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•THE use of deicing chemicals for the removal of snow and ice from concrete pave
ments frequently causes scaling of the concrete surface. This deterioration occurs 
on both road slabs placed on a subgrade and on bridge slabs. The latter is recognized 
as being the far more serious problem. The Bureau of Public Roads has previously 
published several reports (.!, ~. ~) on the resistance of concrete surfaces to scaling. 
The results reported therein were based on the performance of test slabs placed on the 
ground so that freezing would occur in a manner similar to that occurring on a road 
slab; that is, from the top down, with the ground insulating the bottom surface. 

In recognition of the more extensive deterioration of bridge deck slabs, it was con
sidered advisable also to study the resistance to scaling of concrete surfaces in a sim
ulated bridge deck environment. The findings reported here are based on the perform
ance of slabs mounted on columns so that both the top and bottom surfaces were ex
posed to the air as in the case of bridge decks. 

SUMMARY OF RESULTS 

The following is a summary of the performance of concrete slabs exposed outdoors 
for periods up to three years. The slabs were subjected to an average of 47 cycles of 
freezing of water on the surface followed by thawing with deicing agents during each 
winter. It is doubtful that an equivalent number of deicer applications would be made 
each winter on bridge decks in most areas, so that performance over a 2 or 3-yr 
period as discussed in this report is probably more severe than in actual practice. 

Effect of Surface Coatings 

Sixteen of the 17 surface coatings tested were beneficial to different degrees in in
creasing the resistance of concrete to surface scaling. The better results were ob
tained with the epoxy resins, chlorinated rubber compounds, and a tar-based sealing 
compound. One of the coatings, an acrylic resin, did not give beneficial results. 

The epoxy coatings provided excellent resistance to scaling regardless of whether 
they were the penetrating type or the surface covering type which is applied with a 
grit filler. However, some loss of the epoxy resin coating occurred when the grit was 
spread over the epoxy resin before it hardened. No such loss of coating occurred 
when an epoxy resin-grit mortar was applied on a hardened epoxy resin coating. 

Chlorinated rubber compounds applied either as a curing agent or as a surface pro
tective coating gave very good protection to scaling. The best results were obtained 
when this material was applied as a curing agent. 

Slabs coated with fish oil or tall oil compounds had good resistance to scaling in 
expos ures limited to about 1 % winters. 

Linseed oil coatings as applied in these tests gave excellent resistance to s caling 
for the first winter (45 cycles of freezing and thawing), but little pr otection was found 
at later periods. This result suggests that linseed oil treatments should be repeated 
after one or two years of exposure. 
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Effect of Admixtures 

The effects of 10 admixtures were evaluated. Two admixtures were classified as 
retarders, two as durability aids, five as waterproofe1·s, and one as an accelerator. 
Only two of these, a durability a id described as a polys iloxane (which also had a re
tai·d1ng effect) and calcium chlor ide, significantly increased the resistance to scaling. 
The other admixtures, including two waterproofers which entrained over 8 percent air, 
had little or no effect on the resistance to scaling. 

Effect of Slump and Air Content 

These tests verified the fact that resistance to scaling is a function of both the air 
content and water-cement ratio of the concrete, with air content having the greater 
effect. Non-air-entrained concrete was not scale resistant even with 1-in. slump 
(w/c = 5. 9 gal/bag). Concrete with 5 percent air had good resistance to s caling ex
cept when 8-in. s lump concrete was used (w/ c = 7. 0 gal/bag). Concrete wi th 8 percent 
air had good resistance to scaling even with 8-in. s lump (w/c = 6. 5 gal/bag), but such 
concrete had about 25 percent less strength than concrete with 5 percent air and 3-in. 
slump. 

A maximum water content of 6 gal/bag of cement and a minimum air content of 5 
percent were indicated by these tests to be desirable limits for concrete subjected to 
deicing agents. Many states now specify concrete of this quality for exposure to freez
ing and thawing. 

Effect of Miscellaneous Variables 

A 2-in. bituminous concrete wearing surface has afforded good protection from 
scaling to both air - entrained and non-air-entrained concrete under the particular en
vironmental condition of these tests. 

A cover of 1 % in. of air-entrained concrete with maximum slump of 3 in. appears 
sufficient to prevent corrosion of reinforcing bars. When 8-in. slump air-entrained 
concrete was used similar protection was provided by 2 in. of concrete over the steel. 

The desirability of permitting concrete to age before applying deicers was demon
strated by these tests. Concrete slabs which were 30 days old before the first appli
cation of deicing salts were much more resistant to scaling than similar slabs which 
were only 8 days old when deicers were first applied. 

Lightweight concrete prepared with manufactured lightweight fine and coarse ag
gregates or with normal weight sand and lightweight coarse aggregate had good re -
sistance to scaling. Both had equal or better resistance than similar concrete pre
pared with normal weight fine and coarse aggregates. 

Concrete prepared with expansive cement was more susceptible to scaling at an 
early age than similar concrete prepared with type I portland cement. The greater 
susceptibility of this type of concrete to scaling was decreased somewhat, but not en
tirely eliminated, by permitting the concrete to age longer before applying deicers. 

VARIABLES INCLUDED IN STUDY 

The following four series of tests were included in this study: 

Series I and IA-Surface Coatings: Seventeen different surface coatings. 
Series II-Admixtures: Ten different admixtures. 
Series ill-Variable slump and air content. 
Series IV-Miscellaneous: Bituminous concrete wearing surface on portland cement 

concrete, depth of reinforcing steel in concrete, lightweight aggregate concrete, and 
expansive cement concrete. 

A description of the variables for each series is given in Tables 1 through 4. For 
the purpose of identification, each slab was given a number, the first digit of which 
indicates the test series and the remaining digits indicate the variable for that series. 
Replicate slabs for the same variable were given the same number. 



Variable 
No. 

1-1 
1-2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8 
1-9 
1-10 
1-11 
1-12 
1-13 
1-14 

1-15 
1-16 
1-17 

TABLE 1 

SURFACE COATINGS USED IN SERIES I AND IA 

Description 

Boiled linseed oil 
Chlorinated rubber sol. A 
Chlorinated rubber sol. A 
Chlorinated rubber sol. B 
Chlorinated rubber sol. B 
Potassium silicate sol. 
Bituminous-rosin mixture 
Tar-based sealer 
Silicone solution 
Acrylic resin solution 
Epoxy resin A penetrating type 
Epoxy resin A penetrating type 
Epoxy resin B 
Epoxy resin C 

Fish oil 
Distilled tall oil 
Tall oil fatty acid 

No. of 
Coats 

Series I 

2 
1 
1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 
1 

Series IA 

2 
2 
2 

Remarks 

Mixed with 50% mineral spirits 
Applied 3 hr after casting 
Applied after 21 days 
Applied 3 hr after casting 
Applied after 21 days 

Top surface not treated 
Top surface acid washed and wirebrushed 
Top surface acid washed and wirebrushed 
Top surface acid washed and wirebrushed 

Mixed with 50~ mineral spirits 
Mixed with 50:' mineral spirits 
Mixed with 50~ mineral spirits 

NOTE: Coatings applied at a rate of l gol/200 sq. ft. For variables 1-2 and 1-4, material applied as a curing 
agent only. All epoxy resins were the two-companent type. 

MATERIALS 
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The same cement, sand, and coarse aggregate were used in preparing all slabs, 
except in the case of some slabs of series IV where the type of cement or aggregates 
was a variable of the test program. The materials used were a type I portland cement 
having an alkali content of 0. 8 percent, a siliceous sand having a fineness modulus of 
2. 68, and a uniformly graded crushed limestone, all passing the 1 Yrin. sieve. A 
commercially available aqueous solution of neutralized Vinsol resin was used to ob
tain the desired air content. A general classification of the various surface coatings 
and admixtures is given in Tables 1 and 2. 

MIXING PROCEDURE AND MIX DATA 

The concrete for all slabs except those for series IA was mixed in a 5-cu ft capacity 
tilting drum mixer. Two batches were needed for each slab. A laboratory mixer of 

Variable 
No. 

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

TABLE 2 

ADMIXTURES USED IN SERIES II 

Type of 
Admixture a 

Retarder 
Retarder 
Durability aid 
Durability aid 
Waterproofer 
Waterproofer 
Waterproofer 
Waterproofer 
Waterproofer 
Accelerator 

Description 

Lignosulfonate 
Lignosulfonate 
Polysiloxane 
Silicone 
Asphalt emulsion 
Asphalt emulsion 
Latex 
Calcium stearate 
Resin derived from tall oil 
Calcium chloride 

aType of admixture is the classification given by the manufacturer. 

Amount Added 
per Bag of Cement 

3 oz 
0. 25 lb 
o. 3 lb 
4.4 oz 
1% gal 
1% gal 
0.1 gal 

14 oz 
0. 08 lb 

2 lb 
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TABLE 3 

VARIATIONS IN SLUMP AND AIR CONTENT 
USED IN SERIES III 

Variable 
No . 

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

Nominal 
Slump 
(in.) 

1 
3 
8 
1 
3 
8 
1 
3 
8 

Nominal 
Air 
(%) 

1 
1 
1 
5 
5 
5 
8 
8 
8 

2-cu ft capacity was used for preparing 
the slabs for series IA, so that five batches 
were required for each slab. Except when 
a property of the concrete was a study 
variable, a standard mix meeting the fol
lowing nominal requirements was used: 
slump, 3 in. ; water content, 6 gal/bag of 
cement; cement content, 5. 7 bags/cu yd; 
and air content, 5 percent. Concrete of 
this quality is generally considered to be 
durable in a freezing and thawing ex
posure and is specified by many states. 
However, such concrete may not be en
tirely resistant to scaling in an acceler-
ated freezing and thawing program as in 
this study, and the effects of the various 
treatments used may be shown more def-

initely. The data for the various mixes for all four series are given in Table 5. Three 
concrete cylinders for compressive strength tests were usually cast to represent the 
concrete made on each day for each mix design. 

DESCRIPTION OF TEST SPECIMENS 

The slabs used in these tests were 4 ft wide, 5 ft long and 6 in. thick. The top 
surface was given a broomed finish similar to that usually used on bridge decks. A 
raised edge was cast around the perimeter of the top surface to retain a shallow pool 
of water on the surface. When placed in the outdoor exposure area, the slabs were 
mounted on columns 3% ft above the ground. A view of the exposure plot and some of 
the test slabs is shown in Figure 1. 

PREPARATION OF TEST SLABS 

The 115 slabs included in this study represent approximately 50 variations of slab 
preparation and treatment. Each variation is usually represented by duplicate slabs 
made on different days. However, a control slab was always made in conjunction with 
the slabs prepared each day to represent test variables. 

The slabs were cast in the laboratory in watertight molds. All were molded, vi
brated, and finished in the same manner. After the concrete had been placed and vi
brated, the slabs were finished by three passes with a steel-edged float and then given 

TABLE 4 

MISCELLANEOUS VARIABLES USED IN SERIES IV 

Variable Nominal Nominal 
Slump Air Description of Variables 

No. (in.) (%) 

4-1 3 1 2-in. asphalt wearing surface-no seal coat 
4-2 3 1 2-in. asphalt wearing surface-seal coat 
4-3 3 5 2-in. asphalt wearing surface-no seal coat 
4-4 3 5 2-in. asphalt wearing surface-seal coat 
4-5 8 5 Reinforcing bars 7', In. from s urface 
4-6 8 5 ReJnforclng ba1·s i '1. In. from suriacc 
4-7 8 5 Reinforcing bars 2 in. from s urface 
'!-~ :t fi RPinfnrr.ing h~r~ ~I .. in. from !·mrfnce 
4-9 3 5 Reinforcing bus l'i• in. from sul'face 
4-10 3 8 Lightweight F.A. and C.A. ('Ii ln . max.) 
4-11 3 8 Natural F. A. and lightweight C. A. J'i. in. max.) 
4-12 3 5 Expansive cement (C. F. = 77', pags cu yd) 
4-13 3 5 Expansive cement (C. F. = 81/. bags/cl• yd) 
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TABLE 5 

MIX DATA AND PHYSICAL PROPERTIES OF THE CONCRETEa 

Proportions A. E. Other Cement Water Comp. Str. Variable Admix. Admix, b Slump Air 
No. by Weight {oz/bag (per bag Content Content (in.) (%) 28 DaJs 

(lb) cement) cement) (bags/ cu yd) (gal/bag) (ps , 

Series I 

All 94-215-335 0.6 None 5. 6 6.0 3, 1 5. 2 4650 

Series IA 

All 94-215-335 None None 5. 8 6.0 2.9 2.2 5360 

Series II 

Control 94-215-335 0.6 None 5.6 6.1 2. 8 5.1 4480 
2-1 94-215-335 0.5 3 oz 5. 7 5.7 3.0 5.4 5260 
2-2 94-215-335 None o. 3 lb 5.7 5.6 2. 6 4.9 4340 
2-3 94-215-335 0.3 o. 25 lb 5. 7 5.4 2.8 5. 2 5450 
2-4 94-215-335 0,3 4. 4 oz 5.7 5. 8 2. 6 5. 0 4590 
2-5 94-215-335 0.3 1% gal 5.5 5.lc 3. 5 5. 3 3530 
2-6 94-215-335 None l'i'.gal 5. 3 5.2c 3.0 8.+ 1830 
2-7 94-215-335 None 0.1 gal 5. 8 5. 8 2.6 4. 6 4380 
2-8 94-215-335 0.9 14 oz 5. 7 6.1 2.7 4.8 4780 
2-9 94-215-335 0.5 2 lb 5.6 6.1 3.5 5.0 5070 
2-10 94-215-335 None 0. 08 lb 5.4 6.0 3.4 8.+ 2730 

Series m 

3-1 94-231-335 None None 5. 6 5.9 1.0 1.3 4980 
3-2 94-231-335 None None 5.6 6.6 3. 2 1. 3 4750 
3-3 94-231-335 None None 5. 5 7.6 7.7 1. 2 4040 
3-4 94-215-335 0.8 None 5. 8 5. 4 1.0 5. 0 4820 
3-5 94-215-335 0.6 None 5. 7 6.0 3.2 5. 2 4430 
3-6 94-215-335 0.4 None 5.6 7.0 8.0 5.8 3860 
3-7 94-200-335 1. 8 None 5. 7 5.2 1. 2 6.9 4630 
3-8 94-200-335 0.9 None 5. 6 5.8 3.3 7.0 4140 
3-9 94-200-335 0.7 None 5. 5 6.5 7. 9 7.2 3420 

Series IV 

4-(1&2) 94-231-335 None None 5. 8 6. 3 2. 7 1. 2 4950 
4-(3&4) 94-215-335 0.6 None 5. 7 5.9 2.9 5.2 4430 
4-(5, 6! 7) 94-215-335 0.5 None 5. 5 7.0 7.5 5.1 3850 
4-(8&9 94-215-335 0.6 None 5. 7 6.0 3.0 4.5 
4-tod 94-130-130 1. 0 None 6. 0 8. lg 3. 1 9.5 4500 
4-lle 94-190-130 1. 0 None 6.1 6.9g 4.0 9. 0 
4-12f 94-155-250 0.6 None 7.4 4.6 3.4 4.4 4680 
4-13f 94-120-216 0.7 None 8.6 4.1 4.0 5. 5 

0 0ato for series 11, Ill, and IV ore average of tests on concrete for two slobs for each variable. 
bsee Table 2. 
cw oter content does not include wornr in the admixture . 
dLf9htweight fine and coarse aggregates used . 
eNoturol $and ond ll9htweight coarse oggregote used. 
fExparuiva cement used . 
gTotol water odded including that absorbed by lightweight aggregates . 
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Figure l. Exposure area. 

a final surface finish with a hair broom. Except when a surface coating was being 
evaluated as a curing material as well as a protective coating, the slabs were covered 
with wet burlap while stored in the laboratory at a temperature of 70 to 75 F for 4 days. 
The slabs were then transported to the exposure plot and received no further curing 
except for that of natural weathering. 

The slabs for series I, IA, II, and m were at least 30 days old before they were 
exposed to freezing. This length of time should permit sufficient curing so that dif
ferences caused by the age of the slabs could be considered immaterial. Some of the 
slabs for series IV, however, were only 8 days old when the first freeze occurred 
and this is believed to have had a bearing on the amount of scaling of these slabs. 

Since the slabs for series IA were prepared about one year later than the slabs in 
the other series, they were made with non-air-entrained concrete to expedite scaling 
and thus enable the results to be reported at the same time as those for the other 
series . 

TESTING PROCEDURE 

The procedure followed for testing these slabs was similar to that in the previously 
reported tests for s caling (1). Each night when freezing was expected, the top surface 
of each slab was covered with appi-oximately % in. of wa tei- . The next morning, a 
mixture of equal parts of sodium chloride and calcium chloride was spread uniformly 
over the ice-encrusted surface at a rate of about 2. 4 lb/sq yd. About 4 to 5 hours 
later, after the ice had melted, the salt water on the surface was broomed off and the 
slabs flushed with fresh water to remove all of the chloride solution. Fresh water was 
left on the surface of the slabs for the next freezing. 

The slabs in series I, II, m and IV were exposed to outdoor weathering for 3 years. 
During this time, they were subjected to 140 cycles of the freezing and thawing pro
cedure previously described. Forty-five cycles were obtained during the first winter, 
42 during the second, and 53 during the third. The slabs for series IA have had only 
75 cycles of freezing and thawing. All specimens were examined periodically and rated 
by visual observations of the amount and depth of scaling. The criteria for the ratings 
of the various degrees of scaling are the same as given in previous reports by the 
Bureau of Public Roads (1. 2. 3). A general description of the numerical ratings is 
as follows: ~ - · - -

0 =no scale. 
1 = scattered spots of very light scale. 
2 = scattered spots of light scale with mortar surface above coarse aggregate 

removed. 



3 = light scale over about one-half of the surface. 
4 =light scale over most of the surface. 
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5 = light scale over most of the surface, with a few moderately deep spots, where 
the mortar surface was below the upper surface of the coarse aggregate. 

6 = scattered spots of moderately deep scale. 
7 = moderately deep scale over one -half of the surface. 
8 = moderately deep scale over entire surface. 
9 = scattered spots of deep scale with the mortar surface well below the upper 

surface of the coarse aggregate; otherwise, moderately deep scale. 
10 = deep scale over entire surface. 

SURFACE COATINGS-SERIES I 

In series I the effect of 14 different surface coatings on scaling resistance to scal
ing was determined. Descriptions of the coatings as given by the manufacturer, and 
the methods of application are given in Table 1. 

The standard mixture design previously described was used for the concrete for all 
slabs in this series. The mix data and compressive strength data given in Table 5 are 
the averages of the tests made on the concrete for the 30 slabs in this series. The 
actual ranges of these data were as follows: 

Cement content, 0.1 bag/cu yd (5. 6 to 5. 7); 
Water conte~t, 0. 3 gal/ba$' of cement (5. 9 to 6. 2); 
Slump, 0. 7 m. (2. 7 to 3. 4); 
Air content, 1. l percent (4. 7 to 5. 8); and 
Compressive strength, 560 psi (4430 to 4990). 

Coating Procedure 

All of the surface coatings were applied by brushing. The rate of each application 
was 1 gal of solution per 200 sq ft. For some coatings, two applications were used. 
Except when the surface coatings were applied as a curing material, they were applied 
after the slabs had been moist-cured for 4 days and stored in the exposure area for 17 
days of outdoor drying. When a second coat was required, it was applied the next day. 

The surface of each slab was brushed to remove loose material just prior to the 
application of the surface coating, except for three of the four groups of slabs on which 
epoxy was applied. These received an acid wash followed by wire brushing. 

TEST RESULTS FOR SERIES I 

The effect of the various surface coatings on the resistance of concrete to scaling 
is given in Table 6 wherein the scaling ratings after 20, 45, 65, 87, 114, and 140 cycles 
of freezing and thawing are given for each slab on which the surface coatings were ap
plied as well as the three control slabs. · In this tabl.e other surface defects which may 
later develop into scaling are also noted. A comparison between the ratings of the 
slabs with the various surface coatings and the control slabs for series I is shown in 
Figure 2. The performance of each of the surface coatings is discussed in the follow
ing sections. 

Boiled Linseed Oil (Variable No. 1-1) 

Figure 2 shows that at the end of the first winter (45 cycles) neither of the linseed 
oil-coated slabs showed any scaling (rating of O), whereas the uncoated control slabs 
had light scaling. Continued exposure to freeze-thaw cycles, however, caused the 
slabs treated with linseed oil to scale, with the result that after three winters (140 
cycles) there was nearly the same degree of scaling on the linseed oil-treated and con
trol slabs. These tests suggest that linseed oil provides good protection for the first 
year or so, but that subsequent treatments may be necessary to maintain a scale-free 
surface. 
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TABLE 6 

RATINGS OF SLABS FOR SERIES I AND IA SURFACE COATINGS 

Rating After Fr. and Th. 
Variable Description for Cycles Indicated Other Defects No. 

20 45 65 87 114 140 

Series I 

Control No surface coating 2 3 4 5 5 6 Map cracking 
Control No surface coating 1 1 2 4 4 4 Lt. map cracking 
Control No surface coating 0 1 2 4 4 5 Map cracking 

l-1 Linseed oil 0 0 2 2 3 4 None 
1-1 Linseed oil 0 0 2 3 4 5 Lt. map cracking 
1-2 Chlor. rubber (A)a 0 0 1 1 1 1 Lt. map cracking 
1-2 Chlor. rubber (A)a 0 0 0 0 0 0 Lt. map cracking 
1-3 Chlor. rubber (A) 0 1 1 3 3 4 Lt. map cracking 
1-3 Chlor. rubber (A) 0 0 0 0 0 0 None 
1-4 Chlor. rubber (B)a 0 0 0 0 0 0 None 
l-4 Chlor. rubber (B)a 0 0 0 0 0 0 None 
1-5 Chlor. rubber (B) 0 0 1 2 2 2 None 
1-5 Chlor. rubber (B) 0 1 1 2 2 3 Lt. map cracking 
1-6 Potassium silicate 0 0 1 1 1 1 None 
1-6 Potassium silicate 0 0 1 2 2 2 None 
1-7 Bituminous rosin 0 0 0 1 1 1 Lt. map cracking 
1-7 Bituminous rosin 0 0 1 3 4 6 Lt. map cracking 
1-8 Tar based sealer 0 0 0 0 0 0 Map cracking 
1-8 Tar based sealer 0 0 0 0 1 1 Map cracking 
1-9 Silicone 0 1 1 2 2 3 None 
1-9 Silicone 0 1 2 4 5 5 Lt. map cracking 
1-10 Acrylic resin 0 2 3 5 5 6 Map cracking 
1-11 Epoxy A~ 0 0 0 0 0 0 None 
1-11 Epoxy AD 0 0 0 0 0 0 None 
1-12 Epoxy Ab 0 0 0 0 0 0 None 
1-12 Epoxy Ab 0 0 0 0 0 0 None 
1-13 Epoxy B 0 0 0 0 0 0 None 
1-13 Epoxy B 0 0 0 0 0 0 None 
1-14 Epoxy C 0 0 0 0 0 0 None 
1-14 Epoxy C 0 0 0 0 0 0 None 

Series JAC For cycles: 22 49 75 

Control No surfac!l coating 7 8 10 
Control No surface coating 7 9 10 

1-15 Fish oil 0 0 1 None 
1-15 Fish oil 0 0 1 None 
1-15 Fish oil 2 5 6 None 
1-16 Distilled tall oil 0 0 1 None 
1-17 Tall oil fatty acid 0 1 1 None 

°Chlorinote rubber solution gpplf ed as curing material. 
bEpoxy A applied without minera l fi lier. 
CNon-air-entrained concrete used in series IA. 

Previous studies conducted by the Bureau of Public Roads (3) had indicated that the 
beneficial effects of linseed oil were persistant at least to the period required for 105 
cycles of freezing and thawing. Although it is possible that the poorer performance of 
linseed oil in the tests reported here may be related to the greater severity of the test 
conditions as a result of the test slabs being supported above ground, it is considered 
probable that other factors may have had equal or greater influence. It is conceivable, 
for example, that the conditions under which the linseed oil walll applied in the later 
testing program were less favorable for proper penetration than in the earlier series 
of tests. This oossibilitv is suggested in view of the observation that much of the lin
seed oil coating flaked off the simulated bridge deck slabs during the first summer 
along with some of the mortar, which is indicative that penetration was incomplete. 
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Figure 2. Effect of surface coating on resistance to scaling (series I). 

Chlorinated Rubber Coatings (Variables 1-2, 1-3, 1-4, and 1-5) 

150 

Two commercially available membrane-forming chlorinated rubber curing materials 
(identified as A and B) were included in these tests. Water retention tests performed 
according to ASTM Method C 156 showed these materials to be curing compounds of 
good quality. Losses of O. 034 and 0. 038 gram/sq cm were obtained for materials A 
and B, respectively, which corr.pare favorably with the 0. 055 gram/sq cm limit imposed 
by ASTM Specification C 309 for liquid membrane -forming curing compounds. 

Each of the materials was applied separately as a curing agent and as a surface pro
tective coating. When used as a curing agent, each material was applied approximately 
3 hours after the slabs were cast and no further curing was given. When either ma
terial was used as a surface protective coating, it was applied after the slab had been 
given 4 days moist curing in the laboratory followed by drying for 17 days in the out
door exposure area. 

A comparison between the slabs on which chlorinated rubbers A and B were used 
and the control slabs is provided by two graphs in Figure 2. For the slabs identified 
as 1-3 and 1-5, the coating was applied as a surface protective coating and for slabs 
1-2 and 1-4, it was applied as a curing material. The results obtained with the two 
chlorinated rubber compounds were essentially the same. In both cases, these ma
terials gave much better resistance to scaling than the control slabs and were more 
beneficial when used as curing compounds. 

Potassium Silicate (Variable 1-6) 

The slabs on which this material was applied showed very good resistance to scal
ing. The average rating for these slabs after 140 cycles was 1 % as compared to an 
average of 5 for the control slabs. 
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Bituminous-Rosin Mixture (Variable 1-7) 

The two slabs treated with this material were not consistent in their resistance to 
scaling. Although both slabs showed light map cracking, one slab had a rating of 1 
after 140 cycles of freezing and thawing, whereas the other slab had a rating of 6. Al
though there is no ready explanation for the inconsistent performance it is most prob
able that some variation in slab preparation, particularly the surface finish, may be 
responsible. 

Tar-Based Sealer (Variable 1-8) 

Slabs treated with the tar-based sealer were in excellent condition after 140 cycles 
of freezing and thawing. One slab showed a slight amount of scaling and it was given a 
rating of 1, whereas the other slab showed no scaling. Both slabs showed fine map 
cracking over their entire surfaces. The map cracking on these slabs as well as those 
coated with the bituminous-rosin mixture may have been brought about by higher sur
face temperatures resulting from the dark color of the coatings. 

Silicone Solution (Variable 1-9) 

The silicone solution used in these tests provided no significant improvement in re
sistance of concrete to scaling. 

Acrylic Resin (Variable 1-10) 

Only one slab was tested using this surface coating. Scaling on this slab had started 
by the end of the first winter, and at the end of the third winter it had a rating of 6 with 
considerable map cracldng. The use of lhis material appeared to offer no protection 
to the concrete surface. 

Epoxy Resin (Variables 1-11, 1-12, 1-13, and 1-14) 

Three different two-component epoxy resin systems, identified as A, B, and C, 
were used in this study. The surfaces of the slabs identified as 1-11 were prepared 
for coating by brushing to remove loose material. The other slabs (identified as 1-12, 
1-13, and 1-14) were given an acid wash, rinsed thoroughly, dried, and then wire 
brushed prior to coating. About 5 minutes after the two components were mixed, the 
mixture was brushed on the surface of the slabs at a rate of 1 gal/200 sq ft. 

Epoxy A, which was a penetrating type, was applied to slabs 1-11 and 1-12 without 
the addition of a grit cover. Penetration into the surface of these slabs occurred quite 
rapidly. For the slabs coated with Epoxy B (1-13), a special sand-sized grit was 
broadcast uniformly on the plastic epoxy resin at a rate of approximately 0. 25 lb/sq yd. 
For the slabs coated with Epoxy C (1 -14), a mixture of one part epoxy resin and three 
parts grit was troweled on the surface after the initial epoxy resin coating had hardened. 
The rate of this application was not recorded, but the objective was to obtain as thin 
a mortar layer as possible with the size of grit used. 

All of the slabs which had the epoxy resin surface coatings gave excellent resistance 
to scaling. After 140 cycles of freezing and thawing, they all had a rating of O; that is, 
no indication of surface scaling. For the slabs on which Epoxy A was used (1-11 and 
1-12), the epoxy appeared to have penetrated into the surface of the concrete and there 
is no difference between the slabs which had the acid wash and those which did not. 
Where Epoxy B was used (1-13), the epoxy did not adhere to the concrete as well as 
Epoxy C. By 140 cycles of freezing and thawing, approximately 20 percent of Epoxy B 
had flaked off, whereas the slabs on which Epoxy C was used are still completely coated. 
The method of applying the grit apparently was a factor in the better adherence of the 
Epcxy C coating. 

SURFACE COATINGS-SERIES IA 

Series IA includes tests on three surface coatings of the penetrating oil type which 
were received too late to be included in series I. The mixture proportions of the 
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concrete from which the slabs for this series were made were the same as those for 
series I, except that no air-entraining agent was added. Since series IA was started 
1 year later than series I, non-air-entrained concrete was used to reduce the number 
of cycles required to evaluate the coatings. It was hoped that the change in air content 
for series IA would cause an acceleration of the scaling so that the results for the two 
series could be reported at the same time. 

The curing procedure for the slabs in series IA was similar to that for series I ex
cept that after the 4-day moist curing, the series IA slabs remained in laboratory air 
for a minimum of 30 days prior to storage in the exposure area, whereas series I slabs 
were taken directly to outdoor storage. 

The scale ratings of each slab through 75 cycles of freezing and thawing are given 
in Table 6 and comparisons of the ratings of the treated slabs with the corresponding 
control slabs are shown graphically in Figure 3. The single slabs treated with distilled 
tall oil (variable 1-16) and tall oil fatty acid (variable 1-17), as well as two of the three 
slabs treated with fish oil (variable 1-15), showed no appreciable scaling after 75 
cycles. One slab treated with fish oil had a rating after 75 cycles of 6, for which no 
ready explanation is availabe. This nevertheless represents less scaling than the rat
ing of 10 shown by the control slabs. Considering that the slabs were composed of 
non-air-entrained concrete, this group of coating materials provided good resistance 
to scaling. 

"' z 

io .----~..--c.-o_t-1_1_110-... -..... ::::::::------• 

• 

10 .----.....-----..--------. 

• ~·----· 
~ 5 
a: 

"' z 

DISTILLED TALL 01 L ( 1-16) 
0 «----0-'-----o-==' =:..._ _ _J 

10 .-----~~c.O_N_"\"_R_O\.--.~• 

• 
~ 5 
a: 

TALL OIL FATTY ACID (1-17) 

OL----o;..::::::::::::. __ J_ __ ___J 

0 25 50 75 
CYCLES OF FREEZINGS THAWING 

Figure 3. Effect of surface coatings on resistance 
to scaling (series IA). 

ADMIXTURES-SERIES II 

This series of tests included slabs pre -
pared with various admixtures which have 
been recommended for use in bridge deck 
concrete. The manufacturer's classifica
tion of these admixtures, a description of 
each, and the amounts used are given in 
Table 2. This test series included two 
retarders, two durability aids, five water
proofers, and one accelerator. The ad
mixtures classified as retarders and dura
bility aids could also be classified as 
water-reducing admixtures, as the water 
required for the desired slump was from 
0. 3 to 0. 7 gal/bag of cement less than 
that required for the control mix with the 
same slump. 

All of the admixtures except one (vari
able 2-8) caused some air-entrainment in 
the concrete so that less air-entraining 
agent had to be added to the concretes con
taining them than to the control concrete 
in order to obtain the desired 5 percent of 
air. Because of difficulty in obtaining the 
desired air content with variable 2-8, only 
one slab was made with this admixture . 

Two of the waterproofing admixtures 
(variables 2-6 and 2-10) produced over 8 
percent air, causing reductions in com -
pressive strength of 39 and 59 percent, 
respectively, below that of the control 
slabs. 

The effect of the various admixtures on 
the resistance of concrete to scaling is 
given in Table 7. A comparison between 
the slabs prepared with the various ad-
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TABLE 7 

RATINGS OF SLABS FOR SERJES II ADMIXTURES 

Rating After Fr. and Th. 
Variable Type of for Cycles Indicated Other Defects 

No. Admixture 
20 45 65 87 114 140 

Control None 1 1 2 4 4 5 Map cracking 
Control None 0 1 2 4 4 4 Map cracking 
Control None 1 1 2 2 2 3 None 

2-1 Retarder 1 2 2 4 4 4 Lt. map cracking 
2-1 Retarder 1 3 3 4 4 5 Lt. map cracking 
2-2 Durability aid 1 1 1 1 1 1 Map cracking 
2-2 Durability aid 1 2 2 2 2 2 None 
2-3 Retarder 1 3 3 4 4 4 Map cracking 
2-3 Retarder 0 1 2 3 3 3 Lt. map cracking 
2-4 Durability aid 1 4 4 4 4 4 Map cracking 
2-4 Durability aid 1 2 4 4 4 5 Lt. map cracking 
2-5 Waterproofer 0 1 3 3 4 4 Map cracking 
2-5 Waterproofer 0 1 2 2 3 3 Map cracking 
2-6 Waterproofer 0 1 3 5 5 5 Heavy map cracking 
2-6 Waterproofer 1 1 3 3 3 4 Map cracking 
2-7 Waterproofer 0 1 1 2 2 3 None 
2-7 Waterproofer 1 2 5 6 7 8 
2-8 Waterproofer 0 1 1 2 2 3 None 
2-9 Accelerator 0 0 1 1 1 1 Lt. map cracking 
2-9 Accelerator 0 0 1 1 1 1 Lt. map cracking 
2- 10 Waterproofer 0 1 3 3 4 5 Map cracking 
2-10 Waterproofer 0 1 3 3 4 4 Map cracking 

mixtures and the corresponding control slabs is shown in Figure 4. The performance 
of the slabs prepared with each of the admixtures is discussed in the following sections. 

Retarders (Variables 2-1 and 2-3) 

The slabs prepared with the two retarders had scale ratings of 3% and 4'/2 after 140 
cycles as compared to a rating of 4 for the control slabs. Thus, the retarders had no 
significant effect on the resistance of the slabs to scaling. 
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Figure 4. Effect of admixtures on resistance to scaling (series II). 
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Durability Aids (Variables 2-2 and 2-4) 

The slabs prepared with the polysiloxane durability aid (2 -2) gave very good resist
ance to scaling, having an average rating after 140 cycles of 1%. However this ad
mixture retarded the setting time of the concrete more than can usually be tolerated. 
The other durability aid (2-4) showed no improvement in resistance to scaling. 

Waterproofers (Variables 2-5, 2-6, 2-7, 2-8, and 2-10) 

The range in the average ratings of the slabs prepared with the five waterproofers 
is shown in the upper right graph of Figure 4. This indicates that the waterproofing 
admixtures were generally ineffective in improving the resistance to scaling of air
entrained concrete. It should also be noted that even though admixtures 2-6 and 2-10 
produced over 8 percent air in the concrete, there was no increase in scaling resist
ance over the control concrete with only 5 percent air. This result suggests that the 
air void system produced by these admixtures may not be as effective as that produced 
by the air-entraining agents normally used. 

Accelerator (Variable 2-9) 

The slabs prepared with calcium chloride showed excellent resistance to scaling, 
having an average rating of l after 140 cycles. This finding may have implications 
with respect to the mechanism by which deicing agents accelerate scaling during freez
ing and thawing of concrete surfaces. Other researchers (4) have postulated that CaCb 
used as a deicer increases scaling partly as the result of the establishment of a con
centration gradient near the surface of the concrete. The increased resistance to scal
ing obtained in this study supports this view since the integral incorporation of CaCh 
in the concrete, as was done in this study, would tend to minimize the concentration 
gradient near the surface and thus should improve scale resistance. 

VARYING SLUMP AND Am-SERIES m 

The object of this series of tests was to verify existing views on the effect of water 
content and air content on the resistance of concrete to scaling. For this purpose con
crete was prepared with slumps of 1, 3, and 8 in. and air contents of 1, 5, and 8 
percent. 

TABLE 8 

RATINGS OF SLABS FOR SERIES ID 
VARYING SLUMP AND AIR CONTENT 

Rating After Fr. and Th. 
Variable Slump Air for Cycles Indicated Other Defects No. (in . ) (~) 

20 45 65 87 114 140 

3-1 0 5 6 8 8 9 
3-1 1 5 8 10 
3-2 3 8 9 10 
3-2 6 9 10 
3-3 8 8 10 
3-3 6 10 
3-4 1 5 0 1 2 3 4 4 Map cracking 
3-4 0 1 1 1 1 1 None 
3-5 3 5 0 0 2 4 5 5 Map cracking 
3-5 0 0 1 1 1 1 None 
3-6 8 5 0 2 3 4 5 6 Map cracking 
3-6 0 1 3 5 6 7 
3-7 B 0 0 1 1 2 2 Map cracking 
3-7 0 0 0 0 0 1 None 
3-8 3 8 0 0 0 0 1 1 None 
3-8 0 0 1 1 1 1 None 
3-9 8 8 0 1 2 3 4 5 Map cracking 
3-9 0 1 1 1 1 1 None 
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The mix proportions used for all concretes in this series were the same except for 
a variation in the sand content to compensate for the varying air contents. It was also 
necessary to increase the water required for a given air content approximately 1. 5 gal/ 
bag of cement as the slump was increased from 1 to 8 in. 

The ratings for each slab in this series are given in Table 8 and comparison of the 
ratings of the slabs with 1, 3, and 8-in. slump for each air content is shown graphically 
in Figure 5. 

Concrete With 1 Percent Air (Variables 3-1, 3-2, and 3-3) 

All of the slabs prepared with non-air-entrained concrete had very poor resistance 
to scaling. The slabs with 3 and 8-in. slump (variables 3-2 and 3-3) both had an av
erage rating of 7 after 20 cycles of freezing and thawing, whereas the slabs with 1-in. 
slump (variable 3-1) had an average rating of %. After 45 cycles, the slabs with 3 and 
8-in. slump had average ratings of 9 and 10, respectively, while those with 1-in. slump 
had ratings of 5. It should be noted from the mix data given in Table 5 that the water 
content for the 1-in. slump mix was 5. 9 gal/bag of cement, whereas it was 6. 6 and 
7. 6 gal for mixes 3-2 and 3-3. This result suggests that a significant decrease in du
rability occurs for non-air-entrained concrete when 6 gallons of water per bag of ce
ment is exceeded. 
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Figure 5. Effect of air and slump on resistance to 
scaling (series Ill). 

Concrete With 5 Percent Air 
(Variables 3-4, 3-5, and 3-6) 

The adverse effect of increased water
cement ratio was also evident for the con
cretes having an air content of 5 percent. 
After 140 cycles, severe scaling had oc
curred only on the 8-in. slump concrete 
which had a water content of 7 gal/bag of 
cement. The concretes prepared to have 
1 and 3 -in. slumps showed only scattered 
light scaling. 

Concrete With 8 Percent Air 
(Variables 3-7, 3-8, and 3-9) 

The slabs prepared with 8 percent air 
all showed good resistance to scaling; the 
highest average rating being found for the 
slabs cast from the 8-in. slump concrete. 
Apparently, the adverse effect of a high 
water content decreases as the air content 
is raised. However, it should be noted 
that the 8-in. slump concrete had approxi
mately 25 percent less strength than con
crete having 3-in. slump and 5 percent air. 

MISCELLANEOUS TESTS-SERIES IV 

This series of tests includes a number 
of miscellaneous independent studies for 
which variables are described in Table 4. 
The scale ratings given each of the slabs 
pre.pared for these variables arP. given in 
Table 9. The performance of the slabs 
for this series is discussed in the following 
sections. 
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TABLE 9 

RATING OF SLABS FOR SERIES IV (Miscellaneous Variables) 

Rating After Fr. and Th. 
Variable Description for Cycles Indicated other Defects No . 

20 45 65 87 114 140 

4-1 i ,i air PCC-2-ln. asphalt sm'face -a 
4-1 11l a.Ir PCC-2-in. asphalt surface -a 
4-2 11' air PCC-2-in. asphalt surfaceb _a 

4-2 1" alr PCC-2-tn. asphalt surfaceb _a 
4-3 5~ air PCC-2-ln. asphalt surface -a 
4-3 5% air PCC-2-in. asphalt surface _a 
4-4 5\'& oJr PCC-2-ln. asphalt suriaceb -a 
4-4 5,i air PCC-2-ln. asphalt surraceb _a 
4-5 8-ln. sl. -steel lj in. from surface 0 3 5 7 7 8 Cracksc, rustd 
4-5 8-in. sl. -steel X. fo. from surCace l 5 7 9 9 10 Cracksc, rustd 
4-6 8-in. sl. -steel 1 Y. in. from surface 1 4 6 8 8 9 Cracksc, rustd 
4-6 8-ln. sl. -steel 1 Y. in. from surface 1 4 6 9 9 9 Cracksc, rustd 
4-7 8-in. sl. -steel 2 In. from surface 1 3 5 7 7 8 None 
4-7 8-in. sl. -steel 2 in. from surface 1 5 8 9 9 10 None 
4-8 3-in. sl. -steel "!. in. from surface 0 1 3 4 4 5 Cracksc, rustd 
4-8 3-in. sl. -steel "!. in. from surface 0 1 3 4 5 6 Cracksc, rustd 
4-9 3-ln. sl. -steel l Y. in. from surface 0 1 3 3 4 4 None 
4-9 3-in. sl. -steel 1 Y. in. from surface 0 1 3 3 4 4 None 
4-10 Lightweight F. A. and C. A. 0 0 1 2 2 2 None 
4-10 Lightweight F.A. and C.A. 0 0 2 2 3 3 Map cracking 
4-11 Norma.I F. A. and lightweight C. A. 0 0 0 0 0 0 Heavy map cracking 
4-11 Normal F . A. and 1~1twelght C. A. 0 0 1 1 1 1 Heavy map cracking 
4-12 Expansive cem. -7' a bags/cu yd 7 7 7 7 7 7 
4-12 E"'Pansive cem. - 7{,• bags/cu yd 7 7 7 7 7 7 
4-13 Expansive cem. - 8 Y2 bags/cu yd 7 7 7 7 7 7 
4-13 Expansive cem. - 8% bags/cu yd 7 7 7 7 7 7 

aNo rating obtolned-2-i n. asphalt weari ng surface not removed . 
bseal coat appli ed between °"ncrete arid 2-in. asphalt wearing surface. 
ccracks over steel reinforcing bars. 
dRust stains on surface of concrete. 

Bituminous Concrete Surface Coating (Variables 4-1, 4-2, 4-3, and 4-4) 

These tests were made to determine the effect of a 2-in. bituminous concrete cover 
on the resistance to scaling of the concrete surface on which it is applied. There is 
some opinion that salt solutions penetrate this type of overlay (usually through cracks 
in the overlay) and are trapped at the surface of tl1e concrete with the result that de
terioration of the concrete is accelerated. Both non-air-entrained and air-entrained 
concrete slabs were tested. 

A coal tar pitch emulsion seal coat was applied to half of the slabs. After the 
sealer had dried, all of the slabs were lined up and 2 in. of bituminous concrete was 
applied in a manner similar to that which would be used on a bridge deck surface. The 
final compaction was obtained by 10 passes made with an 8-ton tandem steel-wheeled 
roller. The slabs were about 30 days old when the bituminous concrete was applied. 

Because of difficulty in obtaining a dam which would hold water on the bituminous 
surface, these slabs were not salted regularly until the beginning of the second winter. 
They have now had approximately 100 cycles of natural freezing and thawing with de
icing chemicals. Since it was desired to continue the exposure of these slabs beyond 
this period, examination of the concrete surface was made without removing the entire 
overlay. Eight-inch cores of the bituminous concrete were removed from the two slabs 
which were considered to be the most susceptible to scaling, that is, the non-air
entrained slabs which did not receive a seal coat prior to surfacing (variable 4-1). 

The areas of concrete surface that could be inspected did not show any evidence of 
scaling. Although control slabs without a bituminous cover were not made specifically 
for comparison with the overlayed slabs, similar non-air-entrained slabs were used as 
controls in series IA and m. These uncovered slabs were all heavily scaled before 75 



72 

cycles.• Thus, the bituminous cover was highly effective in protecting the concrete un
der these particular conditions of test. One possible explanation for the apparent pro
tective effect of the overlay is that the additional heat absorbed by the black surface 
layer, as well as its insulative effect, may have reduced the number and severity of the 
freezing cycles experienced by the concrete surface of these slabs. Another factor that 
may have a bearing on the performance of these slabs is the fact that they had over a 
year of curing before receiving regular applications of deicing chemicals. 

Slabs Containing Reinforcing Steel (Variables 4-5, 4-6, 4-7, 4-8, and 4-9) 

These tests were made to determine the minimum thickness of concrete cover for 
steel reinforcing bars needed to prevent cracking and spalling caused by conosion of 
the steel. Slabs were made with air-entrained concrete with high (8-in.) and medium 
(3-in.) slumps. The steel reinforcement consisted of No. 5 (%-in. diameter) bars 
which were imbedded in the concrete with%, 1?'4, or 2-in. cover. The bars were 
spaced 8 in. from the edges and on 8-in. centers. 

The slabs made from concrete with the 8-in. slump and with % and 1 Y4-in. cover 
(variables 4-5 and 4-6) showed cracks over each of the reinforcing bars, some rust 
stains on the surface, and several popouts. There were no cracks over the steel or 
rust stains on the surface of the concrete where the steel was imbedded in this con
crete for a depth of 2 in. (variable 4-7). The slabs made with 3-in. slump concrete 
with . the steel having %-in. concrete cover (variable 4-8) showed cracks in the con
crete over each of the bars. These tests indicate that a 2-in. concrete cover over 
reinforcing bars will insure protection from damage caused J;>y corrosion of the steel 
even when a high slump air-entrained concrete is used. A 1 %-in. cover would ap
parently be satisfactory if a less permeable concrete is used, such as the 3-in. slump 
concrete of t':lis series. 

All of the slabs containing reinforcing steel showed considerably more scaling than 
would be expected for air-entrained concrete. This form of deterioration, however, 
would not be expected to be influenced by the depth of cover of the steel. In the case 
of t.'1ese tests, it is believed that the excessive scaling is related to the fact that these 
slabs were only 8 days old when the first freeze and deicer application occurred. In 
support of this opinion, a comparison is shown in Figure 6 between the ratings of the 
slabs in this series and slabs from series m which were prepared with similar con
crete but which were more than 30 days old when first subjected to freezing. For both 
the 8 and 3-in. slump concrete, the series IV slabs show considerably more scaling 
than similar slabs of series m. Thus, it is evident that during the early life of con
crete there is a gradual improvement in resistance to scaling beyond the usual speci
fied curing periods. This improvement in durability may be due to continued hydration 
and gain in strength or to the drying of the concrete, or both. 

Lightweight Concrete (Variables 4-10 and 4-11) 

These tests were conducted to determine the effect of using a manufactured light
weight aggregate on the resistance of concrete to scaling. Slabs were prepared with 
concrete in which the lightweight fine and coarse aggregates were used, and also where 
lightweight coarse aggregate was used in combination with a natural fine aggregate. 

·These concretes were prepared with higher air contents (9. 5 and 9. 0 percent) than 
were used in the standard normal-weight concrete in view of the small maximum size 
(% in.) of the lightweight coarse aggregate. 

Three of the four slabs prepared with lightweight aggregates developed a form of 
surface map cracking with the more severe condition occurring when only the coarse 
aggregate fraction was the lightweight material. The map cracking, however, did not 
adversely affect the resistance to scaling. The s labs prepared with both fine and coarse 
llghlwe.ighl aggregates had au average scate rati.;g of 2% .:ftcr 110 cycles; the slabs 
containing only lightweight coarse aggregate had an average rating of%. On the basis 
of these ratings, the scale resistance of the lightweight aggregate concrete in series 
IV is slightly better than that of the normal-weight concrete used in the control slabs 
of series I, II, and m. Although the somewhat higher mortar air content of the light-
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salted on resistance to scaling. 
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weight aggregate concrete may have in
fluenced the relative performance of the 
two types of concrete, these tests do in
dicate that there is no sacrifice of scale 
resistance by virtue of using lightweight 
aggregate. 

Ex ansive Cement Concrete 
Variables 4-12 and 4-13 

Scaling tests were made on slabs pre
pared with air-entrained concrete in which 
expansive cement was used. In keeping 
with the use of this type of cement in prac- . 
tice, cement contents of 7Y2 and 8% bags/ 
cu yd were used in the concrete and the 
slabs were heavily reinforced to provide 
the necessary restraint for the expanding 
concrete. These particular slabs received 
the standard 4 days of moist curing in the 
laboratory but were only 12 days old when 
they were first subjected to freezing and 
deicer agents. 

All the expansive concrete slabs showed 
severe scaling prior to 10 cycles of freez-
ing and thawing. At 10 cycles (the first 

rating of the slabs), they all had a rating of 7, which represents considerably more 
scaling at this age than was observed for any of the air-entrained concrete slabs pre
pared with the type I portland cement. Even the high s lump concrete slabs pretJar ed 
with type I cement, which were only 8 days old when the first freeze occurred (vari
ables 4:...5, 4-6, and 4-7), had an average rating of only 1 after 20 cycles of freezing 
and thawing. However, the amount of scaling on the slabs prepared with the expansive 
cement did not increase after this initial scaling. 

It is thought that the poor resistance to scaling after only a few cycles may have been 
due at least in part to the early age of the slabs when the first freeze occurred. To in
vestilfa te this possibility, duplicate slabs wer e prepar ed with concrete containing 7% 
bags/cu yd of concrete . They were moist-cured for 4 days and then stored in labora
tory air for 60 days prior to storage in the exposure area. The first freeze occurred 
several days later. 

These slabs showed some scaling after 10 cycles, although not as severe as the 
original slabs. The average rating at 10 cycles was 2Y2, and at 75 cycles it was 4. 
This would indicate that the short curing period was a factor in the low resistance to 
scaling for the slabs prepared with this cement, but not the entire cause. Apparently, 
there was insufficient restraint of the surface mortar of the concrete slabs prepared 
with expansive cement to produce a scale-resistant surface. 

CONTINUATION OF TESTS 

The tests on these slabs will be continued for at least an additional winter. After 
the application of the deicing salts has been discontinued, cores will be drilled from 
many of the slabs to obtain additional information on the hardened concrete. As pre
viously stated, in most cases duplicate slabs were made on different days for each 
variation. Of the 49 variables for which two or more slabs were prepared, only 8 
showed a variation of more than 2 in the ratings given for the duplicate slabs. A study 
of the hardened concrete may explain some of the differences that occurred in these 8 
cases. 
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