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This invention relates to improvements for slab sealers 
employed in expansion joints in concrete highways, and, 
in particular, relates to the use of polyurethane formed 
in situ in the crack or joint between adjacent slabs of 
concrete or other abutting slabs which are subject to ad jacent expansion. 
In the past there have been provided various types of 

calking or sealing compounds for the expansion joint be 
tween adjacent concrete slabs used in highways and the 
like. The joints may be between adjacent concrete slabs, 
as will be conventionally seen on the highway, or it can 
be a joint adjacent to a bridge or other joints used in the 
bridge structure. It is, of course, well known that it is 
very desirable to accommodate expansion of the slabs to 
prevent their buckling or pushing of part of a bridge 
structure off of its supports. The slab sealer or expansion 
joint is used to minimize the effects caused by thermal 
expansion and contraction, and other forces such as ex 
pansion by forces exerted from dirt entrapment, water 
freezing in cracks, and the natural expansion of curing 
concrete, which can lead to the build up of very un 
desirable stresses within the highway concrete slabs form 
ing the highway ribbon. If expansion is not provided for 
in the expansion joints, there can result blow-ups or crack 
ing of the concrete pavement, and forcing of bridges off 
their supports. 

Current methods employed in making expansion joints 
are, for example, to saw a slot in the roadway using a 
diamond tipped blade and fill this slot with a bituminous 
material that is preformed to fit. The purpose of this joint 
is to absorb the forces in the concrete and not to trans 
mit them to the adjoining slabs of pavement or to ad 
joining bridges. This asphaltic based material has draw 
backs due to very high compressive strengths in the range 
of 1200-1500 p.s. i., while forces necessary to move sec 
tion of highway or bridges are in the range of only about 
200 p.s. i. or less. Another property is that being pre 
formed the bituminous material cannot fit into the slot 
exactly and therefore is subject to open spaces which fill 
with foreign matter, such as dirt, small rocks, water, 
which freezes in cold weather, and the like. These mate 
rials can and do transmit forces, and in the case of water 
freezing there are developed forces tending to loosen the 
joint due to cycles of expansion and contraction. Another 
disadvantage of bituminous materials is that they are not 
flexible and, during normal expansion and contraction 
cycles of heating and cooling, thus cause the opening of 
cracks which are subject to filling with foreign material 
and the transmission of forces, as pointed out previously. 
The use of preformed polyurethane slabs are also subject 
to many difficulties caused as pointed out above, which 
are inherent in the employment of the bituminous mate 
rials and other preformed slab sealers. 
By means of the instant invention there has been pro 

vided a concrete slab sealer through the use of poly 
urethane formed in situ. By forming the slab sealer in situ 
by laying it down in liquid form and then permitting it 
to cure to a substantially solid material, a firm bond or 
adherence to the concrete by the slab sealer is provided 
to completely seal the adjacent portions of the abutting 
slabs to prevent the entrance of any water or foreign 
debris into the crack. Further, a good degree of com 
pressibility and elasticity is provided through the use of 
the in situ formed polyurethane slab sealer of this inven 
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tion to permit contraction and expansion of an adjacent 
concrete slab or variation of the size of the crack or 
joint in which the slab sealer is filled. In the employ 
ment of the in situ formed polyurethane slab sealer, the 
slot is filled with one or more plastic materials that will 
polymerize and expand, completely filling the slot and 
forming a joint that has none of the failures that are in 
herent as discussed above in the present types of mate 
rials employed. The slab sealer may be used as a single 
type of polyurethane, or, more preferably, it may be em 
ployed in the form of a low density rigid polyurethane 
of about 2 to 10 pounds per cubic foot density at the 
bottom of the crack, topped by a higher density of about 
10 to 30 pounds per cubic foot elastomeric or flexible 
polyurethane, which has a highly improved degree of 
abrasion resistance and resilience. 
As a further feature of the invention, the slab sealer 

may be very simply laid down at the site in liquid form 
and varying sizes of joints or cracks may be filled with 
out the requirement of pre-shaping a solid joint and then 
fitting it to the crack. Thus, the slab sealer may be em 
ployed very advantageously at the site, without the re 
squirement of highly developed or complicated controls. 
The longevity and ruggedness of the slab sealer is further greatly improved. 
The above features are objects of this invention and 

further objects will appear in the detailed description 
which follows and will be otherwise apparent to those skilled in the art. 

For the purpose of example, there are shown in the 
accompanying drawings two forms of the slab sealer of 
this invention. It is to be understood that these draw 
ings are, however, for the purpose of example only and 
that the invention is not limited thereto. 
In the drawings: 
FIGURE 1 is a view in section of a slab sealer using 

only a single type of polyurethane which is of medium density; and 
FIGURE 2 is a view in cross-section of abutting slabs 

of concrete filled with the preferred slab sealer of this 
invention employing a relatively low density rigid poly 
urethane foam at the bottom of the crack topped by a 
relatively high density elastomeric or flexible polyurethane at the top. 

In the employment of the materials providing the poly 
urethane slab sealer of this invention, it will be under 
stood that various forms may be employed, as will be 
Well understood in the art. Thus, the expansion joint or 
crack between adjacent slabs may be provided with a 
form at the top of the crack to provide a suitable retain 
ing device and properly vented to assure the entire filling 
of the void up to the desired level. The plastic poly 
urethane liquid materials are introduced into the joint as 
liquids and level themselves out in the crack. Generally, 
after a period of thirty seconds or so, the liquid material 
begins to expand its volume and, after a period of three 
minutes or So, reaches full volume and will have become 
polymerized. However, a period of about one hour is pro 
vided after introduction of the liquid polyurethane com 
ponents to insure complete setting, after which period of 
time the slab is ready for highway traffic. Generally, 
where the crack or joint between adjacent slabs is filled 
With this material, it is desired that for either the single 
polyurethane or the two-system polyurethane of low 
density and high density materials employed that they 
be filled up to not quite the top of the slot, i.e., within 
one-quarter to one-half inch of the top of the adjacent 
pavement slabs to prevent any protrusion that might tend 
to wear down or weaken the slab sealer. 
The polyurethane slab sealer when formed in situ by 

this invention is free from the drawbacks inherent in the 
other Systems as described above. The slab sealers, when 
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applied, offer an entire joint filled with a favorable de 
gree of flexibility and low compressive strength in the 
order of 75 p.s. i., coupled with toughness, water resistance, 
and an extremely firm bond to the concrete. 
The polyurethane slab sealer of this invention has a 

number of desirable physical properties that lends itself 
very advantageously to use as an expansion joint or slab 
sealer for concrete or the like. Thus, the slab sealer has 
a relatively low compressive strength and is compressible 
under test conditions to in the order of one-half its thick 
ness at 75 p.s. i. Further, the flexible or elastomeric slab 
sealer components can recover up to at least 90% of its 
original width when pressure is released. Further, it re 
tains its flexibility at -40 F. and is stable at 150 F. 
The material is not sticky and does not accept foreign 
material from the surface of the highway, and rejects 
stones, sticks, and the like, that might have a tendency to 
become embedded and work into the surface because of 
traffic action. Further, the slab sealer is chemically inert 
and does not react adversely to petroleum or bituminous 
products or calcium or sodium chloride, which materials 
are normally found on highway surfaces. Additionally, 
the material, of course, gives or yields with the movement 
of the concrete through expansion and contraction cycles 
while retaining a very firm adherence or bond to the ad 
jacent slabs to provide a very good seal and act as a block 
or seal and resist any water penetration. Additionally, the 
polyurethane material can be laid down very quickly and 
can be opened to vehicle traffic within a one hour period 
of time, and provides a long life. Lastly, the material can 
be laid down at the site by highway workers without any 
complicated fitting or cutting procedure required. 

It will be well understood that the expansion joints to 
be filled by the polyurethane slab sealer of this inven 
tion can be of varying sizes. Also, it will be well under 
stood that the slab sealer can be used between abutting 
concrete pavement slabs with a space in between the ends, 
whereby the slabs form part of the highway ribbon, or 
the slabs may be employed on bridge approaches and the 
like. Generally the expansion joint can be used wherever 
expansion and contraction are provided through the ex 
pansion space forming the expansion joint that is conven 
tionally provided in the highway art. The joint, of course, 
as previously mentioned, can be of varying sizes, Such as 
4' wide, 10' deep, and as long as the width of the high 
way ribbon, which may be anywhere from 10' to 20 or 
the like. The forms that may be employed are conven 
tional board forms to contain the liquid polyurethane, and 
the form at the top also may obviously be a flat board 
with holes drilled in it to provide for expansion in vent 
ing of the expansion joint space, and to provide for re 
lief through any excess expansion or escape of gases and 
the like. 

In the preparation of the joint before laying down the 
liquid polyurethane materials, it is desirable to remove 
sand and dirt from the sides of the abutting concrete 
slab to improve adherence to the polyurethane to the 
sides. No other special preparation is, however, required. 
In the actual laying down of the material, this can be 
accomplished in increments, as by laying down a fairly 
thin layer of the rigid foam at the bottom and allowing 
a few minutes before the next layer is laid down to build 
it up in size. 
Where a single type of polyurethane foam is employed 

this can be of medium density, such as in the order of 
10 pounds per cubic foot. Where employed, it should be 
iaid down in the expansion joint to fill up to within one 
quarter inch or one-half inch of the top of the adjacent 
pavement surfaces. This material is not quite as abrasion 
resistant as the higher density elastomeric polyurethane 
material used as the top layer in the two-step type of Seal 
er, and, as a result, it should not quite come up to the 
surface where contact by automobile tires and the like 
would tend to wear it down. Where heavy traffic is en 
countered, the two-step polyurethane system is preferred. 75 DC-200=Silicone surfactant ----------------- 
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4. 
The compressibility of the polyurethane material varies 

with its density. It has been found that the two pounds 
per cubic foot rigid polyurethane foam compresses to 
one-half its thickness at about 35 pounds per square inch, 
while the 4 pound foam compresses to one-half its thick 
ness at about 70 to 80 p.s. i., and the six pound rigid foam 
compresses to about one-half its thickness and 123 p.s.i. 
The 10 pound per cubic foot flexible foam compresses to 
one-half its thickness at about 23 p.s. i., while the 25 pound 
per cubic foot flexible foam compresses to about one 
half its thickness at 124 p.s. i. Where the two-step system 
is employed, the bonding together of the low density rigid 
polyurethane foam and the higher density elastomeric or 
flexible polyurethane foam is very good, and, according 
ly, breaking away or wearing away of the top high density 
flexible polyurethane foam is avoided or substantially 
minimized. To increase the adherence or bonding of the 
two types of polyurethane foam, it has been found de 
sirable to approximate the compressive strengths employed 
in the low density and high density polyurethane foam, 
So that their compressive strength is of the same order. A 
rigid foam of four pounds per cubic foot and a flexible 
foam of 15 pounds per cubic foot have been found to be 
desirable in this respect as they both approximate 75 lbs. 
p.s. i. compressive strength. 
The slab sealers of this invention have shown very 

good recovery after compressive tests where they have 
been compressed to one-half of their original thickness 
as described above. This recovery is of the order of up 
ward of 99%, as an example 99.7%, for 18 pound flexi 
ble foam and for 10 pound per cubic foot flexible foam. 
Further, the high density flexible foam has a hard glaze 
Surface that works very well to provide abrasion resist 
ance and minimize scuffing or embedding of foreign ma 
terials. 
The manufacture of polyurethane foams is well known 

in the art and this invention merely employs conventional 
polyurethane compositions which may be of varying den 
sities. The foamed polyurethanes are conventionally pre 
pared by reacting various polyols with various types of 
isocyanates, such as diisocyanate or tri-isocyanate. The 
cellular structure employed in the foam may be obtained 
by using an excess of isocyanate and water, or by the em 
ployment of various gaseous blowing agents such as those 
of the hydrocarbon or halogenated hydrocarbon classes. 
The density is varied by the usual change in process lim 
itations and proportions of the components used, as is 
well known in the art. 
For the purpose of example, there will be listed below 

actual examples using different types of rigid and elas 
tomeric polyurethane compositions. It will be understood 
that these examples are merely for the purpose of exam 
ple and that the ranges of the components may be varied 
and that equivalents for the components may likewise be 
utilized, as is readily recognized in the art. Thus, it is 
well known that both rigid and elastomeric or flexible 
polyurethanes are old in the art and the examples listed 
below are merely exemplary. 
In Example 1 below a medium density foam is em 

ployed in a single phase system. 

EXAMPLE 1. 

10 pound density flexible foams 

A. 

Quadrol=N,N,N'N'-tetrakis (2-hydroxypropyl) 
ethylenediamine, OH-No. 768 ------------- 145.0 

Water=distilled water ---------------------- 3.4 
TEA=tri ethyl amine (catalyst) ------------- 3.0 
TMBD=N,N,N',N'-tetramethyl - 1,3 - butane-di 

amine (catalyst) ------------------------- 10.0 
3.0 
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P-2000=2000 molecular weight diol (polypro 
Pylene glycol) --------------------------- 52440 

Teracol 30=polyoxyethylated vegetable oil ----- 58.20 
Water=distilled Water ---------------------- 2.08 
TDI=toluene diisocyanate ------------------ 227.00 
Ratio: PP-111-B -------------------- parts-- 100 
FC-23 ------------------------------ do--- 16 
The flexible foam is employed by utilizing 100 parts of 

component B to 16 parts all by weight of component A. 
The resultant composition is then laid down in the crack 
to fill the crack or expansion joint completely up to 4' 
to 3/8' of the highway surface. 
The slab sealer composition of Example 1 is shown in 

FIGURE 1 filling an expansion joint provided between 
abutting surface concrete pavement slabs 10 and 12. A 
space 14 is provided at the top, such that the slab sealer 
16 comes up only to within one-half inch to one-quarter 
inch of the top of the adjacent slabs 10 and 12. Thus, 
there is no protrusion or projection of the slab sealer that 
might tend to be scuffed or worn off. 

In Examples 2 and 3 below a two phase system is em 
ployed using a low density rigid polyurethane foam as 
the bottom phase and a high density flexible polyurethane 
as the top phase. 

EXAMPLE 2 
4 pound density rigid foam 

A 
PEP-450 ---------------------------------- 594.3 
Blowing agent=trichloromonofluoromethane ---- 121.9 
TMBD-N,N,N',N'-tetramethyl - 1,3 - butane-di 

amine (catalyst) -------------------------- .795 
T-12=dibutyl tin dilaurate (catalyst) --------- .239 

B 

MDI-4,4'-diphenylmethane diisocyanate 31.7% 
NCO ----------------------------------- 87.80 

VC-82=Viricol 82-a phosphorous containing poly 
ol, OH-No. =212 ------------------------- 10.37 

DC-113=silicone surfactant ------------------ 1.83 
This polyurethane foam is made by mixing components 

A and B in the ratio of 72 parts by weight of component 
A to 100 parts by weight of component B. The joint is 
filled up to 15%' from the surface. 
The so produced rigid 4 pound density foam is then 

covered with the 15 pound elastomeric or flexible poly 
urethane system from Example 3 as follows: 

EXAMPLE 3 
15 pound density elastomeric coating 

A 
P-2000-2000 molecular weight diol (polypropyl 
ene glycol) ----------------------------- 524.40 

Teracol 30-polyoxyethylated vegetable oil ---- 58.20 
Water=distilled water ---------------------- 2.08 
TDI=toluene diisocyanate ------------------ 227.00 

B 

Quadrol=N,N,N',N'-tetrakis (2-hydroxypropyl) 
ethylenediamine OH-No. 768 -------------- 123.0 

Water=distilled Water ---------------------- 2.2 
TEA=tri ethyl amine (catalyst) ------------- 3.0 
TMBD=N,N,N',N' - tetramethyl 1,3-butanedi 

amine (catalyst) ------------------------- 7.8 
DC-200=silicone surfactant ----------------- 3.0 
This system is used to cover the low density rigid 

polyurethane foam of Example 2 system up to 4' to 
%' of the highway surface. 
Components A and B are mixed in the ratio of 100 

parts by weight of component. A to 14 parts of compo 
nent B. This system is then employed to cover the 4 
pound density foam up to 4' to 38' of the highway 
surface. 
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In the above example the low density polyurethane 

foam of Example 2 is laid down in an expansion joint 
shown in FIGURE 2 between slabs 20 and 22. The low 
density foam is laid down to the major portion of the 
depth of the expansion joint to form the lower part of 
the slab sealer indicated by the reference numeral 24. 
This can extend, as an example, in a joint of depth of 
10' up to within about one and one-half inches of the 
top of the joint or crack. Subsequently, the liquid poly 
urethane composition forming the higher density flexible 
polyurethane foam from Example 3 is laid down, as indi 
cated by the reference numeral 26, to within one-half 
inch or one-quarter inch of the top surface of the adja 
cent slabs 20 and 22. Thus, there is finally left a space 28 
above the flexible polyurethane foam so that no protru 
sion of the slab sealer is presented above the pavement 
surfaces. 

After the foam has set up it is then covered with the 
15 pound density elastomeric system polyurethane foam 
described in Example 3. The elastomeric polyurethane 
composition is employed to fill the joint up to 4' to %' 
of the highway surface. 

Various changes and modifications may be made 
within this invention as will be readily understood by 
those skilled in the art. Thus, as an example, the invention 
is not limited to any particular polyurethane composition 
and various closed cell foams of the physical character 
istics described may be employed where they present the 
same physical properties obtained and achieved through 
this invention. Various other changes and modifications 
will be readily apparent to those skilled in the art, and 
are included within the scope of this invention as de 
fined by the claims appended hereto. 
What is claimed is: 
1. A slab sealer for concrete slabs spaced apart to pro 

vide a crack, said slab sealer being formed in situ in said 
crack and being comprised essentially of a rigid poly 
urethane of relatively low density bonded to the sides 
of said crack and filling the bottom of the crack and an 
elastomeric polyurethane of higher density than said 
rigid polyurethane bonded to the sides of said crack and 
to said rigid polyurethane and substantially filling the top 
of the crack to seal the same, the density of the rigid 
polyurethane foam being of about 2 to 10 pounds per 
cubic foot and the density of the elastomeric polyurethane 
being about 10 to 30 pounds per cubic foot. 

2. A slab sealer for abutting concrete slabs spaced 
apart to provide a crack with the top surfaces of said slabs 
being in Substantially the same plane, said slab sealer be 
ing formed in situ in said crack and being comprised essen 
tially of a rigid polyurethane of relatively low density 
bonded to the sides of said crack and filling the bottom of 
the crack and an elastomeric polyurethane of higher 
density than said rigid polyurethane bonded to the sides 
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of said crack and to said rigid polyurethane and sub 
stantially filling the top of the crack to seal the same, 
said elastomeric polyurethane filling the top of said crack 
to just below the top surfaces of the slabs, the density of 
the rigid polyurethane foam being of about 2 to 10 pounds 
per cubic foot and the density of the elastomeric poly 
urethane being about 10 to 30 pounds per cubic foot. 

3. A slab sealer for concrete slabs spaced apart to 
provide a crack, said slab sealer being formed in situ in 
said crack and being comprised essentially of a rigid 
polyurethane of relatively low density bonded to the sides 
of said crack and filling the bottom of the crack and an 
elastomeric polyurethane of higher density than said 
rigid polyurethane bonded to the sides of said crack and 
to said rigid polyurethane, and substantially filling the 
top of the crack to seal the same, the density of the rigid 
polyurethane foam being of about 2 to 10 pounds per cubic 
foot and the density of the elastomeric polyurethane being 
about 10 to 30 pounds per cubic foot, said rigid polyure 
thane being laid down in liquid form in a plurality of 
stages, and said elastoneric polyurethane likewise being 
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laid down upon the top of the rigid polyurethane after it 
has solidified. 

4. A slab sealer for concrete slabs spaced apart to pro 
vide a crack, said slab sealer being formed in situ in said 
crack and being comprised essentially of a rigid polyure 
thane of relatively low density bonded to the sides of 
said crack and filling the bottom of the crack and an 
elastomeric polyurethane of higher density than said rigid 
polyurethane bonded to the sides of said crack and to 
said rigid polyurethane and substantially filling the top 
of the crack to seal the same, the compressibility of the 
rigid polyurethane of relatively low density approximat 
ing the compressibility of the elastomeric polyurethane of 
higher density, the density of the rigid polyurethane foam 
being of about 2 to 10 pounds per cubic foot and the 
density of the elastomeric polyurethane being about 10 
to 30 pounds per cubic foot. 

5. A slab sealer for concrete slabs spaced apart to 
provide a crack, said slab sealer being formed in situ in 
said crack and being comprised essentially of a rigid 
polyurethane of relatively low density bonded to the 
sides of said crack and filling the bottom of the crack and 
an elastomeric polyurethane of higher density than said 
rigid polyurethane bonded to the sides of said crack and 
to said rigid polyurethane and substantially filling the 
top of the crack to seal the same, the density of the rigid 
polyurethane foam being of about 2 to 10 pounds per 
cubic foot and the density of the elastomeric polyure 
thane being about 10 to 30 pounds per cubic foot, said 
rigid polyurethane being laid down in liquid form in a 
plurality of stages, and said elastomeric polyurethane 
likewise being laid down upon the top of the rigid poly 
urethane after it has solidified, the compressibility of the 
rigid polyurethane of relatively low density approximat 
ing the compressibility of the elastomeric polyurethane of 
higher density. 

6. A slab sealer for concrete slabs spaced apart to pro 
vide a crack, said slab sealer being formed in situ in said 
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crack and being comprised essentially of a rigid polyure 
thane of relatively low density bonded to the sides of said 
crack and filling the bottom of the crack and an elasto 
meric polyurethane of higher density than said rigid poly 
urethane bonded to the sides of said crack and to said rigid 
polyurethane and substantially filling the top of the crack 
to seal the same, the density of the elastomeric polyure 
thane being about 10 to 30 pounds per cubic foot. 

7. A slab sealer for concrete slabs spaced apart to pro 
vide a crack, said slab sealer being formed in situ in said 
crack and being comprised essentially of a rigid poly 
urethane of relatively low density bonded to the sides of 
said crack and filling the bottom of the crack and an 
elastomeric polyurethane of higher density than said rigid 
polyurethane bonded to the sides of said crack and to said 
rigid polyurethane and substantially filling the top of the 
crack to seal the same, the density of the rigid polyure 
thane foam being of about 2 to 10 pounds per cubic foot 
and the density of the elastomeric polyurethane being 
about 10 to 30 pounds per cubic foot, said rigid polyure 
thane foam filling a major portion of the depth of the 
crack and the elastomeric polyurethane filling a minor 
portion. 
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