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EXECUTIVE SUMMARY

The objective of this study was to evaluate the effectiveness of various concrete sealers
at reducing chloride penetration into a bridge deck with a low slump concrete overlay.
Sixteen different concrete sealers were tested, plus an untreated control section. Drill
dust samples were collected annually for three years and analyzed for chloride content.
The effectiveness of the sealers was determined based on the chloride content of the

test sections versus that of the control section.

Concrete sealers commonly fall into two categories: film formers, such as epoxies,
urethanes, acrylics and thermoplastics; and penetrating sealers, including silicones,
siloxanes, silanes and silicates. Strictly speaking, silicates are not sealers but do

partially fill voids and make concrete denser and less permeable.

Conclusions:

1. Concrete sealers provide temporary protection to bridge decks with low slump
concrete overlays. The best penetrating sealers appear to provide protection for

about three years.

2. After three years, the best performers were Hydrozo Enviroseal, a waterbased
silane; Fosroc Dekguard P-40 and Hydrozo Silane 40, both solvent-based

silanes; and Paragon 15, a siloxane. These were all penetrating sealers.

3. Fosroc Dekguard P-40 has been one of the better sealers in the last two

research studies of this type.

3. Silanes and siloxanes as a group appear to be the best performers, but there

was considerable variability among products.



The surface-type sealers were generally ineffective after one year.

Runoff of excess material is a problem when attempting to get the recommended
coverage in one coat,. Multiple, wet-on-wet applications at a lighter coverage

rate seem to be necessary.

Good laboratory results do not necessarily equate with field effectiveness. All
sealers subjected to NCHRP 244 series |l chloride reduction, a laboratory test,
scored 83% or better, while after one year in the field no sealer was 75% or more

effective.

In the future, candidate sealers for bridge decks should provide laboratory test

data which includes abrasion resistance, such as the test developed by Alberta.



INTRODUCTION

Background

At the request of the Office of Bridges and Structures of the Minnesota Department of
Transportation (Mn/DOT), the Physical Research Section has conducted a research
study to determine the effectiveness of various concrete sealers for use on bridge
decks. As new products of interest to Mn/DOT come on the market, evaluations are
conducted to verify or dispute their practical use. For the purposes of this study,
effectiveness is interpreted as reducing the penetration of chioride: ions from deicing
chemicals into the concrete deck while causing no detrimental effects to the deck

surface or to the concrete appearance.

Concrete sealers are not routinely used by the Minnesota Department of Transportation
(Mn/DOT), but under certain circumstances the use of a sealer is necessary. These
situations may include late-season concrete pours when below-freezing temperatures
are expected within 28 days, and certain problem conditions, such as hardened
concrete with low air content or high water/cement ratio. It is recognized that a sealer

will not fix poor quality concrete, but may extend maintenance-free life.

This is the third evaluation of concrete sealers performed by Mn/DOT Physical
Research. A project conducted from 1976-1980 found two products, Thoroclear
Special, a sodium methyl silanolate, and Cretamite CS45, a modified fluosilicate, to
provide some protection from chloride penetration’. A followup study done from 1985-
1988 found the above products generally were effective for only one year, while a
silane, Dekguard P-20, and an epoxy, Pen Seal 50, provided protection through three
years®. The introduction of several new sealers which had shown promising results in

laboratory testing, particularly waterbased silanes, led to the current field evaluation.



Concrete sealers commonly fall into two categories: film formers, such as epoxies,
urethanes, acrylics and thermoplastics; and penetrating sealers, including silicones,
siloxanes, silanes and silicates. Strictly speaking, silicates are not sealers but do

partially fill voids and make concrete denser and less permeable.

The most common laboratory screening tests for concrete sealers are those included in
NCHRP 244° Concrete cubes were cast, then treated with a sealer. Tests were
performed to determine moisture and chloride absorption resistance compared to
untreated control specimens. A resistance of 75% was considered passing.
Resistance of sealer-treated specimens to freeze-thaw and ultraviolet light was also

determined.

The NCHRP 244 test series did not consider the effects of traffic abrasion. Laboratory
testing done in Alberta® measured moisture and chloride penetration resistance as in
NCHRP 244, then sandblasted the specimens to remove 1mm of the surface and
retested. This testing showed the benefits of the true penetrating sealers for wearing
surfaces such as bridge decks, as film-forming surface sealers lost much of their

effectiveness.

Silanes, siloxanes and silicones produce the same end product, a hydrophobic silica
gel’. The basic difference between these products lies in the size of the molecule,
silanes being the smallest and silicones the largest. The small size of silane molecules
gives them the advantage of being able to penetrate deeper into concrete than
siloxanes and silicones. This is offset by their high volatility. A high solids content is
required for silane-based sealers to allow for the loss of active ingredient due to
evaporation. Silanes require some humidity in the concrete for the chemical reaction to
form silica gel, but too much moisture retards penetration. Different formulations of
siloxanes encompass a wide range of molecular size, with deeper penetration achieved

by smaller molecular weights. Siloxanes are less volatile than silanes and can provide
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similar initial surface protection with a lower solids content.

In addition to laboratory screening, criteria used for selection of concrete sealers for this

study were:

. The product must be safe to use. It must present no unreasonable risk either to
highway personnel or to the driving public.

. Lane closure time for application and drying or curing should be as short as

possible. Overnight lane closures would not be acceptable.

. The sealer should be easy to apply using ordinary application equipment.
. The color of the concrete should change very little after the sealer has dried.
o The sealer must allow the concrete to "breathe"; that is, water vapor is allowed to

freely pass in either direction.
Scope
Sixteen concrete sealers were tested and evaluated. The project also included an
untreated control section. The sealers were applied to a bridge deck surface. It was

felt this would provide a severe test by exposing the products to traffic abrasion.

Project Description

The bridge deck selected for this reseach project carries Western Avenue over 1-94 in
St. Paul. The bridge was built in 1991 and has a low slump dense concrete overlay. At

the time the sealers were applied the low slump dense concrete overlay was in excess

of 28 days old.

The control section and all but one test section measured 25 feet long by 20 feet wide
for an area of 500 square feet. Because of construction materials for an adjacent

highway project being stockpiled on the deck, one test section was reduced to 18 feet
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by 20 feet. All sealers were applied to a single bridge deck at a rate of 100 square feet

per gallon unless otherwise noted. Figure 1 depicts the project layout.

The products included in this study were:

Deck Seal PD 20, a 20% solids oligomeric alkylalkoxy silane in petroleum solvents.

Deck Seal PD 30, a 30% solids oligomeric alkylalkoxy silane in petroleum solvents.

Fosroc Nitocote Dekguard P-40, a 40% solids oligomeric alkoxy siloxane/silane mixture

in mineral spirits.

Fosroc Nitocote Dekguard WB is a two part system. The primer is a concentrated

alkylalkoxy silane which is mixed with water in a tank immediately before application.
The primer is allowed to dry for a minimum of one-half hour, which may be expanded
under poor drying conditions. This second part of the system is an acrylic topcoat.
Genii 115, a 25% solids emulsion of thermoplastic resins in water.

Genii 315, a 16% solids combination of modified thermoplastic resins in naphtha.

Genii 615, a 21% solids combination of modified thermoplastic resins and their esters in

xylene. This material was used on one test section as a topcoat over Genii 315.

Horsey Set WDE, a water dispersed epoxy curing compound/sealer.

Hydrozo Enviroseal, a 40% solids water-based alkylalkoxy silane.

Hydrozo Silane 40, a 40% solids alkylalkoxy silane in a petroleum naphtha solvent.

AR 4 |
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Figure 1. Layout of experimental sealer test sections.



Paragon 15, a 15% solids oligomeric alkylalkoxy siloxane in an aromatic solvent.

Sikagard 70, a 9.2% solids blend of poly-siloxane resins in an organic solvent.

Sil Act ATS 42, a 40% solids alkyltrialkoxysilane in alcohol.

Sil Act Multigard, a 40% solids water-based alkyitrialkoxysilane. The silane and water

were combined in a static mixer immediately prior to application.

Stifel H, a 40% solids alkyl-alkoxy silane in an organic solvent system.

Trojan Masonry Sealer, a sodium silicate product.

The sealers were applied during October 1991. As much as was possible, the suppliers
placed their own products. If this could not be done, the materials were applied by

Mn/DOT Physical Research personnel.

It was necessary to sandblast the deck before the sealers could be applied. This was
done to remove curing compound and clean off other contaminants and in general to
open the surface of the concrete. Sandblasting and sweeping required a full day.
Most of the sealers were applied within two days following sandblasting. Because of
scheduling problems the last materials were not applied until some ten days after the
deck had been cleaned. The weather had become colder and there was some rain

during this time, but all sealers were applied to a dry deck surface.

Most of the materials were applied by airless sprayers, using either a garden-type
sprayer or a larger commercial airless sprayer which incorporated a spray bar with
several nozzles. The commercial sprayer was the property of Construction Materials,

Inc. (CMI). Sil Act Multigard waterbased silane was applied by a contractor using a
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proprietary mixing and spray system. Table 1 provides information on products,
application personnel and method, and approximate air temperature at the time of

application.

As mentioned previously the sealers were applied at the rate of 100 square feet per
gallon except for the Dekguard WB topcoat, which was applied at 150 square feet per
gallon, and Horsey Set WDE, at 182 square feet per gallon. Runoff was a problem
common to most of the sealers, probably because of the density of the overlay
concrete. As a rule, multiple wet-on-wet applications were required to obtain the

proper coverage.

EVALUATION

The performance of the various sealers was rated by how well they reduced the
penetration of chlorides from deicing salts into the deck surface. Drill dust samples
were collected annually for three years and analyzed for total chloride content.
Samples were taken from three random locations within each test and control section,
and were collected in increments of one-half inch. Chloride content data are given in
Tables 2, 3 and 4. The data are given in parts per million (PPM), and represent the

average of three samples.

The effectiveness of the sealers compared with the untreated control section is

determined by the following formula:

(Control - B) - (Test Section - B) x 100 = Effectiveness
(Control - B)

where "B" is the baseline chloride content of uncontaminated concrete. Effectiveness
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Average Chloride Content (PPM)

Product 1/16 - 172" A2-17 A-1-1/2"
Dekguard P-40 390 100 110
Sikagard 70 420 140 110
Hydrozo Silane 40 540 150 120
Deck Seal PD 20 550 120 120
Deck Seal PD 30 560 120 80
Paragon 15 650 110 110
Sil Act ATS 42 680 100 90
Hydrozo Enviroseal 690 130 110
Genii 315 + 615 1010 140 80
Stifel H 1020 100 80
Dekguard WB 1200 160 120
Genii 315 1660 230 90
Horsey Set WDE 2040 320 50
Untreated control 2060 220 110
Trojan Masonry Sealer 2160 300 100
Genii 115 2440 640 120

Table 2. Chloride content data after one year.




Average Chloride Content (PPM)

Product 1/16 - 172" 1/2 - 1" A-1-12"
Hydrozo Enviroseal 980 260 100
Dekguard P-40 1300 470 220
Genii 315 + 615 1620 180 120
Hydrozo Silane 40 1620 740 170
Deck Seal PD 20 1680 400 80
Paragon 15 1710 510 100
Deck Seal PD 30 1930 670 130
Sikagard 70 2060 770 150
Dekguard WB 2170 810 200
Sil Act ATS 42 2310 860 130
Stifel H 2610 770 170
Trojan Masonry Sealer 2920 940 140
Horsey Set WDE 2930 730 120
Genii 315 3120 770 60
Sil Act Multigard 3150 820 80
Untreated control 3440 1110 220
Genii 115 3670 1050 180

Table 3. Chloride content data after two years.
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Average Chloride Content (PPM)

Product 116 - 172" A2-1" A-1-1/27
Hydrozo Enviroseal 970 240 110
Dekguard P-40 1650 470 160
Hydrozo Silane 40 1680 460 170
Paragon 15 1920 520 140
Horsey Set WDE 2260 330 100
Deck Seal PD 20 2280 370 110
Stifel H 2360 440 120
Deck Seal PD 30 2370 760 140
Sikagard 70 2550 750 220
Sil Act ATS 42 2560 610 140
Dekguard WB 2610 790 110
Sil Act Multigard 2630 570 120
Untreated control 2710 690 120
Genii 315 + 615 2840 450 140
Trojan Masonry Sealer 3010 700 150
Genii 115 3040 810 130
Genii 315 3530 510 150

Table 4. Chloride content data after three years.
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thus considers only the chlorides added to the deck after the sealers were applied. The

baseline chloride content value was determined by averaging to be: 110 PPM.

Effectiveness data for individual sealers are shown in Tables 5, 6 and 7, and Figures 2,
3 and 4. Although samples were collected to a depth of 1 1/2 inches, chioride
penetration at the 1 - 1 1/2 inch increment was considerable to be negligible and had
insignificant effect on performance through three years. The sealers are ranked in
descending order of effectiveness for the top sampling increment. Some sealers at
certain increments apparently allowed greater chloride penetration than the untreated

control section. These are represented by a negative effectiveness.
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RESULTS

Solvent-based silanes

Six solvent-based silanes were tested, each with 40% solids content but with a different
solvent. One of these, Dekguard P-40, had been tested in a earlier study by Mn/DOT
and had performed adequately. It was included in this study to provide a comparison
with other products. As a group the silanes showed the best long-term performance,

being slightly better than the siloxanes, but there was considerable variation within the

group.

Dekguard P-40 showed the best results of the solvent-based silanes, and was the
second best of all the sealers tested. It showed an effectiveness of 41% after three
years, followed closely by Hydrozo Silane 40 at 39%. All of the solvent-based silanes
except Stifel H were 70% or more effective after the first year. After three years the
effectiveness for Sil Act ATS 42, Stifel H, and the Deck Seal PD 20 and 30 products
had dropped to a range of 6% to 16%.

Waterbased silanes

Three waterbased silanes were included in this study; Hydrozo Enviroseal, Fosroc
Dekguard WB and Sil Act Multigard. In terms of amount of active ingredient, each was
roughly equivalent to a 40% silane. Water replaced alcohol or petroleum-based
solvents as the carrier. The method of combining the water and silane differed for each
product. Enviroseal came premixed and contained an emulsifier fo prevent the silane
from reacting with the water. Dekguard was mixed with water in a tank immediately

before spraying. The silane in Sil Act Multigard was combined with water in a static

mixer at the spray head.
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Percent effective

Product 1/16 - 1/2" A2 1"
Dekguard P-40 85 100
Sikagard 70 84 67
Hydrozo Silane 40 78 58
Deck Seal PD 20 77 83
Deck Seal PD 30 77 83
Paragon 15 72 92
Sil Act ATS 42 70 100
Hydrozo Enviroseal 70 75
Genii 315 + 615 54 67
Stifel H 53 100
Dekguard WB 44 50
Genii 315 20 -8
Horsey Set WDE 1 -83
Trojan Masonry Sealer -5 -67
Genii 115 -19 -350

Table 5. Effectiveness data after one year.
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Percent effective

Product 1/16 - 172" A2-1"
Hydrozo Enviroseal 74 84
Dekguard P-40 64 63
Genii 315 + 615 54 92
Hydrozo Silane 40 54 37
Deck Seal PD 20 53 70
Paragon 15 52 59
Deck Seal PD 30 45 44
Sikagard 70 41 34
Dekguard WB 38 30
Sil Act ATS 42 34 25
Stifel H 25 34
Trojan Masonry Sealer 16 17
Horsey Set WDE 15 38
Genii 315 10 34
Sil Act Multigard 9 29
Genii 115 -7 6

Table 6. Effectiveness data after two years.
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Percent effective

Product 116 - 1/2" 210
Hydrozo Enviroseal 67 76
Dekguard P-40 41 37
Hydrozo Silane 40 39 39
Paragon 15 30 29
Horsey Set WDE 17 61
Deck Seal PD 20 16 54

7 Stifel H 13 42
Deck Seal PD 30 13 -12
Sil Act ATS 42 6 14
Sikagard 70 6 -10
Dekguard WB 4 -17
Sil Act Multigard 3 20
Genii 315 + 615 -5 41
Trojan Masonry Sealer -11 -2
Genii 115 -13 -20
Genii 315 -31 31

Table 7. Effectiveness data after three years.
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There was a wide range in the performance of these products. Enviroseal was the best
performing sealer at the end of the three year test period. It rated consistently between
65% and 75% effective. Dekguard WB was moderately effective at 44% and 38% the
first two years before become ineffective at 4% the third year. Through an error in
documenting the test section locations Sil Act Multigard was not tested the first year.
Effectiveness the second and third years was only slightly better than the untreated

control section, at 9% and 3% respectively.

Siloxanes

Two siloxanes were evaluated, Paragon 15 and Sikagard 70. Sikagard 70 showed very
good effectiveness the first year, 84%, then declined by similar amounts the second
and third year to 41% and 6% effectiveness respectively. Paragon 15 began at a
somewhat lower effectiveness but did not decline as quickly as Sikagard 70 and
retained more effectiveness after three years, going from 72% to 52% to 30%. Paragon
15, an oligomeric alkylalkoxy siloxane, apparently has a relatively small molecule size

and can attain deeper penetration than the poly-siloxane resin..

Water dispersed epoxy

Horsey Set is a combination curing compound/surface sealer. It showed the same
performance as the untreated control section the first year, then improved to 15% and
17% effectiveness the second and thrid years respectively. This effectiveness is
probably too low to consider Horsey Set as a sealer for long-term use on wearing

surfaces.

Thermoplastics

Three different modified thermoplastics, Genii 115, 315 and 615, were tested. These
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products varied in solids content and solvent type. Genii 115, 25% solids in water, was
ineffective. Genii 315, 16% solids modified resins in naphtha, had limited effectiveness,
20% the first year and 10% the second, before failing the third year. Genii 615, 21%
solids modified resins and esters in xylene, was used as a topcoat over Genii 315. This
combination was moderately effective at 54% each of the first two years before

becoming ineffective by the third year.

Sodium silicate

One sodium silicate product, Trojan Masonry Sealer, was tested as a concrete sealer.
Sodium silicate is used primarily to densify concrete and is not a sealer in the sense of
the other silicon-based products. Trojan Masonry Sealer provided no reduction in

chloride penetration for the first year or the succedding two years and is considered to

be ineffective.

The chloride content of the upper sampling increment of the control section after the
first year was 2060 parts per million (PPM). After three years of testing, there were four
sealers which had chloride contents below 2060 PPM at the upper increment: Hydrozo
Enviroseal, Dekguard P-40, Hydrozo Silane 40, and Paragon 15. These products thus

provided a minimum of three years protection.

Of the 16 sealers tested in this study, 11 had been analyzed in the laboratory under the
NCHRP 244 criterion for chloride reduction. This test is intended to be used as a
predictor for field performance. Table 9 compares the laboratory results with the field
results from this study. For the penetrating sealers (silanes and siloxanes) the
laboratory test provides a fair prediction of performance for the one year in the field.
One surface sealer, Horsey Set WDE, did well in laboratory testing but fared poorly in
the field. Some of these products may perform very well on concrete not subject to

abrasion, such as median barriers, but this was beyond the scope of this study.

21



Product NCHRP 244 series |l  Effectiveness Effectiveness Effectiveness

chloride reduction year 1 vear 2 year 3
Sii Act Multigard 94% *a S 3
Sikagard 70 93% 84 41 6
Horsey Set WDE 92% 1 15 17
Paragon 15 92% 72 52 30
Dekguard P-40 90% 85 64 41
Deck Seal PD 20 88% 77 53 16
Stifel H 86% 53 25 13
Sil Act ATS 42 86% 70 34 6
Hydrozo Enviroseal 86% 70 74 67
Dekguard WB 85% 44 38 4
Deck Seal PD 30 83% 77 45 13

rZd

Tabie 9. Laboratory versus fieid effectiveness.
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CONCLUSIONS AND RECOMMENDATIONS

Concrete sealers provide temporary protection to bridge decks with low slump
concrete overlays. The best penetrating sealers appear to provide protection for

about three years.

After three years, the best performers were Hydrozo Enviroseal, a waterbased
silane; Fosroc Dekguard P-40 and Hydrozo Silane 40, both solvent-based

silanes; and Paragon 15, a siloxane. These were all penetrating sealers.

Fosroc Dekguard P-40 has been one of the better sealers in the last two

research studies of this type.

Silanes and siloxanes as a group appear to be the best performers, but there

was considerable variability among products.
The surface-type sealers were generally ineffective after one year.

Runoff of excess material is a problem when attempting to get the recommended
coverage in one coat,. Multiple, wet-on-wet applications at a lighter coverage

rate seem to be necessary.

Good laboratory results do not necessarily equate with field effectiveness. All
sealers subjected to NCHRP 244 series Il chloride reduction, a laboratory test,

scored 83% or better, while after one year in the field no sealer was 7%5% or more

effective.

In the future candidate sealers for bridge decks should provide laboratory test

data which includes abrasion resistance, such as the test developed by Alberta.
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