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ABSTRACT 

The effectiveness of 57 sealers of 12 generic groups have been evaluated on 

eight types of concrete substrates (waterkement ratio, air entrainment, curing were 

the variables). The benefits of water curing and low water cement ratio were clearly 

apparent. The influence of the substrate on the performance of sealers was very 

significant. Wide variation in the level of waterproofing ability of the sealers was 

found. Sixty-five percent of the tested sealers did not penetrate the concrete to a 

measurable extent and have to be considered as coatings. 

On a tvalu6 l'efficacitd de 57 enduits protecteurs appmnant h 12 groups gen6nques et 
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Laboratory Investigation 
of Concrete Sealers 

W 
aterproofing of concrete 
is one practical way to  
prevent  corrosion of 
embedded steel reinforce- 

ment, because by excluding water 
(an essential element of the deterio- 
ration) the process is eliminated. 
Furthermore, in environments in 
which chloride based deicers are 
present, transport of dissolved 
chlorides by the infiltrating water is 
avoided, and thus the major path- 
way for the corrosion-promoting 
ions to  reach the buried steel is 
blocked. Waterproofing, therefore, 
plays a very important role in the 
corrosion protection of all types of 
reinforcing steel. 

There are, in general, two types 
of protective materials intended for 
use on concrete surfaces: mem- 
branes and sealers. Membranes are 
generally impenetrable coatings or 
layers which can be very effective in 
preventing moisture ingress. Seal- 
ers, on the other hand, supplied as 
a solution or as a suspension in a 
solvent, merely reduce water in- 
flow. Nevertheless, in some respects 
sealers offer significant advantages 
over membranes. In contrast to  
membranes, sealers 

do not hamper visual inspec- 
tion of the concrete; 

do not make the repair of con- 
crete an involved operation; 

are not expensive. 
Several studies have been carried 

out to evaluate sealers, but mainly 
for the purposes of highway bridge 
deck protection.'-4 Because new 
products continuously are put on 
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concretes; performance; permeability; porosity; 
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the market and some existing prod- 
ucts undergo changes in formula- 
tion, selection of a sealer for a given 
application, such as a parking ga- 
rage deck, is not an easy task. The 
absence of accepted performance 
criteria and standards for testing 
exacerbates the problems. The 
work described here was under- 
taken to assist specifiers in the se- 
lection of sealers for the protection 

Table 1 - Concrete sealers: 
generic types evaluated for 
waterproofing ability 

a 
xeric Al kox 
'S 

ummc r v w  -- 
Acrylic 
Oligon 
Epoxie 
Blends 
U rethancs 
Alkoxysilanes 
Silicates / Siliconates 
Polpsiloxanes and Silicones 
Styrene-Acrylate ( 

Chlori~ 
02s 
SiIoxane / Metha1 

Synergistic Systcn~ 

nated Rubb 

Number of 
products 

tested - 

1 

of concrete traffic surfaces of exist- 
ing parking garages that had al- 
ready been exposed to chlorides. 

Selection of sample 
The study was limited to products 
marketed in Canada. Of the 189 
sealers identified in this category, 89 
were recommended by the distribu- 
tors for use on parking garage 
decks. Apparent duplications in 
composition were eliminated on the 
basis of the product specification, 
and after other considerations 57 
sealers were selected for the sample. 
The generic types and the number 
of products in each group are given 
in Table 1. 

Substrate Preparation 
The details of the eight types of 
concrete used to evaluate the sealers 
for waterproofing ability and pene- 
tration depth, are given in Table 2. 
For each mix, three concrete cubes 
with 10 cm (4 in.) edge length, per 
sealer, were cast in plexiglass molds. 
Two cubes were used in the assess- 
ment of water absorption and one 
to determine penetration depth. 

After the curing period (as indi- 

Table 2 - Characteristics of concrete mixes using ordinary 
portland cement and 19.0 mm maximum size aggregate 

wet c u d  fc 
air cured lot . . .. . 

rnm I ! 

Ir 28 days at 

23 dnys at a 
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Sealers 
continued 

1002 RH- Vet cured ond i m r s e d  
I n  N d l  Sol 'n for 28d 
a t  20'C 

502 RH- Cured a t  mi' RH cni 
imnersed i n  NaCl Sol'n 
for 280 a t  4'C 

A- Air  entrained alms 
lmnersed In  NaCl 
sol 'n far 28d 

N- Nan a i r  entrained 
Itmmrsed in  

NoC l sol 'n for 2Ed 

AC- Air  entrained ca r re te  
i m r e e d  inNaCl eol'n 
for 28d followed hy 
sclbnarslm Intcp uater 
for 28d 

FC- Non-alr mtralned 
concrete itmmrsed in  M I  

Fig. 1-Chloride penetration in uncoated concrete test specimens. 

water absorption, 
% 

140.0 

1 

alkoxY 0llgomeric urethane epoxies blends other POl~silox acrylics slllcates 
silane alkoxysilox silicone 

I 

Fig. 2-Water absorption of specimens coated by the tested sealers, expressed as percentage of that of similar uncoated 
concrete specimens. 
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9 33 39 40 46 47 61 1 2 3 4 5 6 7 8  

SEALER NUMBER TYPE OF CONCRETE 
Fig. 3-Water absorption of specimens coated with Fig. 4-Water absorption of concrete specimens coated 
various alkylalkoxysilane sealers expressed as percentage with an alkylalkoxysilane sealer expressed as percentage 
of that of similar uncoated concrete specimens. of that of similar uncoated concrete specimens. 

cated in Table 2) the cubes were (1% in.) in diameter were taken at Water absorption of uncoated 
soaked in a 15 percent NaCl solu- the top, bottom and two side sur- specimens 
tion for one month prior to coat- 
ing. Air cured cubes were soaked at 
4 C (39 F) in an attempt to retard 
hydration whilst permitting salt 
penetration. At the end of the soak- 
ing period the acid soluble salt con- 
centration of cores was determined 
according to method FHWA-RD- 
77-85. Coating of the concrete spec- 
imens was effected after storage in 
50 percent relative humidity and 
ambient temperature for 3 weeks, 
followed by a light sandblasting of 
the surface sufficient to expose the 
fine aggregate. 

For the vapor permeability test, 
cylinders with 15.2 cm (6 in.) diam- 
eter were cast of the Type 7 mix, 
but aggregate larger than 6.35 mm 
(Yi in.) were removed. After curing 
for one week, 6.5 mm (Yi in.) thick 
slices were cut. 

Testing 
The cube specimens coated with the 
sealer at the rate recommended by 
the manufacturer were stored for 7 
days in air and then submersed in 
tap water. The weight changes of 
the cubes were recorded 1, 2, 3, 4, 
7, 14, 21 and 28 days after submer- 
sion to determine water absorption. 
The depth of penetration was deter- 
mined by measuring the thickness 
of the hydrophobic rim on freshly 
cut surfaces of the specimens on 
wetting. Water vapor permeance 
was determined in conformity with 
ASTM Standard Test Method E96- 
80. Porosimetry studies were car- 
ried out on each type of concrete 
listed in Table 2. Cores 34.9 mm 

faces of the concrete cubes. Large 
pieces of aggregates were removed 
prior to testing. 

Solids content of sealers was de- 
termined by thermogravimetric 
analysis. 

Results 
Chloride Penetration 

As described above, cubes made 
with all types of concrete were first 
soaked in NaCl solution to simulate 
average field conditions. Analyses 
were performed to verify that chlo- 
rides have indeed penetrated the 
concrete. Beyond that, some obser- 
vations can be made on some as- 
pects of chloride penetration into 
concrete (Fig. 1). 

Curing of the concrete, whether 
at 50 or 100 percent relative humid- 
ity (RH) did not affect the chloride 
content in the 0 to 6.35 mm (Yi in.) 
surface zone of the uncoated speci- 
mens. At greater depth, between 
6.35 and 12.7 mm (Yi and '/2 in.) 
the benefit of water curing is 
marked. 

Air entrained specimens tend to 
have higher chloride content than 
those fabricated of plain concrete in 
the 0 to 6.35 mm (Yi in.) region. 

At greater depth (6.35 to 12.7 
mm [!A to '/z in.]) there is no dis- 
cernible benefit of air entrainment 
concerning chloride permeability. 

Submersion of the salt-contain- 
ing specimens in pure water for 28 
days reduced the chloride concen- 
tration in the 0 to 6.35 mm (!A in.) 
zone by at least 50 percent. 

The water absorption data obtained 
with uncoated specimens of the 
eight different types of concrete 
mixes were as follows. 

The average weight gain of the 
specimens fabricated of the four 
concrete mixes having w/c = 0.55 
is 88 percent higher than that of 
those having w/c = 0.43. 

Air curing of concrete resulted in 
23 percent higher water absorption 
than wet curing. 

Air entrained concrete specimens 
were found to absorb on the aver- 
age 30 percent more water than the 
similar non-air entrained concrete 
samples. 

Water absorption of coated 
specimens 

The efficiency of the sealers on 
eight types of concrete was deter- 
mined. (Fig. 2 shows results for 
Type 6 concrete only.) 

Considerable differences exist in 
the effectiveness of sealers: the wa- 
ter absorption of Type 6 specimens 
(W/C = 0.55, air cured, non air en- 
trained) in terms of the water up- 
take of the uncoated concrete var- 
ied between 59.8 and 121.1 percent. 

Although trends in the effective- 
ness of the various generic groups 
seem to exist, being of a particular 
generic type in itself should not be 
considered a basis for the predic- 
tion of performance. The water ab- 
sorption values of concrete speci- 
mens coated with the various alk- 
oxysilane sealers shown in Fig. 3 
range from 66.1 to 102.6 percent in 
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Sealers 
continued 

terms of the absorption of the un- 
coated companion samples. Similar 
variations were found with sealers 
belonging to other generic groups. 

In general, sealers are more ef- 
fective on low than on the high w/c 
concrete. In Fig. 4 the water ab- 
sorption values of the eight types of 
concrete specimens coated with an 
alkylalkoxysilane sealer are shown. 

On Type 1 concrete, the sealer 
has reduced water absorption to  
37.8 percent, expressed in terms of 
the uncoated reference specimen of 
the same type, if applied onto water 
cured concrete with w/c = 0.43 
while the reduction on air cured 
concrete with w/c = 0.55 was only 
to 66.8 percent. The uncoated Type 
1 concrete specimen absorbed 1 
percent of water and Type 6 ab- 
sorbed 2.1 percent; therefore the re- 
duction of effectiveness with in- 
creasing w/c was compounded as 
the sealer permitted the ingress of a 
greater amount of water in the more 
permeable substrate. 

The benefit of good curing is 
clearly shown in Fig. 4: the odd 
numbered concrete mixes were wa- 
ter cured and their absorption was 
significantly less than that of the 
even numbered air cured compan- 
ion samples. 

NUMBER OF DAYS OF SUBMERSION 

Fig. 6-The average of the amount of water uptake of Type 6 concrete specimens 
coated with some of the investigated sealers, expressed as percentage of the 
water uptake of uncoated specimens vs number of days of submersion. 

The above observations attest to 
the fact that application of a sealer 
is no substitute for using good 
quality dense concrete. 

Sealers were equally effective in 
reducing water absorption of plain 
and air entrained concrete. In terms 
of the water absorption of the un- 
coated control specimens, the water 
content of coated specimens was, 
on the average, 82 percent. 

The reason why, in some cases, 
specimens absorb more water if 
coated with a sealer than in the ab- 
sence of it is not clear. 

The rates of absorption in the 28- 
day submersion test (Fig. 5, 6) can 

NUMBER OF DAYS OF SUBMERSION 

Fig. 5-The average of the amount of water uptake of Type 6 concrete specimens 
coated with some of the investigated sealers, expressed as percentage of the 
water uptake of uncoated specimens vs number of days of submersion. 

be of at least two types: rapid in- 
crease in the first few days until lev- 
elling-off occurs (usually in less 
than a week), and gradual weight 
gain without levelling even after 28 
days. 

As the effectiveness of sealers de- 
pends on the properties of the con- 
crete substrate, the concrete test 
specimens should be made of con- 
crete that is similar to  that onto 
which the sealer is considered to be 
applied. In the present study Type 6 
concrete was given most promi- 
nence because the concrete in most 
existing garages had a rather high 
W/C and was neither air entrained 
nor wet cured. 

Penetration depth 

The measured depth of penetration 
values in Type 6 specimens are 
shown in Fig. 7. Most of the sealers 
tested did not penetrate the sub- 
strate to  any measurable extent. 
Significant penetration was ob- 
tained with sealers of two groups: 
alkoxysilanes and oligomeric al- 
kylalkoxysiloxanes. Of the 57 seal- 
ers 37, (65 percent) have to be clas- 
sified as coatings. 

Porosimetry studies 

Porosimetry results for all types of 
concrete mixes were obtained in du- 
plicate. 

Significant inhomogeneity .in the 
pore structure was found in the cu- 
bic specimens. The most porous 
structure occurred in the upper re- 
gion (with respect to the position in 
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PENETRATION 
DEPTH, mm 

the mould) and the least porous in 
the bottom region of the cube. Av- 
erage porosities of the four regions 
of the cubes fabricated from the 
eight types of mixes are shown in 
Fig. 8 and 9. 

As expected, higher w/c cement 
paste had higher porosity. 

The effect of w/c is greatest in 
case of non air entrained, water 
cured pastes. The porosity of the 
W/C = 0.55 paste is 35 percent 
higher than that of the w/c = 0.43 
paste. 

All cement pastes with w/c = 

0.55 whether non air entrained and 
air cured, or air entrained and air or 
water cured have 20 to 25 percent 
higher porosity than similar pastes 
with W/C = 0.43. 

For a given w/c the air entrained 
and air cured pastes have the high- 
est porosity, followed by water 
cured and air entrained pastes, plain 
paste air cured and finally water 
cured plain paste in order of de- 
creasing porosities. This order 
clearly demonstrates the benefits of 
low W/C and wet curing. 

In view of the higher porosity 
only of the top layer the results of 
the water absorption test carried out 
using cubes indicate a more favour- 
able performance than is probably 
occurring in the field. Only one of 
the six faces of cubes is highly po- 
rous while in the case of a slab of a 
parking garage the entire traffic 
surface is of high w/c and porosity. 

Conclusions 
Substantial differences were 

found in laboratory tests on the ef- 
fectiveness of the various sealers. 
Some sealers decrease water ab- 
sorption of concrete to  approxi- 
mately one third of that  of un- 
coated concrete, while others have 
little effect or even increase water 
uptake by as much as 30 percent. 

While trends in the performance 
among the various generic types of 
sealers could be clearly detected in 
laboratory tests, being of a particu- 
lar generic type in itself does not 
ensure the degree of effectiveness of 
a sealer. 

1 3 5 7 9 11 1315171921 2325272931 3335373941 4345474951 53555759 

SEALER NUMBER 

Fig. 7-Depth of penetration of the sealers tested. 

- TYPE5 
TYPE6 

4 TYPE7 - TYPE 8 

0 
.001 .01 .1 1 10 100 

PORE DIAMETER, urn 

Fig. 8-Pore size distributions of four regions of concrete specimens, 

V 

.001 .01 .1 1 10 100 

PORE DIAMETER, urn 

Fig. 9-Pore size distribution of four regions of concrete specimens. 
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Sealers 
continued 

Sealers were found to be more ef- 
fective on good concrete than on 
inferior concrete. There seems to be 
no substitute for good quality con- 
crete. 

In view of the detected depen- 
dency on the characteristics of the 
concrete, in selecting a sealer for a 
given application, the properties of 
concrete have to be considered (this 
at the present is almost never done). 

Only a fraction (35 percent) of all 
sealers tested penetrate the concrete 
to a measurable extent. 

Air entrained concrete has a 
higher porosity, and apparently 
higher permeability, resulting in 
higher water absorption and chlo- 
ride penetration of coated and un- 
coated concrete. 

It should be emphasized that  
these conclusions are based on tests 
carried out on a Iimited number of 
sealers, for a relatively short period 
in the laboratory. 
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