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Laboratory and Field Tests on Concrete 
Sealing Compounds 
J. RYELL and B. CHOJNACKI, Department of Highways, Ontario 

This report describes field and laboratory tests to determine the effects of 
concrete curing compounds, concrete surface-sealing compounds, and 
products described as combined curing and sealing compounds on the re
sistance of air-entrained and non-air-entrained concrete to freezing and 
thawing in the presence of de-icing salts. Emphasis is placed on the per
formance of a boiled linseed oil-kerosene mixture as a surface sealer. 
The report concludes that the performance of sealing compounds applied to 
hardened concrete is not impressive and recommends that the present 
general practice of applying 2 coats of linseed oil-kerosene solution to ex
posed new concrete bridge decks and pavements in Ontario be discontinued. 
The most important single factor in the attainment of durable concrete is 
that the concrete be properly air-entrained. In this respect a vigorous 
policy of ensuring that concrete is air-entrained should be pursued by per
sonnel engaged in concrete quality control in highway work. 

•THE ADOPTION OF AIR-ENTRAINMENT by the Department of Highways, Ontario, 
in the early 1950's reduced, but did not eliminate, the incidence of surface scaling on 
exposed concrete. This initial lack of success with air-entrainment can be attributed 
to a poor specification (3 to 5 percent air) and insufficient control to ensure that the 
placed concrete was air-entrained. Protective coatings were then used as a means of 
preventing or arresting the deterioration of concrete. It seemed logical that if con
crete could be kept dry, and water and de-icing salts could be prevented from entering 
the concrete, it would remain durable. 

A silicone treatment for asphalt-covered concrete bridge decks was initiated in 
1956, but abandoned in 1961 when it was apparent that silicone did not prevent scaling. 
A 2-coat boiled linseed oil-kerosene mixture was tried on concrete pavement in 1959 
and later used for all concrete that might be exposed to de-icing salts. The labora.tory 
and field tests that led to these decisions have been reported previously by Smith (1) 
and Russell (2). The air content specified for structural concrete (¾ in. coarse aggre
gate) was increased to 5 to 7 percent in 1957. 

In spite of these measures, some exposed concrete continued to scale. For ex
ample, a long section of concrete pavement in Ottawa has a very objectionable degree 
of surface deterioration after 9 years. This concrete received an initial 2-coat appli
cation of boiled linseed oil and kerosene. 

In 1962 the department's inspectors were instructed to determine the air content of 
each truckload of concrete to be placed in exposed locations and to reject all concrete 
containing an insufficient volume of air. These measures, and those previously men
tioned, have almost eliminated scaled concrete on present-day department work. As 
an example no significant scaling has occurred on the approximately 2 million sq yd of 
concrete pavement and exposed bridge decks constructed on the Toronto bypass of 
Highway 401 between 1964 and 1969. The field tests described in this report were 
initiated in 1960 when the values of silicones and linseed oil solutions were being in
vestigated, and at a time when epoxy resin coatings were widely recommended for the 
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protection of concrete. The gradual change from wet burlap curing to curing with a 
resin-type white-pigmented compound that took place from 1965 onward raised doubts 
as to whether the linseed oil compound could penetrate into the concrete and effectively 
seal the surface. Surface brushing prior to application of the linseed oil removed 
little of the curing compound film. During this period various chlorinated rubber com
pounds were marketed in Ontario with claims that their application as a curing com
pound provided protection against the penetration of moisture into the matured concrete. 

The laboratory tests described in this report were initiated in 1965 to evaluate the 
effect of a linseed oil treatment on concrete cured with a resin-type curing compound. 
In addition 4 chlorinated rubber compounds were tested to evaluate their efficiency as 
sealing compounds when applied to plastic or hardened concrete. 

MATERIALS TESTED 

The materials tested can be divided into 3 groups depending on their functions, and 
each group into types depending on the material composition. The group and types of 
the materials were as follows: 

1. Concrete curing compounds. Material C-1, used only in the laboratory tests, 
was a white-pigmented hydrocarbon resin-based compound with a mineral spirits-type 
solvent. It was applied to the finished concrete surfaces by spraying immediately 
after the water sheen had disappeared. The rate of application was 200 sq ft/gal. 

2. Concrete curing and sealing compounds. Three white-pigmented chlorinated 
rubber-based materials, CS-1, CS-2, and CS-3, and 1 clear chlorinated rubber-based 
material, CS-4, were included in the laboratory tests only. Compound CS-1 was a 
chlorinated rubber-epoxy mixture. Each material was applied to the finished concrete 
surface by spraying immediately after the water sheen had disappeared. The rate of 
application was 200 sq ft/gal. 

3. Concrete surface-sealing compounds. The boiled linseed oil, S-1, was diluted 
with kerosene in proportions 1: 1 by volume. In the laboratory tests the material was 
sprayed onto the surface of the concrete at an application rate of 375 sq ft/gal for each 
coat. All specimens received 2 coats. In the field tests the material was brushed 
onto the concrete at an application rate of 200 sq ft/gal for the first coat and 260 sq ft/gal 
for the second coat. Field sections wer e treated with 1 or 2 coats. 

The linseed oil emulsions, used only in the laboratory tests, were mixed with water 
in proportions 1:1, S-1-1, or 2:1, S-1-2, by volume. Each material was applied in 
2 coats by spraying at a rate of 375 sq ft/gal for each coat. 

The chlorinated rubber compounds, S-2 clear and S-3 containing a fugitive dye, 
were used only in the laboratory tests. The materials were applied by spray to the 
concrete surface at the rate of 200 sq ft/gal. Compound S-3 was a chlorinated rubber
epoxy mixture. 

The 2 white-pigmented products, CS-1 and CS-3 referred to earlier, were also 
tested in the laboratory as surface-sealing compounds. The application rate was 200 
sq ft/gal. 

The epoxy resin compound S-4 was used only in the field tests. Two coats were 
brushed onto the concrete at the following application rates for each coat: 

Compound 

S-4-0 (no sol vent) 
S-4-1 (epoxy to solvent 2:1 by volume) 
S-4-2 (epoxy to solvent 1:1 by volume) 

Sq Ft/Gal 

104 
192 
292 

The solvent-soluble silicone, S-5, and the water-soluble silicone, S-6, were used 
only in the field tests. The materials were applied by brush at a rate of 167 sq ft/gal 
for each coat. Panels were treated with either 1 or 2 coats. The solvent-soluble 
silicone contained 5 percent solids and the water-soluble silicone 3 percent. 
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LABORATORY TESTS 

The materials tested in the laboratory were evaluated by using 2 types of scaling 
specimens, air-entrained and non-air-entrained concrete, and a number of curing 
procedures (S-1 only). Tables 1, 2, 3, and 4 give the curing procedures, the surface 
treatments, and the scale ratings of the test slabs. 

Concrete Mixes 

Both the air-entrained and non-air-entrained concrete mixes were proportioned to 
have a cement content of 525 ± 10 lb/cu yd of concrete and a slump of 3 ±¼in. The 
air-entrained concrete had an air content of 6 ± ½ percent. Concrete materials were 
a type 1 cement, a ¾-in. crushed dolomitic limestone coarse aggregate, a natural 
fine aggregate, and a vinsol resin air-entraining agent. The concrete was mixed in a 
3½-cu ft rotating drum mixer. 

Fabrication of Specimen Slabs 

Two types of scaling slabs were fabricated. Type A specimens were cast in a 
mold with a granular base to simulate pavement concrete; type B specimens were 
cast on a nonabsorptive base to simulate bridge deck concrete. Eight type B slabs 
were made from mixes LO-20 and LO-21. Four type A and 4 type B (series LO) or 
2 type A and 2 type B (series 100 and 200) were made from other concrete batches. 
Slabs were 9 by 12 by 4 in. (depth) and cast in epoxy-coated plywood molds. 

TABLE 1 

SCALING TEST RESULTS OF CURING COMPOUNDS 

lab Type Sealing 
Day Type of Scale Ratinga by Number of Freeze-Thaw Cycles 

and Type of Com-
Scale Slab 

Number Curing pound 
Test Casting 10 20 30 40 50 75 100 125 150 Started 

AECb 
L0-11-1 C-lc, LA28 None 28th Ad 0.75 1.25 2.25 3.25 3.25 5.00 

Be 1.00 1.50 2.25 3.75 3.75 5.00 
L0-11-2 C-1, LA28 s-1f 28th A 0 0 0 0.50 0.50 1.25 3.25 3.50 4.00 

B 0 0 0 0.75 0.75 1.25 2.75 3.25 4.25 
L0-16-1 C-1, LA28 None 28th A 0 0 0 0 1.00 1.75 2.50 2.75 3.50 

B 0 0 0.25 0.50 0.75 1.25 1.50 1.50 1.75 
L0-16-2g C-1, LA28 S-lf 28th A 0 0 0 0 0.50 1.50 1.75 2.75 3.25 

B 0 0 0.25 0.25 0.25 0.50 0.75 0.75 1.25 
LO-18-1 C-1, LA28 None 28th A 0 0 0 0 0.25 0.25 0.25 0.50 0.50 

B 0 0 0 0 0 0.75 1.50 1.75 2.50 
L0-18-2 C-1, LA28 s-1f 28th A 0 0 0 0.25 0.50 1.00 1.00 1.00 1.50 

B 0 0 0 0 0 0.50 0.75 0.75 0.75 
LO-20-1 C-1, LA28 None 28th A 

B 1.00 2.00 2.50 3.00 3.25 4.00 4.00 4.50 4.50 
L0-20-2 C-1, LA14 None 14th A 

Bh 1.50 2.00 3.50 3.75 4.00 4.00 4.50 4.50 4.50 
L0-20-3 MR34LA25i s-1f 28th A 

B 0 0 0 0 0 1.00 3.50 5.00 
L0-20-4 MR14tLA14 S-lf 28th A 

B 0 0 0 0 0 0.75 1.75 2.75 4.75 
NAECk 

L0-21-1 C-1, LA28 None 28th A 
B 1.50 3.50 5.00 

L0-21-2 C-1, LA14 None 14th A 
B 5.00 

L0-21-3 MR3i-LA25 s-1f 28th A 
Bl 0 0 0 0 0 1.00 5.00 

L0-21-4 MR14tLA14 s-1f 28th A 
B 0 0 0.50 2.00 2.00 5.00 

8The scale ratings shown represent either the average of 2 slabs or, when 9Surfac-a wire-brushed before application of linseed oil-kerosene mixture. 
1 slab ro.achud a r,ndng of 5.0, the rating of the remaining slab. ~One slob rnoched 5.0 at 135 cycles. 

bAir-enuainOO OOl"lcrt!U. 1Curing in moist room at 73 F and approximately 100 percent relative humidity 
cwhlre-ptgmantt"d resin-type curing compound. . for 3 days. 
dslob1 C8.'51 on 18nd bases. lAir dry-1:uring Dl 73 F for 25 days. 
8Slnb:s cast in w~lartight molds. kNon-al r-entrained e.lncrete. 
funured oll-ke,omme mixture. 1one slab reached 5.0 at 70 cycles. 
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SCALING TEST RESULTS OF CURING AND SURFACE SEALING COMPOUNDS 

Slab Type Sealing Day Type of Scale Ratinga by Number of Freeze-Thaw Cycles 
.'.U~d 

Type of 
Com 

Scale Rlnh 

Number Curing pound Test Casting 10 20 30 40 50 75 100 125 150 Started 

AECb 
100 CS-4 LA28 CS-4c 28th Ad 0 0.50 0.50 0.50 0.50 0.75 1.00 1.00 1.25 

Be 0 0.50 0.50 0.50 0.50 0.75 1.00 1.00 1.00 
101 CS-1 LA28 cs-1f 28th A 0 0 2.00 2.50 3.00 3.25 3.25 4.25 4.25 

Bg 0.25 0.25 4.25 4.25 4.50 4.50 4.50 4.50 5.00 
102 CS-2 LA28 cs-zh 28th A 0 0 1.25 2.25 2.75 2.75 3.00 3.50 4.00 

Bg 0 0 1.75 3.25 3.25 3.00 3.00 3.50 4.00 
103 CS-3 LA28 cs-sh 28th A 0 0 0.50 1.00 2.50 2.75 3.00 3 .00 3.25 

B 0 0 0.75 0 .75 2.50 3.00 3.00 3.75 4.25 
199 MR14i+LA14,i None 28th A 0 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

B 0.50 0.75 0.75 0 .'15 
NAECk 

0.75 0.75 0.75 0 .75 0.75 

100N CS-4 LA28 CS-4 28th A 0 0.50 0.50 0.50 0.50 0.50 2.50 3.75 5.00 
B 0,25 3.25 5.00 

101N CS-1 LA28 CS-1 28th A 0.50 0.50 5.00 
--A+ B reached 5 at 25 cycles--B 0 0 5.00 

102N CS-2 LA28 CS-2 28th A 0 2.25 2.75 3.75 5.00 
B 0 4.50 5.00 

103N CS-3 LA28 CS-3 28th A 0 0.50 2.00 2.50 3.50 4.50 5.00 
B 0 0 1.00 1.50 3.00 3.50 3.75 4.50 4.50 

199N MR14+LA14 None 28th A 0,50 0.75 1.50 2.00 4.50 4.50 5.00 
al 0,50 3.00 4.00 4.00 5.00 

Note: On slabs treated with a curing and surface-sealing compound, the product was sprayed onto the surface of the plastic concrete immediately after cessation 
of bleeding, 

8T11e 5C81o r tlno,: ahown represent either the average of 2 slt)bs or, when 9Qne slab U!ilChed 5.0 at 55 cycim;. 
l If.Db reached o nuing of 5.0, the ra1ino of the remaining st~. ~White-plgmemed epoxy chlorfnoted rubber product. 

bAir-1mtralnod concrqtiL 1Curing in moist room at 73 F and approximately 100 percent relative humidity 
cclear chlorinnttd ,ul>ber product. _for 14 days, 
dslabs cast on sand basd:s. 1Alt dry-curing tJl 73 F for 14 days. 
eslobr can in watertight molds. kNan,i.'lir-entrairiod concrete. 
fwhita-plgmented epoxy chlorinated rubber product. 1one slab reached 5.0 at 35 cycles. 

TABLE 3 

SCALING TEST RESULTS OF SURFACE SEALING COMPOUNDS-BOILED LINSEED OIL 

Slab Type Sealing Day Type of Scale Rating by Number of Freeze-Thaw Cycles 
and Type of Com- Scale Slab 

Number 
Curing pound Test Casting 10 20 30 40 50 75 100 125 150 

Started 

AEca 
Ab L0-1-1 MR3+LA25 None 28th 1.25 1.25 1.75 1.75 1.75 1.75 2.25 2.25 2.50 
ac 0.50 0 .50 1.50 1.50 1.50 1.50 1.75 l.75 2.00 

L0-1-2 MR3+LA25 S-1 d 28th A 0 0 0 0.50 1.00 1.75 2.50 2.50 3.00 
B 0 0 0.50 0.50 1.75 3.00 3.00 3.25 3.25 

L0-2-1 PF3e+LA2 None 5th A 1.00 1.00 1.25 1.50 1.75 1.75 1.75 2.00 2.00 
B 0.50 0.75 1.50 1.75 2.00 2.00 2.00 2.00 2.00 

LO-2-2 PF3+LA2 s-11 5th A 0 0 0 0.25 0.50 1.00 3.00 4.00 4.00 
B 0 0 0.50 1.00 1.00 1.25 4.00 4.50 4.50 

L0-3-1 PF7+LA2 None 9th A 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 1.00 
B 0.75 1.00 1.25 1.75 2.25 2.25 2.50 2.75 2.75 

L0-3-2 PF7+LA2 S-lg 9th A 0 0 0 0 0 0 .25 0.75 1.50 1.75 
B 0 0.25 0.25 0.50 1.00 1.50 2.50 3.50 3.50 

L0-4-1 MR14+LA14 None 28th A 0.25 0.75 0.75 0.75 0.75 0.75 0.75 1.00 1.00 
B 0.25 0.75 0.75 0.75 0.75 1.00 1.00 1.00 1.00 

LO-4-2 MR14+LA14 S-lh 28th A 0 0 0 0 0 0 0.50 0.50 0.50 
B 0 0 0 0 0 0 0 0.25 0,50 

L0-5-1 MR14+LA14 S-li 28th A 0 0 0 0 0 0 0.50 l.00 1.00 
B 0 0 0 0 0 0 0.25 0.50 0.75 

L0-5-2 MR14+LA14 S-li 28th A 0 0 0 0 0 0.75 1.75 1.75 2.00 
B 0 0 0 0 0 1.25 2.50 2.50 2.50 

L0-13 MRJk+LA251 S-ld 28th A 0 0 0.25 0.25 1.25 2.25 3.00 3.25 3.25 
B 0 0 0.50 0.50 0.75 1.25 2.00 3.50 3.75 

L0-14 MR3+LA25 S-1-ld 28th A 0 0 0,50 0.75 2.00 2.50 2.50 2.50 2.50 
B 0 0 0.25 0.75 1.25 1.75 2.00 2.00 2.00 

LO-15 MR3+LA25 s-1-zd 28th A 0 0 0.50 0.50 0.50 2.75 2.75 2.75 2.75 
B 0 0 0.50 0.50 1.25 2.25 2.50 2.75 2.75 

a_/1ir-'!n~~in~ rnnrrPtP 9Applied on 7th and 8th day after slab fabrication. 
bslabs cast on sand bases. ~Applied 3 and 27 hr after removal from moist room. 
cslabs cast in watertight mc,tdt , 1Applied on 15th and 16th day after slab fabrication. 
dApplied on 21st and 22rn-l d.n.y after slab fabrication . jAppUod on 16th ortd 171t'i d11y tt1u1t .1!11b fabrication. 
ecuring with a polyothylene film at 73 F for 3 d~V&, kcuring in m0iJ.l room ac 73 F and opproximately 100 percent relative humidity for 3 days. 
fApJ>lied on 3rd and 4th day after slab fabrication. 1Alr dry,curing ot 73 F for 26 d~v,.. 
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TABLE 4 

SCALING TEST RESULTS OF SURFACE SEALING COMPOUNDS-OTHER THAN BOILED LINSEED OIL 

Slab Type Sealing 
Day Type of Scale Ratinga by Number of Freeze-Thaw Cycles 

and 
Type of Com-

Scale Slab 
Number 

Curing pound 
Test Casting 10 20 30 40 50 75 100 125 150 

started 

AECb 
MR14c+LA14d Af 200 s-2e 28th 0 0 0.25 0.50 0.50 0.50 0.50 0 .75 1.25 

Bg 0 0 0.75 1.00 1.00 1.25 1.50 1.50 2.00 
201 MR14+LA14 cs-th 28th A 0 0 0 0 0 0.50 0.50 0.50 1.50 

B 0 0 0 0 0 0.50 0.50 0.50 1.25 
203 MR14+LA14 cs-3i 28th A 0 0 0 0.50 0.50 0.50 0.50 0.50 0.75 

B 0 0 0 0 0 0.50 0.50 0.50 1.25 
204 MR14+LA14 S-3i 28th A 0.25 0.25 0 .25 0.25 0 .25 0.25 0.25 0 .25 0.25 

B 0.50 0.50 0 .50 0.50 1.00 1.00 1.00 1.25 1.75 
299 MR14+LA14 None 28th A 0.75 0.75 0.75 0.75 0 .75 0.75 1.00 1.00 1.75 

B 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.25 1.50 
NAECk 

Al 200N MR14+LA14 S-2 28th 0 .50 1.25 2.75 4.00 4.00 5.00 
B 0 0.75 3.00 4.75 5.00 

201N MR14+LA14 CS-1 28th A 0 5.00 
Bm 0 4.25 4.50 5.00 

203N MR14+LA14 CS-3 28th A 0 1.75 1.75 5.00 
B 0 1.50 3.75 5.00 

204N MR14+LA14 S-3 28th A 0 .75 3.00 3.50 5.00 
B 3.50 5.00 

299N MR14+LA14 None 28th A 2.50 5.00 
B 2.75 5.00 

Note: On slabs treated with a surface-sealing compound, the product was sprayed onto the surface of the hardened concrete 1 day after removal of the slabs 
from the moist room, 

3The scale ratings shown represent either the average of 2 slabs or, when a slab reached a 9Slabs cast in watertight molds. 
rating of 5.0, tho rating of the remaining slab. ~Whitc-p[gmented epoxy chlorinated rubber product, 

bAir-entrained concret ~White-pigmented chlorinated rubber product. 
ccuring in moist room at 73 F and approximately 100 percent relative humidity for 14 days. JEpo:icv chlorinated rubber proquct with red fugitive dye. 
dAir dry-curing at 73 F for 14 dnys:. kNon-olr-entrained cioncn;1te. 
~Clear chlorinated rubber product. 1one slab reached 5,0 at 40 cycles. 
<ilabs cast on sand bases. mane slab reached 5.0 at 20 cycles. 

Each specimen was cast by filling the mold with concrete and compacting with 75 
strokes of a %-in. standard tamping rod. Excess concrete was removed and the sur
face leveled with 2 passes of a 1-in. wide screed using a sawing motion. Immediately 
after the water sheen disappeared, the surface was burlap dragged (1 pass). The type 
of curing is given in Tables 1, 2, 3, and 4. 

Application of the Compounds 

If a curing or a curing and sealing compound, was to be applied, a groove was made 
around the edges of the slab, and it was sealed with a wax immediately following the 
burlap dragging. The curing and the curing and sealing compounds were applied soon 
after the burlap dragging operation. The times the sealing compounds were applied 
are given in Tables 1, 2, 3, and 4. 

Demolding of the Specimens 

Each slab was demolded the day before the scaling test was started and a 1 by 1 in. 
epoxy mortar dike was cast around the edges to retain the sodium chloride solution. 
After the dike was made, the slab was left at normal laboratory air conditions for 
approximately 24 hours. 

Scaling Test 

The day after the dike was cast the sµrface of the slabs was flooded with a 3 per
cent sodium chloride solution to a depth of ½ in. and freeze-thaw cycling was started. 
The freeze-thaw cycle was obtained by placing the slabs in a walk-in cold room at -10 F 
overnight and thawing them the next day at normal laboratory air temperature. After 
each 5 cycles, the slabs were washed and the solution was replaced. 
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The progress of scaling was observed after each 5 freeze-thaw cycles by visually 
comparing Uit:? ~ca.J.1ng of the test olabo wlth lhc tH.:allng of stands.rd alab:;L The atandard 
slabs had scale ratings of O to 5 as follows: 

Condition 

No scale 
Scattered spots of light scale without exposure of 

the coarse aggregate 
Light scale over most of the surface with several 

spots slightly exposing coarse aggregate 
Scattered spots of moderately deep scale with exposure 

of the coarse aggregate 
Moderately deep scale over the entire surface 
Deep scale over the entire surface 

0 

1 

2 

3 
4 
5 

The test was discontinued after 150 freeze-thaw cycles or when the slab reached a 
scale rating of 5 whichever occurred first. After exposure to 150 freeze-thaw cycles, 
slabs LO-1 to LO-5, untreated or treated with linseed oil, were drained of salt solu
tion and stored dry at normal laboratory air conditions for 15 days. During this period, 
one of the type A and one of the type B of the untreated and of the linseed oil-treated 
slabs were treated with 2 coats of linseed oil (seventh and eighth day). Seven days 
after the new treatment, all the slabs were exposed to further scaling tests for a total 
of 300 cycles. 

LABORATORY TEST RESULTS AND DISCUSSION 

The test results are given in Tables 1 through 4 and are shown in Figures 1, 2, and 
3, separately for each group of materials. Each figure in the tables represents an 
average scale rating of 2 slabs. Slabs with the same general identification, e.g., LO-
11-1 and LO-11-2, were made from the same batch of concrete. 

Type of Specimen 

The difference in scaling between the type A and type B slabs was analyzed at 50 and 
at 150 cycles. In both cases the A slabs cast on the sand bases generally scaled slightly 
less than the B slabs cast in watertight bases. This is in agreement with the test re
sults obtained by Timms (~). 

Curing Compounds 

This series of tests was designed to measure the effect of a linseed oil treatment on 
air-entrained specimens cured with a white-pigmented curing compound. :Additional 

A SLABS 

, .. 
MR 1•• l A 14 
UNllfAUD 

100 cs-, , 

"''' 

O'-'..._,.; _ _.___. _ _,___..____.__.....____. 
20 40 60 ao 100 120 uo 160 

NUMBER O F FREEZE· THAW CYCLES 

20 40 60 ao 
NUMBER Of FREEZE-THAW CYCLES 

I FOR TEST DETAILS REFER TO TABLE 2 } 

160 

Figure 1. Effect of curing and surface-sealing compounds on the scaling resistance of 
air-entrained concretf:! 
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Figure 2. Effect of surface-sealing compounds (boiled linseed oil) on the scaling resistance of 
air-entrained concrete. 
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Figure 3. Effect of surface-sealing compounds (other than boiled linseed oil) on the 
scaling resistance of air-entrained concrete. 
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tests were carried out to compare the durability of untreated specimens cured with a 
curing compound with the durabiiity oi moist-cured, iinseed-oii treated siabs on both 
air-entrained and non-air-entrained concrete. 

In general on air-entrained concrete, it was observed that the curing compound film 
had peeled from the surface of the specimens after exposure to 10 to 40 freeze-thaw 
cycles. Slabs treated with the boiled linseed oil-kerosene mixture retained the film 
for a somewhat greater number of freeze-thaw cycles than the untreated slabs. The 
boiled linseed oil-kerosene mixture retarded the progress of scaling; at 50 cycles the 
treated concrete had a lower scale rating than the untreated concrete. This reduction 
in scaling was due to a higher resistance of the curing membrane to peeling rather 
than to the penetration of the concrete by the boiled linseed oil-kerosene mixture. 
During application of the boiled linseed oil-kerosene mixture, it was observed that the 
film of the curing compound softened somewhat and hardened again after evaporation of 
the solvent. It is thought that this change in character of the protective film is re
sponsible for the improved resistance to salt scaling. Visual observations of cut sec
tions of slabs, treated with linseed oil, indicated that the solution did not penetrate 
through the film of the curing compound into the concrete. 

Moderate wire-brushing of the membrane-cured surface prior to application of the 
linseed oil in specimens LO-16-2 did not remove the membrane from the low spots, 
and it is unlikely that much penetration of linseed oil into the concrete was achieved. 
A comparison of the 4 sets of the LO-20 slabs shows that linseed oil-treated, moist
cured specimens had a much better scale resistance after 50 cycles than the membrane
cured concrete. The durability of these sets of specimens after 150 cycles, however, 
was very similar. 

Non-air-entrained specimens (LO-21) also show that the untreated membrane-cured 
concrete has a much lower durability at 50 cycles than the boiled linseed oil-kerosene 
treated, moist-cured concrete. However, once scaling commenced on the treated 
specimens, the concrete surfaces deteriorated at a high rate. 

Curing and Surface-Sealing Compounds 

Each of the 3 white-pigmented curing and sealing compounds, CS-1, CS-2, and 
CS-3, started to peel from the slabs after exposure to approximately 5 cycles (Table 
2 and Fig. 1). In most cases, the membrane completely peeled from the slabs at ap
proximately 25 cycles. Figure 1 shows that at 50 as well as at 150 cycles all the air
entrained concrete slabs (101, 102, and 103) cured with the white-pigmented materials 
(CS-1, CS-2, and CS-3) had a much higher scale rating than the moist-cured concrete 
(199) and the concrete (100) cured with a clear curing and sealing compound (CS-4). 

The non-air-entrained concrete slabs (lO0N) of type A cured with the clear curing 
and sealing compound (CS- 4) had a considerably lower initial scaling than the slabs 
cured moist or with the white-pigmented compounds. The slabs cured with the white
pigmented compounds and the moist-cured slabs (101N, 102N, 103N, and 199N) had 
little scaling up to 20 cycles; after 20 cycles the scaling progressed at a high rate. 
Type B slabs scaled rapidly after approximately 10 cycles. 

The curing and sealing compound film protects the concrete against scaling as long 
as it remains in an unbroken state on the surface of the concrete. Because the com
pound is applied when the concrete is saturated surface dry, it does not penetrate the 
concrete. It forms a film on the surface of the concrete, and once this film is broken 
and peels the protection is lost. The variation in the scaling of the slabs is at least 
partially due to the variation in the number of cycles at which the film peels off. 

Surface-Sealing Compounds 

The boiled linseed oil-kerosene treatment of the concrete surfaces had a retarding 
effect on the progress of scaling up to approximately 75 cycles (Table 3 and Fig. 2). 
After this number of freeze-thaw cycles, the untreated specimens with some exceptions 
(LO-4-2 and LO-5-1) scaled less than the treated specimens regardless of the type of 
slahs or the method of curing, 
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Slabs LO-4-2, which received a 14-day moist-curing and a linseed oil treatment 3 
and 27 hr after removal from the moist room, exhibited a very high durability and had 
little scaling at 150 freeze-thaw cycles. This suggests that the moisture content of 
the concrete at the time the linseed oil is applied has an important effect on the scale 
resistance of the concrete and that a long period of drying out of the concrete prior to 
the application of the sealer may not be beneficial to concrete durability. Snyder's 
work leads to a similar conclusion (4). 

The untreated control slabs, regardless of curing condition or age at commence
ment of test, had relatively good resistance to scaling; specimens cured in the moist 
room or under polyethylene film for 7 days or longer had a higher durability than slabs 
with a short curing period (3 days). A similar order of performance can be observed 
for the linseed oil-treated slabs. On non-air-entrained concrete using 2 curing pro
cedures, the linseed oil treatment postponed concrete scaling for 20 or 50 cycles, but 
after that time the slabs scaled very rapidly. 

The 2 linseed oil emulsions evaluated in a brief test program had an effect on the 
scale resistance of air-entrained concrete generally similar to that of the linseed oil
kerosene mixture (LO-13 to LO-15). 

Slabs in the series L0-1 to LO-5 with an initial linseed oil treatment generally 
benefited from retreatment at 150 freeze-thaw cycles, whereas slabs without an initial 
treatment showed apparently no benefit from being treated at 150 cycles. However, 
the maximum increase in the scale rating of the originally treated slabs, between 150 
and 300 cycles, was 2.5 in contrast to the maximum increase in the scale rating of the 
originally untreated slabs of only O. 5. 

Figure 3 shows that the effect of chlorinated rubber surface sealers on the resistance 
of air-entrained concrete to scaling was negligible. Both the untreated and treated 
slabs had good durability, and little difference in scaling at 150 cycles is evident. 
Some products delayed the start of scaling for up to 50 cycles. 

The chlorinated rubber products had little effect on the resistance to scaling of the 
.on-air-entrained concrete. Both treated and untreated slabs scaled rapidly. It is 
interesting to compare the effect of the 3 chlorinated rubber products when tested 
as curing and sealing compounds and tested as sealing compounds only (Figs. 1 and 3). 
The 2 white-pigmented products (CS-1 and CS-3) performed much better when applied 
to the hardened concrete as a sealing compound. The clear product (CS-4 and S-2) had 
a similar effect on the scaling resistance of the concrete for the 2 applications. In the 
case of the white-pigmented products, it is thought that the penetration of the chlori
nated rubber into the surface of the hardened concrete resulted in a more durable pro
tective membrane. 

FIELD TESTS 

The field tests were carried out on a 2 ,200-ft length of curb and gutter section of 
the Queen Elizabeth Way near Bronte, Ontario. The curb and gutter form part of the 
boulevard on the 6-lane section of the controlled-access highway. Part of the test 
area is located on the structure crossing Bronte Creek, and the remainder is on the 
east approach to the bridge. The northwest and southeast curb and gutter on the struc
ture and the northwest curb and gutter on the approach form the test area. This sec
tion of the Queen Elizabeth Way has an annual average daily traffic (AADT) volume of 
38,900 vehicles and receives many salt applications each winter to maintain a bare 
pavement. 

The test section consists of 102 panels of bridge curb and gutter and 100 panels of 
pavement curb and gutter. Sealing compounds were applied to 157 panels, and 45 
panels formed the untreated control sections. Products S-1, S-4, S-5, and S-6 were 
applied to the pavement section; and products S-1, S-5, and S-6 were applied to the 
bridge section (Table 5). Panels for each product and control panels were laid out 
consecutively along the test section. 

After each winter the test area was inspected and each panel rated by using the 
same system as used in the laboratory tests. Photographs of the standard slabs were 
"<,ed in the field inspection; in rating the panels no reference was made to previous 
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TABLE 5 

SEALING COMPOUNDS USED IN FIELD TESTS 

Number of Test Panels in 

Sealing Number Location Indicated 
Product Description of Compound 

Coats Pavement Bridge 
C andG C andG Total 

S-1 Boiled linseed oil-kerosene mixture 1 or 6 20 26 
2 13 6 19 

S-4-0 Epoxy resin, no solvent 2. 4 4 
S-4-1 Epoxy resin, 33 percent solvent 2 7 7 
S-4-2 Epoxy resin, 50 percent solvent 2 8 25 
S-5 5 percent solvent-soluble silicone 1 or 20 20 

2. 19 6 25 
S-6 3 percent water-soluble silicone 1 or 1B 18 

2 20 6 26 

Control untreated panels 18 26 44 

Note: The 4 sealing compounds were applied, in addition, to a short section of non-air-entrained pavement curb and gutter, 1 
panel for each sealer, 

observations. The average scale ratings of the treated and untreated panels are given 
in Table 6 and shown in Figure 4. 

Construction Details 

The concrete sections were cast between September 17 and November 3, 1960, as 
part of a normal department construction contract. Concrete was supplied from a 
ready-mixed plant (10 miles from the job site) to the following specification: cement 
content, 525 lb/cu yd; maximum slump, 2¼ in .; air content, 6 ± 1 percent; and lignin 
water reducing admixture ¼ lb/87½ lb of cement. The admixture and air-entraining 
agents were intentionally omitted from one load of concrete to produce a 60-ft section 
of non-air-entrained concrete on the pavement section of the test area. The concrete 
was cured with 2 layers of burlap that was kept wet for a period of 4 days after place
ment of the concrete. 

Application of Sealing Compounds 

The sealing compounds were applied to the concrete on October 29, November 14, 
and November 16, 1960. The average air temperature during the period of application 
on these 3 days was 60, 55, and 55 F respectively. 

The concrete in the bridge curb and gutter section was 31 or 32 days old, and the 
concrete in the pavement curb and gutter section was 11 to 46 days old at the time of 
application of the sealing compounds. The concrete surface was clean and dry. With 
the exception of the linseed oil-kerosene solution (S-1), the materials dried rapidly 
and the second coat, where specified, was applied the same day. Table 5 gives the 
number of panels and the number of coatings for each of the sealing compounds. 

TABLE 6 

SUMMARY OF SCALE RATINGS IN FIELD TESTS 

Locationa Sealing 
Compound 

P and Bb None 
P and B S-1 
P and B S-6 
PandB S-5 
P S-4 

All Panela 

Product Description 

Linseed oil-kerosene mixture 
3 percent water-soluble silicone 
5 percent solvent-soluble silicone 
Epoxy resin 

No. of 
Coate 

None 
1 and 2 
1 and 2 
1 and 2 
2 

Note: Non-air-entrained concrete section not included. 

8P and B = pavement and bridge; P = pavement only. buntreated control sections. 

No. of 
Panela 

44 
45 
44 
45 
19 

197 

Average Scale Rating 

2 Years 5 .Years 7 Years 

1.0 1.1 1.5 
0.7 1.6 2.4 
0.7 0.9 1.4 
0.8 1.1 1.7 
0.8 0.7 1.0 

0.8 1.1 1.7 



Tests on Concrete Cores 

In 1965, eleven 6-in. diameter cores 
were drilled from the test section. The 
surface of each core was ground and 
polished, and the parameters of the air 
void system were determined by using 
linear traverse and modified point count 
techniques (ASTM C 457). With the ex
ception of the purposely non-air
entrained concrete, and 1 core taken 
from the pavement curb and gutter, the 
concrete in the test section appeared to 
contain an adequate system of air voids 
for high freeze-thaw durability. 

FIELD TEST RESULTS AND 
DISCUSSION 

The average scale rating of the 197 
panels (purposely non-air-entrained 
concrete not included) was as follows: 

~: 

UNTREATED (i44) PANELS 

5"/.SSSILICONE (44) PANELS 

LINSEED OIL & KEROSENE (45) PANELS 

3"/. W.S SILICONE (44) M.NELS 

EPOXY RESIN ( 19) PANELS 

TIME IN YEARS 
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Figure 4. Field test performance of treated and untreated 
air-entrained sections (average ratings plotted). 

after 2 years, 0.8; after 5 years, 1. l; and after 7 years, 1.7. Thus, in general, the 
concrete in the test sections had excellent durability. The average type of deteriora
tion, i.e., a light scaling over part or all of the test panels, is in fact loss of a thin 
skin of surface laitance that must be accepted as normal for site-cast concrete subject 
to freeze-thaw conditions with de-icing salts on the surface. 

The absence of large differences between the durability of the various test sections 
"'t'ecludes any dramatic evidence of good or bad performance of the sealing materials. 

1e untreated control panels generally performed well, pointing again to the very ade
quate performance of quality entrained concrete. 

Some trends in performance of the 4 surface sealers are evident and these are 
discussed. 

Effect of Location 

It is known that concrete in a bridge deck slab has a more severe exposure condi
tion than concrete in a pavement because the deck slab can freeze from both sides. 
During precipitation at low temperatures ice may form on a bridge deck earlier than 
it forms on the adjacent pavement. 

The most severe concrete deterioration to the curb and gutter occurred at the west 
end of the bridge where in a length of 300 ft, 16 of 24 panels were rated 3 or higher 
after 7 years. Tests on a core taken from a panel with a rating of 4.5 indicate that 
the concrete below the scaled surface was adequately air-entrained. The relatively 
poor performance of this section of concrete is attributed to loss of air in the near
surface portion of the concrete curb and gutter. Variations in concrete finishing 
techniques such as overworking of a nonplastic surface with water sprinkled onto the 
concrete might account for such loss of air. 

The average ratings of the untreated panels, the panels treated with the linseed 
oil-kerosene mixture, and the panels treated with the 2 silicones, indicate no signif
icant difference in the performance of concrete curb and gutter on the bridge and 
adjacent to the pavement. 

Effect of Linseed Oil-Kerosene (S-1) 

When compared with the untreated control concrete, the concrete treated with lin
seed oil generally had marginally increased durability up to 2 years and significantly 
decreased durability at 7 years. The reduced durability of the linseed oil-treated con
crete after 7 years will not in all probability affect the service life of the concrete; 
'h,,t, as the data show, an initial 2-coat application of the material is not efficient as a 
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permanent surface sealer. The data indicate little difference in the performance of 
concrete on the bridge or on the pavement sections, or of concrete treated with 1 coat 
or 2 coats of linseed oil-kerosene mixture. 

Effect of 5 Percent Solvent-Soluble Silicone (S-5) 

The silicone sealer had no significant effect on the durability of the concretes and, 
in general, silicone-treated concrete performed in a similar way to the untreated 
control concrete. Two coats of silicone did not produce a more durable concrete than 
1 coat. 

Effect of 3 Percent Water-Soluble Silicone (S-6) 

Regardless of location or number of coats of silicone applied, there appeared to be 
no significant difference between the durability of silicone-treated concrete and the 
durability of the untreated control concrete. 

Effect of Epoxy Resin (S-4) 

The thin film of epoxy resin that remained on the surface of the concrete after appli
cation quickly deteriorated, and after 7 years of exposure there is little evidence of the 
epoxy film. 

The epoxy resin coating appeared to have a slight beneficial effect on the durability 
of the concrete, and the average 7-year scale rating of 1 is the lowest scale rating of 
any of the test sections. The scale rating of the epoxy-treated concrete decreased 
slightly between 2 and 5 years (Table 6). This is indicative of the limitations of a 
visual scale rating system and not a reflection of actual performance of the concrete. 

After 7 years of exposure, concrete treated with undiluted epoxy (4 panels only) 
exhibited almost no surface scaling, and more than half of all the epoxy-treated panels 
had a rating of less than 1. It should be noted that there are no epoxy-treated panels 
on the bridge curb and gutter section. 

Non-Air-Entrained Concrete 

After 7 years of exposure the 5 panels of non-air-entrained concrete on the pavement 
section of the curb and gutter exhibit significant deterioration. None of the 4 sealers 
applied to this concrete (S-1, S-4, S-5, and S-6) had a beneficial effect on durability. 
The degree of surface scaling on this concrete, although not yet a reason for replacing 
the curb and gutter section, would be highly objectionable on an exposed bridge deck 
or concrete pavement. 

CONCLUSIONS 

The field and laboratory tests warrant the following conclusions : 

Untreated Concrete 

1. Untreated moist-cured, air-entrained concrete generally has excellent 
durability. 

2. Untreated non-air-entrained concrete has poor durability. 

Curing Compounds 

3. Air-entrained concrete cured with a resin-type white-pigmented curing com
pound has a lower durability than moist-cured concrete. 

4. The application of a linseed oil-kerosene mixture to concrete cured with the 
resin-type curing compound will postpone the start of surface scaling. 

Curing and Surface-Sealing Compounds 

5. There is considerable variation in the performance of the combined curing a.TJ.d 
sealing compounds. Air-entrained concrete treated with the clear chlorinated rubber 
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product has excellent durability; concrete treated with the white-pigmented chlorinated 
rubber products has a significantly lower durability than untreated moist-cured 
concrete. 

Surface Sealing Compounds 

6. An initial application of a linseed oil-kerosene treatment to moist-cured air
entrained concrete will reduce the surface scaling during the early life of the concrete 
but results in a small increase in scaling at later ages . 

7. Retreatment of scaled concrete with a linseed oil-kerosene mixture has a 
beneficial effect on concrete durability. 

8. There is no significant difference between the performance of an emulsion
type linseed oil and that of a boiled linseed oil-kerosene mixture. 

9. The 2 silicone sealers, evaluated only in the field tests, have no significant 
effect on concrete durability. 

10. The epoxy resin sealer, evaluated only in the field tests, has a beneficial effect 
on concrete durability when applied undiluted in 2 coats . 

11. Chlorinated rubber sealing compounds applied to moist-cured air-entrained 
concrete delayed the start of scaling and in most cases resulted in some improvement 
in durability throughout the test. 

12 . In most cases the sealing compounds tested delayed the start of scaling on 
non-air-entrained concrete . The initial application of a sealing compound on non-air
entrained concrete did not, in any test, result in permanently durable concrete. 

EFFECTS OF TRAFFIC WEAR AND CONCRETE SURFACE TEXTURE 

Two factors not present in either the laboratory or the field tests must be taken 
into account when the test data are considered so that a fair assessment can be made 
" ll the value of the sealing compounds when applied to concrete pavements and bridge 
eeks. These factors are the effect of traffic wear on the life of the sealing compound 

and the effect of the standard Ontario wire-broom surface texture on the uniformity of 
penetration of sealing compounds. 

Traffic Wear 

The wear from normal rubber-tired traffic rapidly removes the film of white
pigmented resin curing compound from the surface of the hardened concrete, and it 
must be assumed that chlorinated rubber compounds will perform no better. Thus 
any compound applied initially as a curing compound to the plastic concrete and having 
no penetration into the concrete cannot be considered as acting as an efficient sealing 
material once traffic uses the pavement. This factor would also negate the improve
ment that a linseed oil treatment produced on membrane-cured concrete in the· labora
tory tests because traffic would quickly remove this "resealed" membrane. 

The relatively new problem of wear due to studded tires (5) must also be considered 
because not only will a surface membrane be very rapidly destroyed but the depth of 
wear in the wheel tracks during 1 winter will equal or exceed the penetration depth of 
a linseed oil solution, which according to Stewart and Shaffer (6) is absorbed to less 
than 0 .01 in. -

Concrete Surface Texture 

The \vire -broom texturing oper ation currently used on concrete pavement and ex= 
posed bridge deck construction i n Ontario pr oduces closely s paced grooves 1/8 to 3

/ 16 in. 
in depth. A low viscosity sealing compound such as linseed oil applied to such a sur
face cannot produce uniform penetration of the concrete. Most of the solution will 
rapidly drain into the grooves resulting in greater penetration there but with less 
sealer and thus less penetration on the ridges of the pavement. 
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REAPPLICATION OF SEALING COMPOUNDS 

There is evidence from this and other studies that frequent reapplication of sealing 
compounds may be more effective than only an initial application. Although some 
testing in this project was concerned with reapplication, it has not been generally con
sidered in the study because of the unacceptable procedure of closing busy urban 
streets and highways for the time necessary to clean the pavement, apply the sealing 
compounds, and allow the pavement surface to dry. 

RECOMMENDATIONS 

Based on this study, the following recommendations are made regarding the control 
of air-entrainment, the curing of concrete, and the use of concrete sealing compounds 
on pavement and bridge deck construction in Ontario. 

1. The most important single factor in the attainment of durable concrete is that 
the concrete be properly air-entrained. In this respect a vigorous policy of ensuring 
that concrete is properly air-entrained should be pursued by personnel engaged in 
quality control work. 

2. The use of white-pigmented curing compounds as an alternative to wet burlap 
curing should be continued. Although the laboratory tests indicate that membrane
cured concrete is less durable than moist-cured concrete field experience shows that 
its scale resistance is adequate. 

3. The department's present practice of applying 2 coats of linseed oil-kerosene 
mixture to exposed new construction, i.e., bridge decks and pavements, should be 
discontinued. 

4. The ineffective chlorinated rubber-based curing and sealing products should 
not be used. 

5. Where concrete develops surface scaling during service, it should be treated 
annually with a low-cost sealing material such as linseed oil. Where the distressed 
concrete is not a traveled pavement surface, for example the top of a bridge pier, 
2-coat treatment of epoxy resin is preferable. 
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Discussion 
C. E. MORRIS, National Flaxseed Processors Association-The authors state that the 
reduction in scaling of test slabs treated with boiled linseed oil-kerosene mixture was 
due to the higher resistance of the treated curing membrane to peeling. There appear 
to be no data substantiating this conclusion. 

It is also stated that visual observations of cut sections of slabs of concrete treated 
with linseed oil indicate that the solution did not penetrate through the film of the c· ,g 
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compound into the concrete. It is agreed that penetration of concrete by linseed oil 
solutions is difficult to detect by ordinary visual observations. Gast, Kubie, and 
Cowan reported at the 1970 meeting of the HRB Committee on Curing of Concrete that 
a technique has been developed for measuring precisely the penetration of linseed oil 
into concrete. They show that penetrations of 1 to 3 mm are accomplished into blocks 
cured either with polyethylene sheeting or with resin-based or wax-based liquid 
membrane-forming commercial curing compounds when the oil is applied as a 50/50 
mixture by volume of boiled linseed oil and mineral spirits. 

Mineral spirits is a much preferred solvent to kerosene because its properties are 
defined by ASTM, AASHO, and U.S. Government specifications. Kerosene, on the 
other hand, is less precisely defined and may also contain greasy residues. Hence, 
it is probable that much better penetrations will be achieved without a tendency to 
form a varnish-like coating if proper application rates and procedures are observed. 

The formation of a varnish-like coating on the surface may well be the cause of 
nonpenetration. This varnish layer tends to peel off the surface as it weathers, taking 
with it a thin layer of mortar sufficient to affect the scale rating. Moreover, the 
scaled areas are then exposed to subsequent attacks by de-icing salts. 

The authors agree that reapplication would be effective in preventing the onset of 
scaling but state that the "unacceptable" procedure of closing busy streets and highways 
makes the procedure unfeasible. It should be pointed out that experience has shown 
that regular applications are highly beneficial when performed on a regular schedule. 
The recommended procedure is the application of 1 single coat 1 year (50-100 freeze
thaw cycles) after the initial application of a 50/50 mixture of boiled linseed oil and 
mineral spirits at the rate of 225 sq ft/gal. Subsequent coats should be applied at 2-
to 3-year intervals depending on the severity of conditions. By proper scheduling 
during the warm season of the year, it is possible to apply the coating to 1 lane at a 
time, and the lane need be closed for not more than 4 hours during the period of rel-
~ u vely light traffic. In most cases drying will occur well within this time and, in 

.e cases where it does not, the judicious application of silica sand will obviate any 
skidding or safety hazard. 

A point should also be made of the rate of application reported. The quantities 
used are about double those presently recommended. These heavy applications may 
well be the cause of the varnishing and nonpenetration reported in this study. 

J. RYELL and B. CHOJNACKI, Closure-The first point made by Mr. Morris con
cerns the effect of a linseed oil treatment on concrete cured with a membrane com
pound. In the report we have stated that the linseed oil softened the hardened mem
brane film somewhat, and it is suggested that this change in the character of the 
membrane was responsible for the improved resistance to scaling. In any case the 
membrane treated with linseed oil resisted the process of disintegration or "peeling," 
as we have called it, better than the untreated membrane-cured concrete. This longer 
life of the treated membrane is not specifically shown in the tables; its effect is evident 
from the performance of the salt scaling slabs. 

Mr. Morris refers to a committee report of Gast, Kubie, and Cowan that indicates 
penetration of linseed oil through a film of membrane-curing compound. Subsequent 
discussion among the authors and another investigator appears to confirm this. We 
look forward to publication of the work by Gast, Kubie, and Cowan; it should add much 
to our knowledge of the effect of membranes on the durability of concrete. 

It is suggested by Mr. Morris that mineral spirits are a much preferred solvent 
to kerosene because apparently kerosene may contain greasy residue that produces a 
varnish-like coating to the concrete. The problems of greasy residues or varnish
like coatings have not occurred in Ontario, and we doubt very much that substitution 
of mineral spirits for kerosene in our tests would have increased the penetration of 
linseed oil, or affected the durability of the concrete in any significant way. 
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The statement in the report covering the "unacceptable" procedure of closing busy 
streets and hig;hway:s fur U1e reappll(;atloii of llii:seed oll i:s cerlai.iily a debatable one. 
In any case, each highway authority will decide for itself just what is unacceptable. 
The authors doubt that much will be accomplished in closing a highway for 4 hours. 
Under most conditions the total operation-arranging traffic control, applying the seal
ing compound, drying out, and removing signs and barricades-for a sufficient length 
of highway to make the application an economical one will occupy a full worldng day. 
The authors do not agree that application of silica sand to a linseed oil treatment that 
has not dried will obviate slddding. For modern high-speed traffic, it almost certainly 
will not. 

In the last paragraph of the discussion, Mr. Morris refers to "varnishing and non
penetration reported in this study." We wish to point out that no such phenomena were 
reported. We agree that the application rate of linseed oil in the field trials was 
much heavier than is now commonly recommended. In 1960 there was less information 
on the optimum application rate of linseed oil, and the material was brushed onto the 
concrete in an amount consistent with what it would take. The application rate did not 
appear overgenerous. In any case it is difficult to imagine how a heavy application 
could be less effective than a lighter one. 

We would like to thank Mr. Morris for his pertinent and interesting discussion. 




