the concrete was held at not less than 6 bags of cement per 
cubic yard and the slump was held between 2 and 3 in. The water cement ratio was 
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Aggregate 
Type 

Gravel 

Sand 

Chemical 

Si02 
AhOs 
FeaOs 
MgO 
SOs 
Ignition loss 
Insolubles 
CsS 
C3A 

Batch 
Ce ment 
Factor 

TABLE 7 

Grading 

Source Fineness 
Modulus 

Bulk 
Spec. 

Gravity 
Sieve Reta ined 
Size (%) 

Dravo 2.57 

Dravo 290 2.62 

1% in. 
% in. 
% in. 

No. 4 

No. 4 
8 

16 
30 
50 

100 

TABLE 8 

CEMENT TEST REPORT 

Type I 

1.3 
2.5 
1.2 
0.2 

10. 7 

Physical 

Specific surface 
Autoclave soundness 
Vicat set 
Air content 
Comp. strength 3 day 

7 day 

TABLE 9 

CONCRETE CHARACTERISTICS 

0 
50 
75 

100 

0 
18 
33 
57 
87 
95 

Type I 

1870 
0.06 
1.35 
8.5 

3120 
4040 

Net W/ C Slump 
Net Air 28-Day Compressive 
Content Strength 

No. (sk/cu yd) 
(gal/sk) (in.) 

(%pre ssure ) (psi) 

1 6.32 4. 72 2 3.9 
2 6. 75 4.85 2% 1.3 
3 6.41 4.68 2% 5.6 
4 6.82 4.85 2'/2 1. 5 
5 6.45 4.72 2'/2 4.0 
6 6.85 4.85 3 1.4 5660 
7 6.75 4. 74 2'/4 5.7 4950 
8 6.85 4.85 2 1. 5 5620 
9 6.64 4.86 2% 4.1 4350 

10 6.54 4.86 2% 4.3 4350 
11 6.78 4.85 2% 1.8 5730 
12 6.86 4.85 2'/2 1. 7 6370 
13 6.82 4.85 2% 1. 7 6050, 5770 
14 6.83 4.85 2% 1. 6 
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less than 5 gal water per bag of cement. Characteristics of the concrete are given in 
Table 9. 

The laboratory was maintained at 70 to 77 F and at 50 percent relative humidity. 
Batches were mixed for 2% min. A slump test and air-entrainment test were run on 
each batch made. Fourteen batches, two each day, were made. Each batch made ten 
specimens and one 6 by 12-in. cylinder for compression testing purposes. The speci
mens were 3 by 6 by 15 in., cast in watertight plastic molds. The mold was filled in 
two layers of equal depth, each layer rodded 50 times with a %-in. bullet-nosed tamping 
rod. The top layer slightly overfilled the mold and on completion of the rodding of this 
layer, the top surface was leveled and consolidated by patting with the hand protected 
by a rubber glove. The surface was then finished by three or four passes with a cork 
float, using a sawing motion to produce a finished surface on a specimen similar to 
that obtained on a concrete pavement. Immediately before final set of the surface, a 
Yz-in. width of the top surface bordering all four sides was scratched lightly to provide 
for better bond between the surface and a mortar dike. The mortar dike was placed 
around the perimeter of the top surface of the specimen with a cross section of approxi
mately 1 by 1 in. For best results, the mortar used was one part of cement to two 
parts of sand (top size No. 16 mesh) by weight, sufficient air-entraining agent to produce 
approximately 20 percent entrained air and a consistency similar to damp sand (balling 
up under pressure between the hands). A steel mold was used to form the dike. The 
surface to which the dike was to be bonded was brushed with neat cement paste of a 
thin consistency. The dike mold was filled with mortar and compacted with vigorous 
finger pressure. After filling and striking off the top, the mold was carefully lifted 
vertically, and at the same time it was tapped to avoid lifting the dike with it. 

Appendix B 

CURING AND TREATING SPECIMENS 

After 24 hours in the molds, during which time the specimens were protected from 
drying by damp burlap covers, the specimens were cured in a moist room at 100 per
cent relative humidity for 13 days, followed by 14 days at the same temperature and 
50 percent relative humidity. The specimens were then stored in air for an additional 
three day period with a 1/4-in. layer of water on the top surface. The cylinders for 
compression testing were cured continuously in the moist room for the full 28 days. 
On the seventh day of the 14-day drying period, the specimens were given an application 
of the prescribed treatment by flooding the surface and brushing. The specimens were 
at 73 F during treatment, and the materials were applied at the prescribed tempera
tures (Table 10). 

Treatment 

Regular concrete sealer 
Clear concrete sealer 
Boiled linseed oil, U. S. P. 
Black sealer 
No treatment 

TABLE 10 

Coats 

1 
1 
1 
1 

Application 
Temperature 

150 F 
73 F 
73 F 

150 F 

Total 
Quantity 
(gal/yd2

) 

0.08 
0.04 
0.04 
0.08 
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Appendix C 

FREEZE-THAW CYCLING OF TREATED SPECTh1ENS 

At the completion of the curing period, the surface of the specimen was covered with 
250 ml of a 4 percent solution of rock salt and water, by weight. Twenty of the speci
mens were covered with 250 ml of a 4 percent solution of CaCh. The specimen and 
solution were then alternately frozen and thawed, in a room maintained at - 20 F, the 
specimen remaining in this room for approximately 18 hr. The specimen was thawed 
for approximately 6 hours at normal laboratory temperature (about 70 F). Once each 
week, the solution was replaced by a freshly prepared solution, thus correcting for 
possible changes in concentration during the week due to evaporation or spillage. This 
process was carried on for 100 cycles. 

Appendix D 

RATING SPECTh1ENS 

Visual examination at regular periods was used to determine the amount of scaling 
and numerical ratings which were assigned on the following scale (Fig. 1 ). 

0 no scale 
1 slight scale 
2 slight to moderate scale 

') .., 
4 
5 

moderate scale 
moderate to heavy scale 
heavy scale 

Each specimen was rated independently by each of three different raters. The 
specimens were examined and rated at 5, 10, 15, 25, 50, 75, and 100 cycles. The speci
mens were also photographed at each rating time. 




