
Use of Urethane Foam in Pavement 
Pressure Relief Joints at Bridges 
FOSTER A. Sl\IIILEY, Maintenance Engineer, Iowa State Highway Commission 

•A PROCEDURE for using "foamed-in-place" urethane foam in joints on bridge ap
proach pavement has been adopted as a routine maintenance operation on primary roads 
in Iowa. This is related to the relief of pavement pressure against approximately 2700 
bridges in the state. 

Many costly bridge repairs are related directly to the tremendous pressure exerted 
on the structure from the ever expanding concrete pavement at each end of the bridge. 
The damage from pavement pressure is evidenced by cracked or crushed backwalls or 
cracked abutment faces. The pressure also results in tipped abutments or piers and 
skew bridges being pushed out of alignment. 

Iowa design standards for many years have required two or three 2-in. expansion 
joints in the approach pavement at bridges. These joints were filled with either two 
1-in. pieces of pre-formed bituminous joint filler or one piece of bituminous joint filler 
and a 1-in. redwood board. These were ineffective in preventing damage to backwalls 
and bridge ends; therefore, the Maintenance Department adopted a procedure of cutting 
an additional 4-in. joint the full depth and width of the pavement outside the heavily 
reinforced bridge approach sections. The joints were approximately 30 to 45 ft from 
the ends of the bridge and were filled with four pieces of 1-in. pre-formed bituminous 
expansion material. Damage to the bridges continued to occur. 

Compression tests were made on the various combinations of wood-bituminous joint 
fillers used. To compress them half their thickness required pressures ranging from 
650 to 1000 psi. Compression tests of four pieces of 1-in. pre-formed joint material 
(as would be used when four 1-in. strips were placed in a 4-in. relief joint) indicated 
why bridge damage continued to occur. To compress four thicknesses of 1-in. bitumi
nous fiber joint material, 1/z in. required 85-95 psi, 1 in. required 170-200 psi, 1 1/~ in. 
required 350-400 psi, 2 in. required 795-835 psi, and 21/z in. required 1700-1900 psi. 
A more readily compressible material was necessary in these pressure relief joints 
if damage to bridges was to be prevented or at least substantially reduced. The alter
native would require that joints be .recut if they had closed more than 1/z in. This would 
be a frequent chore in some locations inasmuch as there have been numerous instances 
reported of unfilled 4-in. joints closing 2 in. or more overnight. 

A study of the problem indicated that a nearly ideal material would have to meet the 
following characteristics. 

1. Compress to at least half its thickness at approximate pressure of 40 to 50 psi 
and recover to 90 percent of original size. (Later consideration and experience indi
cated recovery is not an important feature because the pavement, even in cold weather, 
retracts only insignificant amounts.) 

2. Retain flexibility at minus 40 F and remain stable at plus 120 F. 
3. Not extrude from the joint when compressed. 
4. Be readily adaptable to various widths and depths of joints (joint widths would 

vary from 3 to 5 in. and pavement thickness could vary from 8 to 14 in.). 
5. Reject objects such as stones, sticks or other incompressibles under traffic 

action. 
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6. Be chemically inert, at least to those chemicals normally present on road sur-
faces, such as chlorides and petroleum derivatives . 

7. Create minimum interference with traffic while being placed. 
8. Have favorable cost benefit ratio. 
9. Have an expected ten-year service life. (Current thinking is that five years 

would be sufficient because most relief joints need to be recut at least every fiveyears.) 

It was decided that urethane foam could be formulated and economically adapted for 
this use. Arrangements were made to begin field experiments in May 1964. A 2-prf 
rigid type foam, because of its lower cost per volume, was used first, but it was 
evident within hours that it would not reject foreign objects. The material was also 
scuffing out in the wheel tracks. It was concluded that a flexible type foam would be 
necessary, at least for the top part of the joint. 

During the following months various combinations of rigid and flexible type foams 
were tried, both as single materials and as combined materials. 

As a. n~sult of laboratory tests and field observations, it was concluded that a relief 
joint with the bottom portion filled with rigid foam of 4-pcf density a.ncl t.he top 1 in. of 
the joint with flexible type foam of 18-pcf density would meet nearly all the desired 
physical characteristics. (Later, the thickness of flexible type foam was changed to 
2 in.) Service life could be determined only by usage and time. 

In an effort to determine whether the materials could be satisfactorily placed by 
local forces and to get exposure of the material to varying traffic conditions, foam 
joints were placed at both ends of five bridges in each of four counties in southeastern 
Iowa. On July 15, 1964, a demonstration of the mixing and placing of the foam was 
attended by the foreman from each of the counties involved in the test so he could super
vise the work in his area. Written instructions and charts indicating quantities of the 
components comprising the two types of foam were distributed following the demonstra
tion. 

In the fall of 1964, pressure relief joints at 22 bridges were filled with the combina
tion of rigid and flexible type urethane foam using local maintenance personnel. Several 
were put in during adverse weather. All joints were inspected in December 1964 (air 
temperature at 8:00 a.m. was 4 F), and again in June 1965. All joints were performing 
satisfactorily except at six bridges where they had closed over half their width. That 
is, joints at six bridges that were 4 in. wide when filled in the fall of 1964 had closed 
to approximately 2 in. by June 1965, and had lost the bond between the flexible and 
rigid foam where the depth of flexible foam was less than % in. There did not appear 
to be any deterioration of the rigid type foam in those joints where bond had been 
broken. The loss of bond was not considered a failure of the material because it had 
performed its desired function during the useful life of the joint . Inasmuch as these 
joints had closed half their constructed width, it would be necessary to recut them and 
place new joint filler. 

Inspection of thefoam-filled joints at the original 22 bridges in the spring of 1966 
revealed little, if any, deterioration. Where flexible foam was of adequate thickness 
(1 in. or more) and depressed below the surface 1/2 to % in., there was no loss of bond. 

Our experience to date indicates that "pour-in-place" urethane foam joints are 
rc~dily a.daptable to ou.:r local rnair1tena11ce opei0 atluu:::;. Luca.1 v~1·:::;u1111el are easily 
trained. The materials are not toxic in this open air operation, but the chlorothene 
used to dean the equipment must be used in a ventiiated area. The few items of 
special equipment necessary are inexpensive. The materials cost very little more 
than the bituminous joint filler previously used and are generally conceded to be easier 
to install. 

The joint preparation required some changes in our concrete saws. Previously we 
used 14-in. diameter diamond blades which permitted a 31/2 or 4-in. depth cut. Break
ing out the concrete with jack hammers resulted in breakout in the bottom part of the 
joint being wider than the sawed width, and in effect, resulted in short cantilever 
section of pavement at the joint. By adapting the concrete saws to use 24-in. dian:ieter 
diamond blades, a 9% in. depth of cut was possible and eliminated (except in extra 
thick pavement) this undesirable cantilever section. Relief joints are cut full width of 
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Figure l. Prepared relief joint. 

Figure 2. One-inch vent holes through form on 1-ft centers to al low entrapped air or excess foam to 
escape. 

the pavement and a nominal 4 in. wide (Fig. 1). Joints over 5 in. wide may be objec
tionable to traffic. 

Placing the urethane foam is usually accomplished one lane at a time, using a re
movable form at the centerline or lane line to prevent flow of liquid material into the 
unfilled portion of the joint. 

For proportioning, mixing, and placing the materials after the relief joint is cut, 
the following special equipment items are necessary. 
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1. A container in which to weigh and mix the components . Our present practice is 
to use 2'.A-gal paper ic.e cream cartons beca use it is impra ctical to attempt to clean a 
reusable container after the foam has s et. 

2. A scale or balance to weigh the components. The scale must be fairly accurate 
and easily read. A platform type household scale (the type usually seen at roadside 
vegetable stands) has proved suitable. 

3. For mixing the foam, a 3/a-in. or heavy duty %-in. drill with a speed of at least 
1650 rpm is necessary. An even higher speed drill is desirable so that more thorough 
mixing can be secured in the normal 30-sec mixing time of the two components. 
Thorough mixing is necessary to develop a high quality foam. 

4. Forms to control the height of rise of both the rigid and flexible type foams are 
easily constructed from lumber available at any local lumberyard. Both forms consist 
of a 1 by 8-in. board to which a "lug" or "key" is nailed, which projects into the joint 
the desired depth for the full length of the joint. To place approximately 2 in. of flex
ible foam in the top part of the joint, the key on the bottom of the form for the rigid 
foam should extend into the joint 23/s or 2% in. The key on the forms we have con
structed consists of 2 by 4-in. and 1 by 4- in. boards nailed together (Fig. 2) . It is also 
necessary to keep the surface of the flexible foam approximately 1/2 in. below the sur
face of the pavement to reduce traffic loads on the joint and to eliminate the possibility 
of the joint being damaged by snowplows. A form similar to that used for the rigid 
foam is adequate except that the key or lug projects into the joint a lesser distance. A 
few holes are bored through the form to relieve pressure and excess foam. The pro
cess of placing the joint material has presented no difficulties and can be accomplished 
by a three-man crew. 

For convenience and to simplify the operation, the containers for the various foam 
components have been color coded, and charts have been prepared for various cross
sectional dimensions and widths of joints to provide a guide for the amounts of material 
needed to produce the correct amount of foam for a specific location. 

The rigid foam prepolymer (color coded yellow) and the rigid foam crosslinker (color 
coded white) are stocked in 5-gal units. The flexible foam prepolymer (color coded red) 
is also stocked in 5-gal units. The flexible foam crosslinker (color coded blue) is 
stocked in 1-gal m1its. One of each of the units is usually sufficient to pour a joint in 
each end of a bridge on 24-ft pavement. 

Instructions to the maintenance personnel on the use of the materials are given 
generally in the following form. 

A 2%-gal paper carton (such as is used for delivery of bulk ice cream) is placed on 
a scale, and the scale is adjusted to compensate for the weight of the empty carton. 
From the chart the amount of prepolymcr (color coded yellow) is determined, and this 
material is then poured into the paper carton in the correct amount (Fig. 3). The pre
polymer should then be stirred with an electric drill for not over 3 min to incorporate 
air. A definite color change from dark brown to tan will be noticed when mixed suf
ficiently. After stirring the prepolymer , the carton is placed back on the scales and 
the correct amount of crosslinker (color coded white) is then added. The crosslinker 
catalyst material must be added quickly and the two components must be thoroughly 
mixed with the electric drill. ln normal weather conditions, 70 to 80 F, it is antici
pated there will be approximately a 30-sec period in which the mixing of the two 
materials can be accomplished before they begin to react (Fig. 4). As the temperature 
rises the mixing time decreases. In hot weather it is desirable to keep containers of 
material stored in the shade. After thoroughly mixing the two components, the ma
terial is poured into the joint in a uniform layer for one-half the pavement width (Fig. 
5). The form should then be placed over the top of the material (the form should have 
a projection into the joint of approximately 23/a in. to control the height of the rise of 
the rigid foam, Fig. 6). 

If the form is covered with thin plastic sheeting similar to that used in curing 
concrete pavement, a smooth clean surface can be maintained on top of the rigid 
foam. As soon as the chemical action of the foam material is completed and the foam 
becomes firm (a minimum of 5 min), the form may be removed and the flexible type 
urethane foam may be placed on top. Any of the rigid type foam that has squeezed up 



Figure 3. Weighing material. 

Figure 5. Pouring mixed material into prepared 
joint. 
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Figure 4. Timing mi x ing of foam components. 

Figure 6. Man holding form down until foam has 
completed its rise. 
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Figure 7. Cleaning excess rigid foam from sides 
of joint. 
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Figure 8. Completed joint. 
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along the form or above the controlled height must be removed before placing the flex
ible foam (Fig. 7) . 

The flexible type foam is designed to weigh approximately 18 lb to the cubic foot. 
Here again the amount of materials needed for particular joints can be secured by 
checking the attached charts. The weighing and mixing of the materials will proceed 
the same as with the rigid foam. That is, the prepolymer (color coded red) will first 
be weighed in the correct amount and then the material mixed, for not over 3 min, to 
incorporate air. A definite color change from carmel to milk white will occur when 
properly mixed. The crosslinker or catalyst (color coded blue) is added in the correct 
amount, the materials mixed for approximately 30 sec and then poured in the joint over 
the rigid foam in a uniform layer. Here again, a form over the top of the material 
must be used to control the height of rise of material and to secure proper closure or 
seal at the sides of the joint. 

A 1 by 6-in. or a 1 by 8-in. board with 1/2 or % by 4-in. strip tacked to the bottom 
is a satisfactory form for this operation. Here again, plastic sheeting placed over the 
form results in a smooth textured surface and also facilitates the removal of the form. 
The joint should rernai:i-.. closed to t1-alfic Iur avvruxiu1alely 1 hr (Fig. 8). 

In handling and storing these foam materials it is essential that the component 
materials do not come in contact with moisture. Materials should be stored inside 
where it is dry and temperature is reasonably cool. Containers must be kept closed 
except when actually pouring out materials. 

Best results are obtained if foam material is placed when the air temperature is 
above 70 F. Material has been placed at temperatures as low as 45 F; however, this 
requires heating the material, heating the joint, and additional mixing of both the pre
polymer and combined materials. 

It is recommended in Iowa that relief joints be filled between May 1st and August 
1st. Joints filled after late summer may not become compressed enough before cold 
weather to remain watertight due to slight contraction of the adjacent concrete slabs 
because of thermal change. 
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The mixing and placing process described is for the method presently used. (There 
is a machine available to proportion the components mechanically and spray the foam 
into the joint; however, we have not tried this method.) 

The foregoing procedures and materials have proved satisfactory; however, con
sideration is presently being given to using 10-pcf flexible foam for the full depth of the 
joint rather than the combination of rigid and flexible types. 

When the 10-pcf flexible foam was first used, it was thought that it would not be 
suitable inasmuch as the cells in the top Va or V4 in. seemed to break down under traffic 
within 1 mo. After a rain the surface of the joint absorbed water. It was concluded 
(perhaps too hastily) that this material would not withstand the freeze-thaw action which 
would take place; however, after two winters' experience there does not appear to be 
any further breakdown of the material, and it is considered to be functioning very 
satisfactorily. Further experimentation and study of this type of joint is intended in the 
future. Although the cost of 10-lb flexible foam for full depth would be greater (ap
proximately $110 per bridge as compared to present cost of $75 per bridge), the savings 
realized in mixing time, in less waste material both from mixing operations and in 
partly used shipments, could result in comparable cost. The 10-lb flexible foam has 
the additional advantage of compressing to half its thickness at approximately 25 psi, 
further reducing the possibility of damage to bridges because of pavement pressure. 
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Appendix 
AMOUNTS OF PJGID Al'ID FLEXIBLE FOAM COMPONENTS REQUIRED FOR VARIOUS WIDTHS AND 

DEPTHS-12-FT JOINT LENGTH 

COLOR CODE 
PP151-Yellow 
Xl'/114211-White 
cu. Ft, 4• 
Yellow 
WhitQ 
cu. Ft, s• 
V.e llow 
'lhite • 
Cu. Ft. 6" 
Yellow 
White 
cu. Ft . 7" 
lfellow 
illhite 
Cu. Ft. 8" 
Yellow 
.~hite 

Cu. Ft, 9" 
'Yellow 

2 ,, 

0,67 
L lb, - 9 oz. 
l lb - 7 oz. 

0,83 
l lb . - 15 oz, 
i lb . - 6 oz 

1. 00 
2 lb . - 5 oz. 
11£.. - 11 oz 

l,17 
2 lb. - 12 oz. 
l lb .. 15 oz 

l. 33 
j lb. - , oz. 
2 lb - 4 oz. 

L. 50 
3 lb. - 8 oz. 

R I ~ I D F 0 A M 

JOlN'l' WllY.I'J-1 .. 
3" 

l.00 1. 33 
2 lb, - 5 oz. 3 lb, 
l 11:> - lJ n~ 2 lh 

l. 25 1. 6 7 
2 lb, - 15 oz. 3 lb , 
2 lll,, - 2 O~Czr 2 lb 

L. 50 2,00 
3 lb . - 8 oz. 4 lb 
2 lb - 8 oz 3 lb. 

L. 05 2,33 
4 lb . - 1 oz. 5 lb. 
2 lb. - 15 oz 'J lb. 

2.00 2,66 
4 lb. - lU oz, " lb. 
3 lb. - 6 oz 4 lb. 

2,25 3.00 
5 lb. - 4 oz. 7 lb. 

4" 5 ,, G" 
1. 67 2. 00 

- 2 oz. 3 lb . - 14 oz. 4 lb. - 10 

- 4 n7. 2 lh - B 07. ] lh - 6 -- ~.OB ll. 50 .. 14 oz . 4 lb. - 13 oz , 5 lb, - 13 

- 13 oz. 3 lb , - 8 oz 4 lb.~ 3 

~.so l.00 
.. 10 oz. 5 lb, - 13 oz. 7 lb, - 0 
.. 6 oz. 4 lb. - 3 oz. 5 l b . . 0 

~- 92 ~.so 
- ' oz~ 6 lb. - 13 oz. 8 lb, - 2 

- 14 n? .. ~~ - 14 oz 5 lb. - 14 
'J. 33 ~. 00 - J oz. I lo . - 12 oz. 9 lb. - 5 

- • oz.t:.::.: 5 lb. - 9 oz. fj lb. - ll 
ri . 75 4.50 

- 0 oz . 8 lb. - 12 oz. 10 lb . - 8 

-
oz. 
O?. ~ 

oz . 
oz 1 

oz. 
02 

oz. 
O•L 

uz. 
02 

oz' 
.-, White 2 lb. - 8 oz. 3 lb . - 12 oz . 5 lb .. 0 oz 6 lb.b - 5 oz. .2-,!~......;,? o~--· ~~17- ~ cu. Ft . 10" 1. 67 2.50 3,33 5.00 

Yellow J lb. - 14 oz. 5 lb. - 13 oz. ' lb, - 12 oz, 9 lb. 11 ~z. . 11 lb , - 10 oz. 
White ;i lb. - 13 oz 4 lb - 3 oz. 5 lb. -~ 7 lb, - 0 07.. ~~ - -~u. Ft . 11" 1.83 2. 75 3.6 / ~.58 s.so 
~ellow 4 lb. - 4 oz. 6 lb , - h oz, R lh - 9 oz . 10 lb . - 10 oz. 12 lb. - lJ oz . 
White 3 lb. - 1 oz . 4 lb - 10 oz . 6 lb - 2 oz '/ lb - 11 oz 9 lb -· 3 02 - -~u. Ft. 12 . 2.00 J.00 4.00 s.oo G.oo 
~ellow 4 lb. - 10 oz. 7 lb, - 0 oz, 9 lb. - 5 oz, 11 lb. - 10 oz . 13 lb. - 15 oz, 
fuite 3 lb - 6 oz . 5 lb . - 0 oz 6 lb . - ll oz 8 lb. - 6 oz. 10~!!;...;....l-E?." . -- -
COLOR CODE 
PPlllB-Red _____ J_oJ!!H .. !~,,_l-:u,_T,_,fl ______ ~-------~---------
FC24-Bl!;~c....,._..,._ ___ -"2_• ___ ; ~· 4" 

l " 0.11 o.zs-··---·-~l.J-3__ _ a.so 
6" 

Cu. Ft. 
Red 

::r: 81.ue 

~ ~~d Ft. 

!;; Blue 

8 Cu~ Ft, 
~Red 

___ Bt~ ... 

2 lb, - 11 OZ , J lb. - 15 •)Z • 5 lb , - ) OZ , 7 lb. - 14 OZ • 

2.J:~ ~C~z o lh ~.~91~~~;.l~!~~!"""..,.,...~="'""""""""""11-""'l""'l~b...,_.._..l,..,~.z...,,~ 
2· 0,33 o. so o,6• , nn 

$ lb . - oz . ·; lb ... 14 uz, 10 lb , - 9 oz. 13 lb, - oz. LS- lb . - 13 oz . 
O lb. - 12 "~... 1 tb_,_:;_..J_~ ..L..!£,__;_,.a_..o .. z ,_._.,,__l_..lb-...._-_..14._.._oz~· +2"-·l"'b...,... _ ___ J;;.....o ... •..._ __ 

3" 0.5o ,o.,; 1 .00 Rs l,5o 
) lb . - 14 oz. IJ lb. - l) oz J; lb. • 13 oz. lb, •· 12 oz. 23 lb . - ll oz. 

~~_.~}..!'!a~.J~!?; •. ~.1!~ ~~ l~~ ;-_Lo~•-· ~ • .,'...r-_l,_2=0,.z...,."""3"'-'"'lb~·~~~ 




