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Performance of Concrete Pavements as 
Related to Subbase Construction Methods 

PHIL FORDYCE, Senior Paving Engineer, and 
J . D. GEESAMAN, Laboratory and F i e l d Studies Engineer, 
Highways and Municipal Bureau, Portland Cement Association 

F i e l d studies of the performance of concrete pavements 
"built on subhases of various designs and materials show-
that the method of subbase constriictlon i s an Important 
factor. Unifomity of gradation was found to be the 
one subbase quality having the most Influence on pave­
ment performance. Subbase materials having a small 
maximum s i z e were found generally to perform better 
than coarser materials because segregation i s l e s s 
l i k e l y to occur during placement. 

Information was obtained during the construction 
of 28 projects I n many parts of the country represent­
ing t y p i c a l subbase construction methods. The e f f e c t s 
on subbase density and gradation of various construc­
t i o n operations axe discussed. These Include methods 
of subgrade compaction, subbase mixing, placement and 
compaction, and fine-grading. 

Heavy construction t r a f f i c on the completed sub-
base n u l l i f i e s the e f f o r t s expended to obtain uniform­
i t y and r e s u l t s i n substandard pavement performance. 

• SIKCE 1952, the Portland Cement Association has been engaged i n an ex­
tensive study of subbases for concrete pavements. This study has been 
ceirried on i n cooperation with the state highway departments of New York, 
MissoTori, Indiana, Michigan and North Carolina. The purpose i s to study 
the r e l a t i v e performance of pavements b u i l t on subbases of various designs 
and thicknesses and representing a v a r i e t y of materials, i n order to estab­
l i s h minimum subbase requirements for a wide range of t r a f f i c , s o i l s and 
climatic conditions. 

During the course of these studies I t became increasingly apparent 
that the practices employed i n subbase construction have an important i n ­
fluence on pavement performance. One of the main reasons for using sub-
bases i s to prevent pumping. Therefore, a c a r e f u l investigation was made 
wherever Joint pumping was observed on pavements b u i l t on subbase. I n 
each case the ca\ise of the pumping was traced to one or more improper con­
struction p r a c t i c e s . I n some cases gravel had come from a pocket of i n ­
f e r i o r material i n the p i t or had become mixed with an excessive amount 
of overburden material. I n others a l e v e l i n g course of fine-grained s o i l 
had been placed on top of the subbase, or the subgrade s o i l had been mixed 
into the subbase by construction t r a f f i c during wet weather. I n one case, 
for example, the subbase had been exposed to heavy truck t r a f f i c through­
out an entire winter and at times trucks had become mired down so badly 
that they had. to be towed across the project. By the time of paving, the 
subbase was badly contaminated and since i t was not replaced, pumping de­
veloped. The appearance and gradations of the materials under the pave-
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Figure 1. Figure 2. 

ment on t h i s p r o j e c t are shown i n Figures 1 and 2. Curve "A" shows the 
grad a t i o n of m a t e r i a l d i r e c t l y beneath the pavement. This l a y e r v a r i e d 
I n depth from 2 t o 4 i n . Cinrve "B" shows the gra d a t i o n of the subbase 
l a y e r b u r i e d below 2 t o i | I n . of s o i l susceptible t o pumping. 

Another purpose of subbases i s t o c o n t r o l f r o s t a c t i o n . I n some 
cases when the subbase was placed i n such a manner t h a t i t became badly 
segregated, d i f f e r e n t i a l heave has occurred w i t h i n the granular l a y e r i t ­
s e l f . Areas which are d e f i c i e n t i n f i n e s act as r e s e r v o i r s f o r the c o l ­
l e c t i o n of water, which can l e a d t o the formation of Ice lenses i n ad­
jacent areas which have excessive amounts of f i n e m a t e r i a l . When the 
pavement and subbase are f r o z e n s o l i d l y t o g e t h e r , the d i f f e r e n t i a l heave 
can cause cracking i n the pavement and an uneven surface. 

I n many cases v a r i a b l e performance occurs w i t h i n I n d i v i d u a l p r o j e c t s . 
On many of these p r o j e c t s the type of s o i l , sources of m a t e r i a l s , and t r a f ­
f i c are the same from one end of the p r o j e c t t o the other, and the pave­
ment and subbase design and c l i m a t i c c o n d i t i o n s are uniform throughout. 
On one 10-year o l d p r o j e c t , f o r example, there are some sections i n e x c e l -
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lent condition, while others have not performed as w e l l as expected. Two 
sections of t h i s project were selected for detailed subbase sampling, one 
representing the good performance and one representing the poor perform­
ance. I n each section s i x samples of subbase materiaJ. were removed from 
under the heavily traveled lane of pavement at 10-ft i n t e r v a l s . Samples 
from the section with poor performance have wide variations I n gradation 
as shown by the band i n Figiire 3 . The gradation of the sample at one l o ­
cation may be along the top of the band while that of a sample from only 
10 f t away may be near the lower l i m i t of the band. On the other hand 
the gradations of the samples from the section with good performance are 
nearly i d e n t i c a l , a l l f a l l i n g within the narrow range shown i n Figure k. 
This Indicated that the poor performance i s due to nonuniform support of­
fered by the segregated subbase. 

Segregation of subbase material d-uring construction r e s u l t s i n var­
iations i n density, moisture content and permeability. These may eventual­
l y cause variations i n the density and moisture content of the subgrade 
s o i l , which adds up to possible damage to the pavement due to d i f f e r e n t i a l 
support. Therefore, a subbase with a f a i r l y constant gradation w i l l re­
s u l t i n Improved pavement performance. Reducing segregation to a minimum 
by c a r e f u l handling and mixing during construction i s w e l l worth the ef­
f o r t . 

Attempting to determine how a subbase was b u i l t a f t e r i t has been i n 
service for some time i s a d i f f i c u l t task and often involves making as-
simptions which may not be true. To obtain more detailed information on 
the relationship of subbase construction methods and pavement performance, 
a s e r i e s of s p e c i a l subbase study sections axe being established through­
out the coimtry. At present 28 of these sections have been set up i n nine 
st a t e s . The locations are shown i n Figure 5* On these sections the sub-
base construction i s c l o s e l y observed, t e s t s are mad.e on the subbase and 
samples of subbase material are taken for laboratory t e s t s . Thus the fu­
ture performance of the pavement on these sections can be correlated with 
subbase construction methods. 

These sections are on projects representing a wide range of climate, 
s o i l types and subbase design and materials. Routes that carry substan­
t i a l , volumes of heavy truck t r a f f i c were chosen i n order that the perform­
ance trends can be established i n a minimum length of time. 

A 2 ,000-ft section of each project included i n t h i s study i s selected 
to represent normal construction for that project. Every e f f o r t i s made 
to see that these sections are b i i i l t i n the normal manner so that t y p i c a l 
construction methods axe being studied. 

When the section has been fine-graded and a l l subbase work completed, 
the t e s t s are made on the subbase j u s t ahead of the paver. Density and 
moisture t e s t s are made at frequent i n t e r v a l s and samples are taken at 
each t e s t s i t e for laboratory detennination of gradation, p l a s t i c i t y i n ­
dex and to e s t a b l i s h standard moistiire-density curves. The t e s t s i t e s are 
staggered transversely so as to include the f u l l width of the lane being 
studied. Additional t e s t s have been made on several sections. These have 
included a f u l l s e r i e s of t e s t s both before and a f t e r fine-grading, t e s t s 
on the subgrade s o i l s , a number of t e s t s i n small areas to determine the 
degree of uniformity, and f i e l d GBR t e s t s . Complete written and photo­
graphic records of construction methods are made on each section. 
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Detailed pavement condition surveys are made on these sections per­
i o d i c a l l y for a number of years u n t i l the performance trends have been 
established. The i n i t i a l survey i s made aft e r paving and before the rosid 
i s opened to t r a f f i c . 

Since the oldest sections are located on projects b u i l t i n 19^k, def­
i n i t e performance trends have not yet been established. However, t e s t r e -
s\ilts for most of the sections are availa b l e . They i l l u s t r a t e subbase con­
ditions r e s u l t i n g from t y p i c a l construction methods. 

The uniformity of subbase density achieved from a given compactive 
e f f o r t depends to a large extent on the uniformity of subbase gradation. 
The prevention of segregation i s extremely d i f f i c u l t for material with a 

very large maximum s i z e . Figure 6 
shows the large range of densities 
on a section with a bank-nm gravel 
having a 4-ln. maximum s i z e . The 
wide band i n Figiu-e 7 represents 
the wide range i n gradations of the 
subbase material on t h i s section. 
The curves inside the band i l l u s ­
t r a t e typiceil gradation variations 
between indivi d i i a l samples. 

Figure 8 shows the density 
t e s t r e s u l t s for a section having a 
gravel subbase with a smaller max­
imum s i z e . Densities are uniformly 

1 . 
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1 .11. 
1596 1598 1600 
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high except at Station hl'JS. The 
gradations of the samples from t h i s 
section are p r a c t i c a l l y i d e n t i c a l , 
a l l f a l l i n g within the narrow band 
i n Figure 9, except at Station 4l79 
which was the location of the lower 
density. I f a l l the material had 
the same gradation as that at Sta­
ti o n J+179 the compactive e f f o r t 
and moisture content could have 
been adjusted to give uniformly 
high den s i t i e s . However, since 
the material i s different from the 
siarrounding material, but received 
the same amount of moistxire and 
compaction, the res u l t i n g density 
was diffe r e n t . 

Figiure 10 shows uniformly 
high densities on a section where 
a similar material was used and 
the gradations of samples from 
t h i s section ( F i g . l l ) are nearly 
i d e n t i c a l , a l l f a l l i n g within a 
narrow range. 

SUBGEADE 
I f the subbase i s to be com­

pacted to a uniform density and 
provide uniform support for the 
pavement, i t must l i e on a uniform 
subgrade. Soft spots should be l o ­
cated by proof-rolling or other 
means, and then excavated and re-
compacted. I f the soft spot con­
s i s t s of a pocket of s o i l which has 
sharply different properties from 
the surrounding s o i l , i t should be 
replaced with the same type of s o i l 
as the adjacent subgrade. Even 
support cannot be obtained merely 
by dumping extra granular material 
on the soft spot as was done at 
the location shown i n Figures 12 
and 13. 
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— - - - -— - - - -One of the most important con­
siderations i n subgrade construc­
tion i s moist\are control. I f the 
subgrade i s too wet the subbase 
w i l l be ground down into i t d-uring 
construction and construction t r a f ­
f i c w i l l cause rutting. I f the subgrade i s too dry, e s p e c i a l l y i f i t con 
tain s a s i g n i f i c a n t amount of clay, i t w i l l became unevenly wet and soft 
during the f i r s t heavy rains a f t e r paving. The moisture content w i l l i n -

FigTure 9. 
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crease more r a p i d l y a t the j o i n t s 
and a t the pavement edges causing 
excessive s o f t e n i n g at these loca­
t i o n s ^ uneven support f o r the pave­
ment and possible damage during i t s 
e a r l y l i f e . . | . . . 

An example of t h i s can be found 
i n a group of p r o j e c t s w i t h the same-' 
pavement and sublease design^ b u i l t 
on s i m i l a r s o i l s and subjected t o 
s i m i l a r t r a f f i c , but i n which i n d i ­
v i d u a l p r o j e c t s are performing q,uite 
d i f f e r e n t l y . Some of these p r o j e c t s 
were b u i l t during a p e r i o d of pro­
longed drought and the subgrades 
were placed and compacted w i t h o u t 
adding water. The pavements have 
developed s t r u c t u r a l damage at an 
e a r l y age. The other p r o j e c t s i n 
t h i s group were constructed during 
periods of normal r a i n f a l l . They 
have no s t r u c t u r a l damage even 
though the pavements are old e r . 

S o i l s c o n t a i n i n g appreciable 
amounts of c l a y w i l l have the low­
est p e r m e a b i l i t y and r e t a i n the 
highest degree of s t a b i l i t y when 
they are compacted a t or s l i g h t l y 
above the standard optimiom moisture _ 
content (AASHO 'S^^)±I . Heavy c l a y 
s o i l s tend t o be somewhat rubbery 

at t h i s moisture content^ which sometimes causes d i f f i c u l t y i n compacting 
an o v e r l y i n g t h i n l a y e r of granular m a t e r i a l t o the r e q u i r e d high d e n s i t y . 

Figure 11. 

Figure 12. Figure 13. 

l / l n Highway Research Board B u l l e t i n 58 "Compaction of Embankments, Sub-
grades, and Bases," page 12: " S o i l s compacted a t optimum moisture con­
t e n t have lower p e r m e a b i l i t y and a grea t e r r e s i s t a n c e t o s o f t e n i n g than 
dry s o i l s a t equal d e n s i t i e s . " . i j 



This problem has been successfully solved i n many cases by the use of pan-
type vibrators i n compacting the subbase. 

Subbase Moisture-Density 
Granular subbases are susceptible to consolidation from vibration 

which occurs from t r a f f i c passing over the pavement. To reduce t h i s con­
solidation to a minimum, the subbase should be compacted to as high a 
density as practicable during c o n s t r u c t i o n ^ . This i s done most effec­
t i v e l y when the material i s at i t s optimum moisture content, which usually 
means that additional water w i l l be required. In order to get uniform 
density t h i s water must be thoroughly mixed into the material u n t i l i t has 
a uniform moisture content. This mixing i s also b e n e f i c i a l i n reducing 
segregation. 

When the water i s added after the material has been spread, on the 
grade, the mixing i s e f f e c t i v e l y accomplished by the use of mortar grad­
ers or multiple pass type mixers. I f the water i s added on the grade and 
not mixed into the subbase, i t w i l l usually penetrate only about i n . 
even i n f a i r l y permeable materials. 

The mixing of subbase materials and water i n p\agmills i s becoming 
more widespread. The material i s then placed evenly on the grade by ag­
gregate spreaders. The s l i g h t additional cost of t h i s method i s often 
offset by the ease i n placing and compacting the material. 

Ten- to twelve-ton steel-wheel r o l l e r s are s t i l l extensively used for 
compacting subbases. They produce s a t i s f a c t o r y densities on most granular 
materials except cohesionless sands. However, i f the material has a large 
maximum s i z e , these r o l l e r s tend to ride on the high spots, bridging and 
leaving loose material i n the low spots. Rubber-tire r o l l e r s are ef f e c t i v e 
in producing linifoimly high densities by adjusting to uneven surfaces and 
l o c a l areas of loose material. They have a kneading action which knits 
the granular p a r t i c l e s together into a dense mass. Heavy rubber-tire 
units weighing 30 to 50 tons or more have been used on some of the pro­
j e c t s included i n the s p e c i a l study section group. They are p a r t i c u l a r l y 
useful i n locating soft spots. Vibratory compacters, both the pan type 
and vibrating r o l l s , are now widely used to obtain high densities i n many 
types of granular materials. Sometimes a combination of two types of com­
paction equipment i s the most effective means of producing the required 
density. 

FINE-GRADING 
The d i f f i c u l t y i n fine-grading increases as the maximum si z e of the 

subbase material increases. Pit-rim gravel containing large stones i s 

2/ln Highway Research Board B u l l e t i n 58, page 2k, the suggested range of 
densities for granular subbases for r i g i d pavements i s 100-105 percent 
of AASHO maximum density when construction t r a f f i c does not use the pre­
pared subgrade and 100-110 percent when construction t r a f f l c . h a u l s over 
the prepared subgrade. I n the paper "Performance of Subbases for Con­
crete Pavements under Repetitive Loading," by B. E. Colley and W. J . 
Nowlen, presented to the Highway Research Board i n I958, one of the con­
clusions of a laboratory study of the densification of granular subbase 
materials i s that compaction to at l e a s t 100 percent of AASHO maximum 
density i s required i f densification imder t r a f f i c i s to be small. 
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Figure ih. F i g i i r e I5. 

p a r t i c u l a r l y d i f f i c u l t t o fine - g r a d e . A f t e r the I n i t i a l compaction of 
t h i s type of m a t e r i a l , the subbase o f t e n has t o be loosened by s c a r i f i c a ­
t i o n t o a depth of about k i n . and the l a r g e r stones near the siirface must 
be removed by hand before the fi n e - g r a d e r can work on i t (F i g s , ik and I 5 ) . 
A f t e r f i n e - g r a d i n g , the la r g e stones which have been brought t o the sur­
face have t o be removed and the r e s u l t i n g depressions f i l l e d w i t h f i n e r 
m a t e r i a l . With small-sized m a t e r i a l , such as sand, f i n e - g r a d i n g i s o f t e n 
e f f e c t i v e l y accomplished by a motor grader or a tra c t o r - d r a w n heavy 
straightedge r i d i n g on the forms. j 

The surface of the subbase i s u s u a l l y loosened and some l o s s of mois­
t u r e occurs du r i n g f i n e - g r a d i n g operations. Because of t h i s , s p r i n k l i n g 
and recompacting the top l a y e r a f t e r f i n e - g r a d i n g i s r e q u i r e d t o r e s t o r e 
u n i f o m d e n s i t y t o the f u l l depth of the subbase. Generally the heavier 
compaction equipment i s employed before the forms are set. A f t e r the sur­
face has been d i s t u r b e d by f i n e - g r a d i n g , r e s t o r a t i o n of the I n i t i a l h i g h 
d e n s i t i e s t o the top 1 t o 2 i n . o f subbase i s o f t e n neglected. 

When the f u l l w i d t h of the subbase i s l e f t s l i g h t l y h i g h a f t e r i n i ­
t i a l compaction, the f i n e - g r a d i n g i s a c u t t i n g operation and the d i s t u r b ­
ance of the subbase surface and r e s u l t i n g v a r i a t i o n i n d e n s i t y , g r a d a t i o n 
and p e r m e a b i l i t y i s reduced. However, when the subbase i s l e f t h igh i n 
the middle and low a t the sides, v a r i a t i o n across the w i d t h of the road­
way i s l i k e l y t o occur since the edges are brought up t o grade by f i l l i n g 
i n w i t h loose m a t e r i a l w h i l e the i n i t i a l d e n s i t y i s r e t a i n e d or Increased 
i n the center. This i s e s p e c i a l l y t r u e when the subbase immediately next 
t o the forms i s neglected during f i n a l compaction. 

F i n a l compaction i s sometimes attempted by means of a series of small 
s t e e l r o l l e r s attached t o the rear o f the f i n e - g r a d i n g machine. This meth­
od does not always prove s a t i s f a c t o r y i n o b t a i n i n g the r e q u i r e d u n i f o r m l y 
h i g h d e n s i t i e s i n the subbase. The r o l l e r s are too l i g h t f o r e f f e c t i v e 
compaction, and since they are attached t o the fi n e - g r a d e r only one pass 
i s made regardless of the den s i t y achieved. | 

One f u t i i r e maintenance problem associated w i t h f i n e - g r a d i n g i s the 
handling of the excess subbase m a t e r i a l . When a f i n e - g r a d i n g machine i s 
used the excess m a t e r i a l i s o f t e n deposited i n a windrow j u s t outside the 
side forms. I f t h i s m a t e r i a l i s not removed, or spread out and compacted 
during shoulder c o n s t r u c t i o n , i t can l e a d t o t r o u b l e a t the pavement edge. 
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Figure l 6 i l l u s t r a t e s one e f f e c t of water a c t i o n which may occur when the 
windrow of excess subbase m a t e r i a l i s l e f t i n a loose c o n d i t i o n during 
shoulder c o n s t r u c t i o n . Figure I7 shows the windrow exposed I n a shoulder 
excavation at the same l o c a t i o n . This excess m a t e r i a l causes no problem 
i f i t i s spread out and compacted. Some f i n e - g r a d i n g machines deposit 
t h i s excess m a t e r i a l d i r e c t l y i n t o t r u c k s f o r re-use I n another l o c a t i o n . 

One c o n s t r u c t i o n p r a c t i c e which maJies I t p r a c t i c a l l y Impossible t o 
secure a uniform subbase i s t h a t of operating the paver between the forms. 
Not only does the paver t e a r up a w e l l - b u i l t subbase, but the batch t r u c k s 
n e c e s s a r i l y d r i v e over the completed grade. The batch t r u c k s cause con­
siderable r u t t i n g and segregation, p a r t i c u l a r l y at turn-around l o c a t i o n s 
and where the forms are removed f o r t h e i r entrance and e x i t as shown i n 
Figure I 8 . I n wet weather the 
tr u c k s t r a c k mud onto the complet- , . _V•'... .' 
ed subbase. An example of t h i s i s 
I l l u s t r a t e d i n Figinre I9. The 
batch t r u c k s g e n e r a l l y operate 
down the middle of the subbase, 
e s p e c i a l l y when they have t o cross 
over the f i n e - g r a d i n g machine. As 
a r e s u l t t h i s heavy t r a f f i c pro­
duces higher d e n s i t i e s i n the cen­
t e r o f the roadway then the com­
pa c t i o n equipment can achieve 

•'-,-•.-••! Figure 18, 

along the edges. This uneven den­
s i t y across the w i d t h of the road­
way sometimes r e s u l t s i n serious de­
f e c t s I n the pavement, such as long­
i t u d i n a l c racking, due t o d i f f e r e n ­
t i a l support. 

SUMMARY AND CONCLUSIONS 

F l g i i r e 19. mg. 
U n i f o r m i t y I s the key t o b u l l d -
a subbase which w i l l enable the 
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pavement to r e t a i n i t s o r i g i n a l smoothness for maioy years. To provide a 
viniform support for the pavement the subhase must l i e on a uniform sub-
grade and have uniform density, gradation and permeability when the pave­
ment i s placed, and must be designed and b u i l t so that i t w i l l r e t a i n these 
uniform q u a l i t i e s throu^out the l i f e of the pavement. 

The following construction procedures have been fo\md to contribute 
towards providing unifomi pavement support: 

1. Selective grading and cross hauling r e s u l t s i n more imiform con­
ditions i n the upper part of the subgreide. 

2. Close moisture control during grading operations, keeping the 
compaction moisture content at or s l i g h t l y above optimum (AASHO T99), pro­
vides a more uniformly stable fomdation. When the subgrade has dried out 
before the subbase i s placed, loosening of the top 6 i n . followed by re-
compaction at the proper moisture content reduces damage due to differen­
t i a l support caused by vmeven softening during the f i r s t wet weather af t e r 
paving. 

3. Proof-rolling by heavy r o l l e r s locates soft spots i n the subgrade. 
Ebccavation and recompaction at these locations and replacing or mixing 
pockets of s o i l having d i s s i m i l a r c h a r a c t e r i s t i c s controls damage from 
d i f f e r e n t i a l s o i l volume changes. 

k. The use of subbase material with a maximum si z e of about 1^ i n . 
or l e s s reduces segregation and f a c i l i t a t e s placement, compaction and f i n e -
grading . 

5. Thorough mixing of the subbase material i n pugmills or on the 
grade reduces d i f f e r e n t i a l support due to uneven density, moist\are con­
tent and permeability caused by segregation. By adding the reqiiired a-
moimt of water for e f f e c t i v e compaction dioring the mixing operation, the 
moisture content w i l l be imiform for the f u l l depth and width of the sub-
base during compaction. 

6. Compacting the subbase to the highest practicable uniform density 
reduces consolidation due to t r a f f i c vibration. Close moisture-density 
control i s needed af t e r fine-grading as w e l l as before. 

7. Realignment of forms which have s e t t l e d during wet weather pre­
vents variations i n subbase thickness due to the removal of excessive 
amounts of subbase material during fine-grading. 

8. Removing or spreading and compacting excess subbase material de­
posited along the edge of the pavement by the fine-grader reduces exces­
sive water action at that location. 

9. Mixing and recompacting a subbase which has been used as a detour 
or haul road restores the uniformity l o s t due to heavy t r a f f i c passing 
over the unprotected subbase. Keeping a l l t r a f f i c off the grade follow­
ing f i n a l compaction insures that the benefits to be derived from good 
subbase construction w i l l not be l o s t . I t i s p r a c t i c a l l y impossible to 
provide \mifoim support for the pavement when paver and batch trucks are 
operated between the forms. 

I n the f i n a l analysis i t i s the combination of pride i n workmanship, 
good inspection and a thorough knowledge of l o c a l pavement performance 
which has the greatest influence on improving the quality of construction 
and futiare pavement performance. A regular check of pavements both under 
construction and i n service i s the only way to determine what construc­
t i o n methods are best suited for overcoming problems which are associated 
with l o c a l conditions. 



Joint Construction in Concrete Pavement 
GORDON K. RA.Y, Manager, Higiiways and Municipal Bureau, 
Portland Cement Association 

Research and design engineers have developed a vast 
storehouse of information on performance of various 
types of j o i n t s i n portland cement concrete pavements. 
The performance of such j o i n t s depends to a large de­
gree on the type and q^uaJLity of t h e i r construction. 
Caxeless construction practices or incorrect methods 
of construction r e s u l t i n g from a lack of knowledge of 
the j o i n t function r e s u l t s i n pavements with below 
standard riding c h a r a c t e r i s t i c s and maintenance proh-
lems. Correct construction procedures for various 
j o i n t types are outlined and i l l u s t r a t e d . I n s t a l l a ­
t i o n of dowels, tiebars and expansion j o i n t f i l l e r s 
i s explained. 

• DURING THE l a s t two decades, design engineers, research engineers and 
materials engineers i n our highway departments have learned much about the 
performance of j o i n t s i n concrete pavements. Laboratory studies, experi­
mental pavements and condition surveys of existing pavements have enabled 
them to design and specify simpler, better j o i n t s for concrete. Construc­
t i o n engineers have not always attached s u f f i c i e n t importance to the pre­
c i s i o n of j o i n t construction methods to assure that they w i l l function as 
designed. 

There are four general types of j o i n t s i n use today, each with a d i f ­
ferent purpose. A l l w i l l perform properly i n pavement i f they are proper­
l y constructed. To insure proper construction of j o i n t s , the construction 
engineer, the resident and the inspector should understand t h e i r function. 
I f they understand how a j o i n t should work and why the design engineer se­
lec t e d a p a r t i c u l a r type of j o i n t for a p a r t i c u l a r location, they w i l l do 
a better job of construction supervision. I f they i n turn explain to the 
contractor's personnel how a p a r t i c u l a r j o i n t w i l l function, i t i s more 
apt to be b u i l t as planned. 

The four j o i n t types, t h e i r purpose and design w i l l be discussed. 
Then each j o i n t type i s tak:en up and s a t i s f a c t o r y construction procedures 
outlined. I n some cases there may be several different methods of con­
struction which w i l l produce a suitable j o i n t . Wherever possible more 
than one acceptable method w i l l be discussed. 

JOINT TYPES 
A l l concrete pavement j o i n t s can be grouped into one of the following 

general types: longitudinal, contraction, expansion, and construction. 
Each has a different but s p e c i f i c function i f the pavement, highway or 
a i r f i e l d i s to give the most s a t i s f a c t o r y performance under t r a f f i c . A l l 
j o i n t s connect individual slabs to form a pavement and a l l permit some 
type of movement. Slab edges represent s t r u c t u r a l weaknesses i n the slab 
and j o i n t s must be designed to strengthen these edges and prevent d i f f e r ­
e n t i a l v e r t i c E i l movement. For t h i s reason nearly a l l j o i n t s are provided 
with some type of load t r a n s f e r between slabs. 

11 
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Sawed or formed groove 
or premolded strip 

Deformed tiebar 

Figure 1. Longitudinal center j o i n t . 

Longitudinal center j o i n t s are j o i n t s i n the direction of paving and 
are provided i n a l l street and highway pavement b u i l t i n lanes over ahout 
15 f t wide. They are also used i n some a i r f i e l d pavement hut may he omit­
ted i n thicker pavements hy some engineers. These center j o i n t s are i n ­
tended to re l i e v e the transverse stresses which develop from wheel loads 
and slab curling or warping due to moisture and temperature d i f f e r e n t i a l s 
i n the pavement and variable subgrade support result i n g from s o i l swelling 
or shrinking. 

These center j o i n t s are not intended to open and close. To prevent 
such horizontal movement they are usually provided with deformed tlebars 
embedded i n both slabs across the j o i n t ( F i g . l ) . Load transfer between 
lanes i s usually provided by the aggregate interlock which develops be­
low the surface groove. Some states have used a deformed metal plate for 

t h i s j o i n t to provide a keyway or 
tongue and groove for load trans­
f e r . Some engineers refer to these 
center j o i n t s as hinged j o i n t s . I n 
some states using lane-at-a-time 
paving, construction j o i n t s take 
the place of these center j o i n t s . 

Contraction j o i n t s are trans­
verse j o i n t s used to r e l i e v e longi­
tudinal stresses due to contraction 
as the concrete cools and loses 
moisture. Contraction j o i n t s also 

r e l i e v e longitudinal stresses due to loads and curling or warping and con­
t r o l the location of transverse cracking i f properly spaced. Some engi­
neers r e f e r to these as cracker j o i n t s , plane of weakness j o i n t s , or dummy 
grooves. They a l l r e l i e v e contraction stresses i n the concrete. Since 
contraction j o i n t s generally open somewhat as the slab cools and hardens, 
some space develops at each j o i n t for l a t e r pavement expansion. I f a l l 
foreign material i s kept out of these openings, the contraction j o i n t s 
also serve as expansion j o i n t s , making regularly spaced expansion j o i n t s 
unnecessary. 

Load transfer to strengthen transverse slab edges and prevent d i f f e r ­
e n t i a l movement under t r a f f i c i s provided by means of aggregate Interlock 
or by means of dowels or other mechanical load-transfer devices ( F i g . 2 ) . 
The need for dowels I s determined 
by the design engineer and i s based 
upon j o i n t spacing, t r a f f i c , sub-
grade support and other f a c t o r s . 

No tlebars are used, since 
they would prevent pavement con­
t r a c t i o n and free longitudinal 
movement at these j o i n t s . I f 
dowels are provided for load trans­
f e r , they must be coated with a 
bond breaker to permit free h o r i ­
zontal movement i n the pavement. 

/-Sowed or formed groove 
^ ôr premolded strip 

T/g min. 

"^Lood transfer 
(If specified) 

Figure 2. Contraction j o i n t . 

Some engineers carry distributed s t e e l or deformed tlebars through cer­
t a i n transverse j o i n t s and discontinue i t at others. This r e s t r i c t s long­
i t u d i n a l contraction at these so-called warping j o i n t s and causes larger 
movement at the other j o i n t s where dowels are normally provided. 
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ExpaJision j o i n t s are usually transverse j o i n t s used to r e l i e v e ex­

pansion stresses i n the concrete by providing room for expansion. An ex­
pansion j o i n t i s f i l l e d v i t h a nonextruding, compressiTDle material. The 
f i l l e r must have s u f f i c i e n t strength p a r t i a l l y to r e s i s t horizontal slab 
movement but to permit such movement before crushing or buckling stresses 
developed i n the concrete. 

Engineers have found that c l o s e l y spaced contraction j o i n t s provide 
adequate space for expansion under normal conditions and, therefore, reg­
u l a r l y spaced expansion j o i n t s are no longer used i n most pavement. They 
are s t i l l used, however, adjacent to most bridges and other f i x e d struc­
tures and at certain intersections. They may also be used i n the longi­
tudinal direction i n certain wide pavement areas such as a i r f i e l d s to 
protect hangars and drainage structures from expansion stresses i n the 
transverse direction. 

-Formed groove 

Load transfer 7^ 

o- \"m\n.Vlty2 

- J L 

°; Expansion cap^ 

" ^ E d g e thickening 
—^ I—W (if specified) 

Figure 3. Expansion j o i n t . 

I n these j o i n t s , the expansion 
f i l l e r prevents aggregate i n t e r ­
lock from serving as load transfer 
so dowels or other load transfer 
devices must be provided between 
slabs (Fig. 3)» These dowels must 
be free to s l i p i n the concrete to 
permit horizontal movement i n the 
j o i n t . A recess or socket must be 
provided at one end of the dowel 
equal to the thickness of the f i l ­
l e r i f the j o i n t i s to be able to 
function properly. I n some cases 
where dowels are not used as load 
transfer devices at expansion 
j o i n t s , the slab edges adjacent to the f i l l e r are thickened at t h i s l o ­
cation. While t h i s design may provide the extra strength usually furnish­
ed by dowels, i t does not prevent d i f f e r e n t i a l v e r t i c a l movement at the 
j o i n t . 

Construction j o i n t s are transverse header j o i n t s put i n at the end 
of each day's run or longitudinal j o i n t s between lanes of multiple lane 
pavement. The purpose of such j o i n t s i s to divide large pavement areas 
into convenient s i z e s for paving. Longitudinal construction j o i n t s are 
usually provided with deformed tiebars or t i e b o l t s to prevent horizontal 
movement and keyways or tongue and grooves b u i l t into slab edges to pro­
vide load transfer between lanes. 

A transverse construction j o i n t may serve as a contraction or expan­
sion j o i n t i f i t s location coin­
cides with that of a planned trans­
verse j o i n t . I f i t i s to be a con­
t r a c t i o n j o i n t , a butt-type j o i n t 
i s formed by the header or trans­
verse form and dowels are used for 
load transfer across the j o i n t . I f 
the j o i n t i s to be an expansion 
j o i n t , a f i l l e r i s placed against 
the temporary header. Transverse 
construction j o i n t s which do not 
occur at regular j o i n t locations Figure k. Construction j o i n t . 

Formed or sawed 
groove 

Deformed tiebar 



are g e n e r a l l y t i e d w i t h t i e b a r s t o prevent movement ( F i g . k). This i s im­
p e r a t i v e i n m u l t i p l e lane pavements. Keyways may be provided i n such 
cases t o insure l o a d t r a n s f e r since t l e b a r s alone are not adequate f o r 
t h i s purpose across b u t t J o i n t s . . ,, . . 

CONSTRUCTION PROCEDURES 
There are a number of methods of c o n s t r u c t i n g each j o i n t type which ., 

are s a t i s f a c t o r y i f proper a t t e n t i o n i s p a i d t o each d e t a i l of construc­
t i o n . Some of the more common acceptable methods of j o i n t c o n s t r u c t i o n 
are discussed. The method selected must r e s u l t i n a durable, smooth-rid­
in g j o i n t which w i l l f u n c t i o n as intended w i t h o u t s p a l l l n g , cracking or 
d i f f e r e n t i a l v e r t i c a l movement. i j 

L o n g i t u d i n a l center j o i n t s are n e a r l y always some type of surface 
groove. These grooves reduce the pavement cross-section and the r e s u l t ­
i n g plane o f weakness i n the slab w i l l r e s u l t i n a crack below the groove 
as transverse stresses develop. The depth of groove must be equal t o a t ; 
l e a s t one-fo\irth of the slab thickness t o c o n t r o l l o n g i t u d i n a l cracking. 

The best method o f forming these grooves i s by sawing the hardened 
concrete ( F i g . 5 ) . This may be done 
any time before the pavement i s open­
ed t o t r a f f i c . Sawing may be done 
wet or dry w i t h diamond or abrasive 
blades, depending on which method i s 
more economical f o r the p a r t i c u l a r 
aggregate. Usually the center j o i n t 
can be f l u s h e d out, d r i e d and sealed 
immediately a f t e r sawing, e l i m i n a t i n g 
a second cleaning. Self-guided saws 
are e x c e l l e n t f o r sawing center j o i n t s 

I f a premolded bituminous s t r i p 
i s used t o form the surface groove, 
i t must be of the proper dimension 
and must be v e r t i c a l and f l u s h w i t h 
the surface t o prevent s p a l l l n g of 
the concrete. I f i t i s i n s t a l l e d 
ahead of the f i n i s h i n g machine and 
l o n g i t u d i n a l f l o a t , proper alignment 

Figure 5. ' i s d i f f i c u l t t o ma i n t a i n . I f i t i s 
i n s t a l l e d behind the mechanical f i n ­

i s h i n g equipment, the surface over the j o i n t must be stralghtedged t o r e ­
move the bump created d u r i n g the f o r m a t i o n o f the groove by a v i b r a t i n g 
bar or c u t t i n g wheel. | j 

F u l l - d e p t h deformed metal p l a t e s have l i m i t e d use today. They pro­
v i d e e x c e l l e n t l o a d t r a n s f e r throiagh the keyway provided by the p l a t e b u t 
they must be b u r i e d s l i g h t l y t o permit proper f i n i s h i n g . I f the p l a t e i s 
too deep u n s i g h t l y s p a l l l n g and r a v e l i n g of the j o i n t may r e s u l t . A 
depth of 1/8 I n . below the f i n i s h e d surface should be the maximim per­
m i t t e d . ,| I • 

Tlebars across the l o n g i t u d i n a l center j o i n t may be supported on 
cha i r s d r i v e n i n t o the subgrade or may be i n s e r t e d i n the concrete j u s t ; 
behind the spreader. This may be done by hand using a simple improvised :' 
device or a u t o m a t i c a l l y by a wheel which i n s e r t s the bars a t the proper 
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spacing as the spreader moves forward. The t l e b a r s must be ungreased, o f 
the proper dimensions and placed a t the proper i n t e r v a l s shown on the 
plans. Absolute accuracy as t o l e v e l and alignment i s not c r i t i c a l w i t h 
t i e b a r s . . • . 

Contraction j o i n t s are also of the surface groove type. Since these 
transverse grooves r e l i e v e l o n g i t u d i n a l c o n t r a c t i o n stresses which develop 
dur i n g e a r l y slab hardening and c o o l i n g , w h i l e the concrete i s r e l a t i v e l y 
weak, the r e d u c t i o n i n cross-section does not have t o be so great as i n 
l o n g i t u d i n a l center j o i n t s . Eixperlence has shown t h a t a depth of groove 
eq^ual t o one-sixth of the slab thickness w i l l g e n e r a l l y c o n t r o l a l l t r a n s ­
verse cracking. 

The best method of forming these c o n t r a c t i o n j o i n t grooves I s by 
sawing the hardened concrete ( F i g . 6 ) . Since c o n t r a c t i o n stresses devel­
op as soon as the concrete hardens, these j o i n t s must be saved very e a r l y . 
The exact time of sawing depends upon the type of aggregate, c u r i n g , meth-

I 

Figure 6. Figure 7. 

Figure Figure 9. 
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od, cement f a c t o r and weather ( F i g . 7)- Generally a l l j o i n t s should be 
sawed as soon as p o s s i b l e w i t h o u t damage t o the surface. A s l i g h t amount 
of r a v e l i n g i s permissible and desirable since i t gives the operator a 
good gauge of h i s t i m i n g ( F i g . 8). I f t h e r e i s no r a v e l i n g at a l l , the 
concrete i s too hard and cracks may develop ahead of the saw. A l l j o i n t s 
should be sawed i n succession t o provide the plane of weakness a t the 
time of maximum c o n t r a c t i o n and before the slab gains too much s t r e n g t h . 
This w i l l Insure cracking and uniform opening a t a l l j o i n t s . Sawed j o i n t s 
should be thoroughly f l u s h e d out immediately a f t e r sawing t o remove a l l 
residue ( F i g . 9)-

The l o c a t i o n f o r sawing transverse j o i n t s may be marked by snapping 
a s t r i n g l i n e on the concrete d u r i n g f i n a l f i n i s h i n g operations. The 
choice of saw blade type and the de c i s i o n t o saw wet or dry should be 
based on economy and w i l l depend on many l o c a l f a c t o r s . The w i d t h of 
cut should be a d e c i s i o n f o r the design engineer based on j o i n t spacing 
and a n t i c i p a t e d j o i n t opening. I f a crack should develop a t the approx­
imate j o i n t l o c a t i o n , or i f the slab cracks ahead of the saw, sawing should 
be omitted a t t h a t j o i n t l o c a t i o n . The crack w i l l f u n c t i o n as a contrac­
t i o n j o i n t . 

I n some areas where very hard coarse aggregates are used, sawing 
costs may be p r o h i b i t i v e . I n these areas, preformed i n s e r t s are f r e ­
q uently s p e c i f i e d t o reduce sawing costs. These i n s e r t s may be made of 
corrugated, p a r a f f i n - t r e a t e d paper or premolded bituminous s t r i p s s i m i l a r 
t o expansion j o i n t f i l l e r s . Boards of cane f i b e r w i t h a low asphalt con­
t e n t have been most successful t o date. Those s t r i p s are i n s e r t e d i n a 
groove formed by v i b r a t i n g a T-bar i n t o the surface behind the l a s t me-
ch a n i c a l f i n i s h i n g equipment ( F i g . 10). The i n s e r t i s placed i n the 
groove s l i g h t l y below the surface and then the surface over the j o i n t 
must be f i n i s h e d w i t h a scraping s t r a i g h t e d g e . A crack w i l l develop be­
low the i n s e r t since i t f u n c t i o n s as a surface groove. A f i n e crack w i l l 
a lso develop above the i n s e r t which serves as a guide f o r the saw oper-

Figure 10. Figure 11. 
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a t o r . The sawing out of the i n s e r t can be done dry using an abrasive-
type blade s l i g h t l y wider than the i n s e r t thickness t o remove a.11 paper 
from the sides of the j o i n t . I f bituminous impregnated s t r i p s are used, 
only the t op 1 t o 1-^ i n . need be removed f o r s e a l i n g . This type of j o i n t 
acts as p o s i t i v e crack c o n t r o l and sawing can be delayed u n t i l a f t e r a l l 
paving i s completed and the c o n t r a c t o r i s ready t o seal j o i n t s ( F i g . 1 1). 

One or two highway departments use a premolded b i t i m i n o u s s t r i p which 
i s l e f t i n place w i t h o u t any sawing or s e a l i n g . This s t r i p also must be 
placed i n a groove made by v i b r a t i n g a T-bar i n the concrete behind a l l 
mechanical f i n i s h i n g . The surface over the j o i n t must be c a r e f u l l y 
straightedged t o remove any bump adjacent t o the s t r i p s . These s t r i p s 
must be f l u s h w i t h the surface t o be successful. They must also be ver­
t i c a l and continuous from form t o form. I f they are b u r l e d too deep, i f 
they are t i p p e d , or i f gaps or o f f s e t s e x i s t between s t r i p s , s p a l l i n g r e ­
s u l t s l a t e r . 

Dummy grooves hand formed i n the p l a s t i c concrete are no longer used 
e x t e n s i v e l y . They are d i f f i c u l t t o b u i l d p r o p e r l y . Bimps, s p a l l i n g and 
l a c k of d u r a b i l i t y are a l l too common on hand-formed j o i n t s . I f they are 
s p e c i f i e d , the template used t o maintain the groove must be clean and 
w e l l o i l e d a f t e r each use. I t must be removed e a r l y enough t o prevent 
damage t o the slab. Hand formed j o i n t s should be edged w i t h a wide-flange 
double edger and the surface must be checked w i t h a long straightedge t o 
insure a smooth r i d i n g j o i n t ( F i g . 12). Edging and hand f i n i s h i n g must 
be h e l d t o a minimum t o prevent overworking. 

Both the dummy groove and the imsawed, premolded s t r i p types of con­
t r a c t i o n j o i n t s are more d i f f i c u l t t o b u i l d p r o p e r l y than sawed j o i n t s 
and should only be used when sawing i s not p e r m i t t e d . They r e q u i r e much 
more a t t e n t i o n and i n s p e c t i o n t o insure a surface which i s smooth r i d i n g 
and f r e e from s p a l l i n g or other defects. Overworking of hand formed 
j o i n t s f r e q u e n t l y r e s u l t s i n mortar concentrations which l a c k d u r a b i l i t y 
and s t r e n g t h . 

When dowels are s p e c i f i e d i n 
c o n t r a c t i o n j o i n t s , they are gen­
e r a l l y placed i n baskets or assem­
b l i e s on the subgrade a t the j o i n t 
l o c a t i o n p r i o r t o placement of the 
concrete. The baskets must be se­
c u r e l y staked t o the subgrade t o 
prevent displacement d u r i n g paving. 
The basket must be r i g i d enough t o 
maintain proper dowel alignment and 
l e v e l during paving. Baskets or 
assemblies which are found t o be 
Inadequate must be r e j e c t e d by the 
engineer. 

Dowels must be of the proper 
dimensions and spacing and they 
must be u n i f o r m l y greased or p a i n t ­
ed as s p e c i f i e d t o prevent bond and 
insure a free-moving j o i n t . They 
must also be p a r a l l e l t o the cen-
t e r l i n e and siirface of the pave- Flgirre 12. 
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ment or r e s t r a i n t t o slab movement w i l l develop. Proper alignment can 
be checked a t each end w i t h a s p e c i a l l y prepared template. Proper l e v e l 
shoiild be checked f r e q u e n t l y , using a s p e c i a l l e v e l w i t h adjustable legs 
which can be used on the i n d i v i d u a l dowels. I t I s f i r s t set on the form 
at the j o i n t l o c a t i o n t o adjust the legs so t h a t the l e v e l bubble I s cen­
t e r e d . I t can then be used on the dowels t o determine whether they are 
p a r a l l e l t o the surface. This device should be used before concrete I s 
placed and o c c a s i o n a l l y a f t e r machine f i n i s h i n g operations t o detemlne 
vrhether or not the do^/el assembly does hol d the dowels I n proper a l i g n ­
ment . 

To prevent \mnecessary dowel displacement^ some care must be taken 
I n p l a c i n g and spreading concrete. The operator sho\ild not be p e r m i t t e d 
t o dump concrete d i r e c t l y on the dowels and workmen should not step on 
them during paving operations. 

Expansion j o i n t s r e q u i r e t h a t the expansion f i l l e r be I n s t a l l e d ver­
t i c a l l y . I t must be continuous from slab edge t o slab edge w i t h no gaps 
or o f f s e t s between adjacent pieces. To Insure proper placement, the f i l ­
l e r must be staked securely t o the subgrade. I t should be shaped t o the 
subgrade or placed i n a shallow t r e n c h t o prevent any concrete from f l o w ­
in g under the f i l l e r . Any concrete which bridges the expansion gap w i l l 
prevent f r e e movement of the J o i n t . I f a metal keyway i s attached t o the 
side forms, the f i l l e r must also be shaped t o f i t t h i s form. 

Since most plans c a l l f o r the expansion f i l l e r t o be recessed 3 A ^° 
1 i n . below the pavement surface, some type of I n s t a l l a t i o n guide or cap 
Is normally used i n c o n s t r u c t i o n . This may be a metal channel which f i t s 
over the f i l l e r or a wooden s t r i p of the same w i d t h n a i l e d t e m p o r a r i l y t o 
the f i l l e r . I n any case, the cap i s u s u a l l y close t o the surface so t h a t 
i t can be found a f t e r the f i n a l machine f i n i s h i n g o p e r a t i o n . These i n s t a l ­
l a t i o n caps must bo removed as soon as p o s s i b l e , w i t h o u t damaging the con­
c r e t e , a f t e r i t has set s u f f i c i e n t l y t o prevent slumping i n t o the groove 
above the j o i n t f i l l e r . I | 

The cap should be strong enough 
t o maintain the f i l l e r i n a s t r a i g h t 
l i n e and i t must be cleaned and o i l e d 
a f t e r each use t o f a c i l i t a t e removal. 
I t i s normally r a i s e d p a r t i a l l y t o 
permit edging of the concrete on both 
sides w i t h a wide flanged double 
edger and then completely removed. 
The groove above the f i l l e r must be 
c a r e f u l l y Inspected t o see t h a t i t 
i s as wide as the f i l l e r and t o i n ­
sure t h a t t h e r e i s no concrete b r i d g ­
i n g above the f i l l e r . The groove 
shoiild be inspected again a f t e r side 
forms are removed t o see t h a t there 
are no plxigs of concrete i n the ex­
pansion space. Such plugs cause 
s p a l l s i n the slab when the j o i n t 
attempts t o close. 

The f i n a l operation i n expan-
Flgure 13. s i o n j o i n t c o n s t r u c t i o n i s a c a r e f u l 
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surface check with a straightedge to see that no hump or depression has 
been created during the edging operation. As i n contraction j o i n t con­
struction, any smooth surface l e f t by the edging tool should be roughened 
with a broom or burlap drag to match the r e s t of the surface texture 
(Fig. 13). 

Construction j o i n t s between lanes or at the end of a day's run also 
require some attention from the inspector i f they are to function proper­
l y , Keyways arc formed i n the edge of the f i r s t lane by attaching a metal 
keyway of proper dimensions to the form at the midpoint of the slab depth. 
The keyway form should be oile d prior to paving to f a c i l i t a t e removal. I f 
tiebars are used across construction j o i n t s , they are usually bent so that 
one-half projects into the f i r s t lane to be paved and the other h a l f l i e s 
between the keyway form and edge form. After form removaJ. the keyway i s 
removed and the bent portion of the tiebar i s straightened for embedment 
in the second slab. Ticbolts are made so that the f i r s t h a l f i s attached 
to the form by b o l t s . Frequently these bolts are also used to attach the 
keyway to the form. After forms have been removed, the second h a l f i s a t ­
tached to the portion embedded i n the f i r s t lane. 

Specifications usually c a l l for slab edge vibration to insure ade­
quate consolidation along the keyway, thus creating a uniformly strong 
tongue and groove to provide proper load t r a n s f e r . Both edges of a con­
struction j o i n t should be edged during f i n i s h i n g operations. Special 
care must be taken during f i n i s h i n g of the second lane to prevent any 
overhang on the adjacent lane which would s p a l l off under t r a f f i c . To 
prevent t h i s and provide a recess for sealing material along the longi­
tudinal j o i n t , plans should c a l l for a definite groove at t h i s location. 
Such a groove may be formed during the edging of the second lane or by 
sawing the groove along the j o i n t after the second lane has hardened. 

I f dowels are specified across construction j o i n t s , they are normal­
l y i n s t a l l e d by d r i l l i n g holes of proper dimension i n the forms at the 
specified spacing. The dowels then project through the form, h a l f into 
the concrete and the other h a l f outside the form. They should be support­
ed to insure proper alignment by welding supporting brackets on the out­
side of the form. I n doweled longitudinal construction j o i n t s , form re­
moval may be f a c i l i t a t e d by giving each dowel a twist before f i n a l hard­
ening of the concrete. The hal f of the dowel embedded i n the f i r s t lane 
must, of coiArse, bo properly coated with grease or paint. After harden­
ing, the dowel can then be removed. I t i s replaced a f t e r completion of 
form removal and fine grading i n the adjacent lane. Sectional dowels or 
p l a s t i c dummies which can be attached to the forms are now i n use on some 
a i r f i e l d projects where doweled longitudinal construction j o i n t s are spec­
i f i e d . 

SUMMARY 
Construction of a l l j o i n t s i n concrete requires attention to d e t a i l s . 

Joints are an important part of the pavement and are designed to control 
cracking and prevent excessive stresses from developing. They must be 
b u i l t properly i f they are to do the job and not be a source of trouble 
to the motorist and the maintenance engineer. Proper j o i n t construction 
should be demanded, giving the public what i t pays for—smooth-riding 
durable j o i n t s free from bmps, s p a l l s , and maintenance problems. 



A Theoretical Approach to Design of a 
Road Joint Seal 

EGONS TONS, Research Engineer, 
Joint Highway Research Project, 
Massachusetts I n s t i t u t e of Technology 

• THE SEALING of pavement j o i n t s i s a common prac t i c e . I t i s done both 
i n new concrete road construction and during subsequent maintenance i n 
the form of j o i n t reseallng and crack f i l l i n g . Even af t e r an old portland 
cement concrete roadway i s covered by a bituminous resurfacing, sealing 
usually has to continue because of r e f l e c t i o n cracks. 

A pavement j o i n t undergoes continued changes i n width due to such i n ­
fluences as temperature and moisture fluctuations within the concrete 
slabs. When a j o i n t (or crack) i s f i l l e d with a sealing compound, s t r a i n s 
and stresses caused by every opening or closing movement must develop both 
within the sealer and along the bond interfaces between sealer and pave­
ment. The mass of sealer i n the j o i n t can be pictured as a sort of bridge 
spanning the gap between two slabs. Just as we t r y to design a bridge be­
fore i t i s b u i l t by using known quantities and methods, we should attempt 
to design a s e a l before i t i s placed i n the j o i n t . 

The need for a more exact approach to j o i n t seeiling has been ex­
pressed by various Individuals and organizations associated with road con­
struction and research. The 1953 Committee on Joint Materials i n Concrete 
Pavements, i n HRB B u l l e t i n 78, states the case as follows: 

"There should, i n f a c t , be a proper relationship between: 
(1) the amount of change i n j o i n t width, (2) the c a p a b i l i t i e s 
of the sealing material, and (3) the width of the j o i n t space." 
Work on t h i s problem stajrted with a simple j o i n t model t e s t . I t was 

soon discovered that the depth of s e a l i n the j o i n t i s another equally 
Important variable. 

PURPOSE OF THE STUDY 
The purpose of t h i s study was to correlate mathematically and by ex­

periment (a) the j o i n t width, (b) sealed depth, (c) j o i n t expansion, and 
(d) the e x t e n s i b i l i t y of the sealer, and then hopefully to outline a j o i n t 
s e a l design procedure for future p r a c t i c a l use i n the f i e l d . 

This paper describes the t h e o r e t i c a l analysis and computations of 
s t r a i n s i n a sealed j o i n t and presents experimental laboratory data to 
v e r i f y the basic theory and to point out i t s l i m i t a t i o n s . An approach 
to a p r a c t i c a l j o i n t s e a l design procedure i s given i n Appendix B. 

THEORY OF JOINT SEAL BEHAVIOR 
Basic Assumptions 

The theory presented i n t h i s paper i s based on maximum s t r a i n c a l ­
culations i n the sealer due to j o i n t width va r i a t i o n s . The following as­
sumptions were made to f a c i l i t a t e the a n a l y s i s : 

The j o i n t cross-section i s rectangular (see F i g . l ) . 
20 
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The sealer i s a liquid-type 
homogeneous compound which cannot 
change i n volume but instead 
changes i t s shape when the j o i n t 
v a ries i n width (see F i g . l ) . 

The majority of sealing com­
pounds currently used f a l l c l o s e l y 
within t h i s group. They show l i t ­
t l e i f any chajige i n volume when 
extended or compressed. 

The curve-in top and bottom 
surfaces of the sealer r e s u l t i n g 
from j o i n t expansion are parabolic 
i n shape (see F i g . l ) . 

This assumption i s based both 
on observations of pavement j o i n t s 
and meas\irements i n laboratory 
bond-ductility t e s t s . These show 
that the curve-in l i n e seems to 
correspond quite c l o s e l y to a par­
abola for a wide range of sealed 
widths and expansions ( t h i s i s d i s ­
cussed i n "Laboratory Tests to Ver­
i f y Theory and Calculations"). 

The sealer curves i n equaJ.ly 
from the top and the bottom of the 
j o i n t (see F i g . l ) . 

^ W m i n — -
C 

A C B 

S e a l e d J o i n t at Min imum W i d t h 

S e a l e d J o i n t a f t e r E x p a n s i o n 

Key 
Wpi,n= minimum jo int width 

= jo int width of any ex tens ion 

= depth of s e a l e r in the jo in t 

H = max imum depth of the p a r a b o l i c c u r v e - i n l i n e 

L = l e n g t h of the p a r a b o l i c a r c ( l i n e A C B ) 

A , = c r o s s - s e c t i o n a l o r e a of the s e a l e r 

Ap = a r e a of the p o r o b o l o A B C 

AW = o m o u n t of j o i n t e x p a n s i o n , in p e r c e n t 

Smax~ a m o u n t of m a x i m u m s t r a i n in the s e o l e r , 
in p e r c e n t 

Figure 1. A sealed j o i n t 
and a f t e r expansion. 

before 

In many cases the bottom of 
the j o i n t contains foreign matter 
which prevents adhesion. As w i l l 
be seen i n l a t e r caJLculations, 
there i s a definite advantage i n 
having the sealer curve i n from top and bottom (see "Proced\ire of S t r a i n 
Computations"). In order to prevent adhesion and to control the depth of 
s e a l , appropriate f i l l e r materials w i l l have to be used i n the bottom of 
the j o i n t . 

The minimum and maximum j o i n t widths are the indicators of the totaj. 
s t r a i n s i n the sealer, no matter what the width of the j o i n t when i t i s 
f i r s t sealed. 

The minimum j o i n t width has a s i g n i f i c a n t e f f e c t on future s t r a i n i n 
the sealer. I f j o i n t s are sealed i n f a l l during moderate temperatures, 
the compound w i l l not be stretched much the f i r s t winter. The following 
summer the j o i n t w i l l narrow down to i t s minimum width expelling some of 
the compoxmd. From then on t h i s smaller volme of sealing material w i l l 
have to keep the j o i n t sealed at a l l i t s various widths. 

The s t r a i n i n the sealer along the parabolic c\irve-in l i n e i s ua±-
formly distributed. 

According to observations i n laboratory t e s t s , t h i s assumption holds 
reasonably true for a wide range of j o i n t s at various stages of expansion 
(see "Laboratory Tests to Verify Theory and C a l c u l a t i o n s " ) . 
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Notation 
Most of the symbols used i n t h i s paper are shown i n Figure 1. I n 

order to provide a complete l i s t , a l l of them are summarized below; 
W, mm 
Wx 
Wmax 
Wf 
AW 

Pmln 
Dx 
Dmax 
H 
L 
Smax 

minlffium j o i n t width 
j o i n t width at any extension 
maximum j o i n t width 
j o i n t width at the time of f a i l u r e i n a bond-ductility te£ 
li n e a r expansion or change i n j o i n t width, i n percent 

Wx - Wmln X 100 Wmln 
minimum depth of se a l 
any sealed depth 
maximim depth of s e a l 
maximum depth of the parabolic curve-in 
length of the parabolic arc 
maximum t o t a l s t r a i n i n the sealer along the parabolic curve-
i n l i n e , i n percent Wmln X 100 Wmln 
cross-sectional area of the sca l e r 
cross-sectional area of the parabola ABC (sec F i g . l ) 

Minimum Joint Width and Sti'alns i n Sealer 
For l i k e conditions, the wider the j o i n t at i t s minimum width, the 

l e s s the sealer f i l l i n g w i l l be strained. 

/ 4 i n c h 
3 /8 i n c h 
[1/2 i n c h e s 

5 0 p e r c e n t 

Wx = 3 /4 i n c h 

Dx = 11/2 i n c h e s 

AW = 5 0 p e r c e n t 

2 4 8 p e r c e n t ( from Fig I I ) S^^K ' ' 2 0 p e r c e n t ( f rom F i g 12) 

Figure 2. Comparison of maximum 
str a i n s (S^iax) "̂ ^̂  s c a l e r for 
two j o i n t widths (Wmin) v i t h 50 

percent expansion (AW = 50)• 

= 1/4 inch 

Wx = 1/Z inch 
• x = 11/2 i n c h e s 
AW = 100 p e r c e n t 
H = 0 5 7 5 i n c h 

SfnoK " ^ ' 0 percent (from Fig II] 

1/2 inch 
3/4 inch 
I 1/2 i n c h e s 
5 0 p e r c e n t 
0 3 7 5 inch 
1/4 i n c h 

120 percent (from Fig 12) 

Figure 3. Comparison of maximimi 
st r a i n s (Smax) i n the sealer for 
two j o i n t width (Wmin) with ̂  i n . 

expansion. 

The amount of s t r a i n i n a common liquid-type sealer i s not d i r e c t l y 
proportional to j o i n t expansion because the surface of the scaler curves 
down i n the j o i n t and does not stretch i n a straight l i n e (see F i g . l ) . 
Fiirthermore, the narrower the j o i n t , the more severe the s t r a i n forces for 
any given percent of j o i n t expansion (see F i g . 2; calculation procedure 
w i l l be given l a t e r ) . I f a narrow j o i n t expands as much as a wider j o i n t , 
remarkable s t r a i n differences w i l l r e s u l t (see F i g . 3 ) ' 

Influence of Sealed Depth 
VJhlle the e f f e c t of j o i n t width upon the performance of a s e a l has 

been recognized for a long time, the equally important depth of se a l has 
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on the whole been l e f t unnoticed. 
In f a c t , i t i s commonly assimed 
that the deeper a j o i n t i s seaJ-ed 
the better. Theoretical c a l c i i l a -
tions indicate the opposite i s 
true; i . e . , the shallower the s e a l , 
the l e s s "curve-in" and the small­
er the st r a i n s i n the sealer (see 
F i g . k). This appears to be con­
firmed by laboratory t e s t s (see 
"Laboratory Tests to Verify Theory 
and Calculations"). 

Procedure of Strain Computations 

/•4 n c h 

i / z i n c h 

100 p e r c e n t 

0 . 7 5 i n c h 

Z I n c h e s 
5 5 0 p e r c e n t max 
( c a l c u l a t e d ) 

AW 
H 
Dx •• 

I M i n c h 

1 / 2 i n c h 

100 p e r c e n t 

0 . 1 9 i n c h 

1 / 2 i n c h 

160 p e r c e n t 

( f r o m F i g I I ) 

Figure k. Comparison of maximum 
str a i n s (S^ax) 2-in. deep and 
•|-in. deep seals (Dx = 2 i n . and Dx = i i n . ) . 

Figure 1 shows the shape of the 
sealer cross-section before and af­
t e r extension. I f the j o i n t width 
before expansion i s Wmin (minimum 
width) and after expansion becomes 
Wx and the j o i n t has been sealed 
to a depth Dx, the increase i n the j o i n t cross-sectional area i s (Wx-Wmin) 
X Dx. Since the seal.ing material acts l i k e a l i q u i d and i s not able to 
change i t s cross-sectional area Ag, the two parabolic areas Ap w i l l be 
equal to t h i s incx-ease (see F i g . l ) and the maximum curve-in value H can 
be calculated as follows: 

2Ap = (Wx-Wmin)Dx 
Ap = i(Wx-Wniin)l>x 

but Ap-2/3 HWx (equation for a parabolic area) 
from which H = 3/2 ^ = I)xJWx-Wmln) 

Wx 
where H = the maximum curve-in distance 

Ap = area of one of the parabolas (area ACB) 
Wx = the width of the sealed j o i n t after expansion 
Wmin = minimum j o i n t width 

Any cross-section of a sealed j o i n t can be divided into numerous lay­
e r s . I f the width of the j o i n t i s Increased, the outer layers which f o l ­
low the parabolic curve w i l l be stretched most (see F i g . 5)• The length 
of t h i s outer skin can be computed by using the formula for the arc length 
of a parabola: wi 

logg 

where L 

H 

Wx 

hR + Vwi + I6H^ 
Wx 

length of arc ACB (see 
F i g . 1) 
the maximim curve-in 
distance 
the width of the sealed 
j o i n t a f t e r extension 

Once the length of the curve-

Figure 5. Vis u a l s t r a i n comparison 
i n the sealer at different l e v e l s 
for Wmin = i i n . and Wx = 3 A i n . 
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i n l i n e i s known, the actual maximum st r a i n s i n the surface of the sealer 
under various conditions can be caJ.culated: 

Smax = ^f-^^ X 100 Wmm 
where Smax = maximum s t r a i n i n the sealer, i n percent 

L = length of arc ACB (see F i g . l ) 
Wmin = minimum j o i n t width, also equal to minimum L 

The calciilated maximum s t r a i n Smax i n the sealer under i d e a l condi­
tions depends, (a) upon the minimum j o i n t width, (b) the amount of Joint 
expansion, and (c) the depth of s e a l . The numerous and repetitious c a l ­
culations to correlate these factors were done by an electronic computer 
and the r e s u l t s were compiled i n curve forml/. 

Discussion of Theoretical Curves 
By t h i s procedure, the maximum st r a i n s i n the sealer can be computed 

for any combination of depth of s e a l , j o i n t width and j o i n t expansion up 
to 200 percent2/; nine sets of curves are included for i l l u s t r a t i o n (Figs. 
6-lk). They show that st r a i n s i n the sealer can be decreased by either 
increasing the minimum j o i n t width or by decreasing the depth of s e a l . 

Figures 6 to 9 show the va r i a t i o n of maximum s t r a i n (Smax) occurring 
along the parabolic curve-in l i n e at various j o i n t openings for eight min­
imum j o i n t widths (Wmin) an<3. four different s e a l depths (l>x). Thus Figure 
8 gives comparisons for j o i n t s which have a l l been sealed to a depth of 
2 i n . (quite a common p r a c t i c e ) . The curves indicate considerable d i f f e r ­
ences i n s t r a i n developments. For example, a j o i n t with a minimum width 
of 1 i n . (Wmin = l ) expanding 50 percent, or an additional -J i n . , w i l l i n ­
duce an 87 percent s t r a i n i n the outside layer of the sealer (Smax = ^ 7 ) • 
I f , s i m i l a r l y , a -g-in. j o i n t (Ŵ.,-̂  = •5-) opens 50 percent, or I/8 i n . , the 
maximum s t r a i n i n the sealing compound would be about 2)k2 percent (Smax = 
3̂ 4-2) which i s nearly four times as much. The differences i n s t r a i n could 
be more surprising i f the - j - i n . j o i n t would have to take the same expan­
sion (^ i n . ) as the 1 i n . wide. I n t h i s case the s t r a i n induced i n the 
outside skin of the sealer would be 780 percent or about nine times as 
much as i n the wider j o i n t . 

Figures 10 to I 3 show the v a r i a t i o n of maximum s t r a i n s (Smax) i n the 
sealer with change i n j o i n t width for eight sealed depths (D^) and four 
minimm j o i n t widths (Wmin). For example, i f i n Figure 11 the maximum 
st r a i n s (Smax) i n the sealer are compared for sealed depths of ^ and 2 i n . 
at 50 percent expansion the same 87 percent versus 3^2 percent s t r a i n s axe 
found, j u s t as i n the previous example. 

Figure 'Lh presents the calculated curves i n a compounded form corre­
l a t i n g AW, Wmin, ^xj and Smax. To get i t . Figure I3 (Wmin = l ) was ex­
panded and a r a t i o Dy/Wmin was introduced which makes t h i s figure v a l i d 
for various j o i n t widths and depths of s e a l . Thus, i f the s t r e t c h a b i l i t y 

1/ A f-ully derived equation for the maximum s t r a i n i n the sealer (S^ax) 
along the surface i s given i n Appendix E. 

2/ Theoretically, the two parabolas (see F i g . l ) in t e r s e c t at 200 percent 
of j o i n t expansion no matter what j o i n t width or depth i s taken. A 
mathematical proof i s given i n Appendix E. 
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of the sealer (Smax) "the amount o f j o i n t expansion (AW) are known, Dx 
can be found f o r any des i r e d j o i n t w i d t h (Wmin)' 

Figure ik c l e a r l y i n d i c a t e s the importance of the depth of seal and 
j o i n t w i d t h r a t i o (Djc/Wmin). The lower t h i s r a t i o the more s t r e t c h a b l e 
the s e a l w i l l be, other f a c t o r s being the same. For instanc e , a seeiler 
w i t h maximm allowable s t r a i n Smax = 150 percent placed i n a 3/8-in. j o i n t 
can take only 21 percent of j o i n t expansion (AW) i f Dx/Wmln = 8 and 93 
percent i f Dx/Wmin =2. I n other words, the shallower a c e r t a i n j o i n t i s 
sealed, the more s t r a i n a given sealer w i l l take before i t f a i l s . 

A s i m i l a r comparison can be made w i t h a low e x t e n s i b i l i t y sealer 
(Smax =50) as i l l u s t r a t e d i n Figure ik. The comparative b e n e f i t s ob­
t a i n e d are much smaller i n t h i s case. For Dx/Wmin = 8, AW i s I3.5 percent 
and f o r I>x/Wmin = 2, AW i s 30 percent. 

Present data i s i n s u f f i c i e n t t o recommend a d e f i n i t e Dx/Wmin r a t i o 
f o r j o i n t seals. This w i l l depend upon type of sealer used, the service 
i t i s put t o and other req^uirements y e t t o be defined. As an estimate, 
t h i s r a t i o (Djc/Wmin) might be around one and may go as h i g h as f o u r f o r 
most p r a c t i c a l a p p l i c a t i o n s . From a s e a l i n g standpoint a 3/8-to-g-in. 
depth o f s e a l i s probably the minimum t h a t should be attempted as i t would 
be d i f f i c u l t t o place anything shallower. 
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LABORATORY TESTS TO VERIFY THEORY AND CALCULATIONS^/ 
Test O u t l i n e 

The p a r a b o l i c c u r v e - i n surface was observed i n numerous b o n d - d u c t i l ­
i t y t e s t s i n t h i s l a b o r a t o r y during the past f o u r years using various 
s e a l i n g compounds; a d d i t i o n a l t e s t s were r e c e n t l y performed t o o b t a i n 
more accurate measurements t o j u s t i f y the assumptions i n "Theory of J o i n t 
Seal Behavior." 

I n the new se r i e s a mo d i f i e d b o n d - d u c t i l i t y t e s t was adopted. The 
l e n g t h o f the specimens was increased t o 6 i n . i n order t o minimize the 
e f f e c t o f curv e - i n from the two ends o f the t e s t blocks. The opening be­
tween the blocks (Wmin) as w e l l as the depth of seal (Dx) were v a r i e d t o 
check the d i f f e r e n t ranges o f the t h e o r e t i c a l curves i n Figures 6 t o ik. 
The maximimi sealed depth i n these t e s t s was l i m i t e d t o 3 I n . , as t h i s i s 
u s u a l l y the maximum f o r pavement j o i n t s . 

The t e s t procedure, p r e p a r a t i o n and t e s t i n g were s i m i l a r t o t h a t out­
l i n e d i n Appendix A, except t h a t the temperature was 80 F duri n g t h i s t e s t . 
Previous l a b o r a t o r y observations have i n d i c a t e d t h a t the basic c u r v e - i n 
p a t t e r n (parabola) i s s i m i l a r a t 80 F and 0 F i f the same l i q u i d - t y p e , 
homogeneous sealer i s s t r a i n e d between two blocks ( j o i n t ) . However, the 
t o t a l s t r a i n t h a t can be a p p l i e d before the seal f a i l s i s u s u a l l y l e s s i n 
the c o l d t e s t . 

I n these t e s t s e r i e s two s e a l i n g compounds were used: (a) a hot-poured 
rubber-asphalt and (b) a c o l d - a p p l i e d , two-component s y n t h e t i c polymer. 
They were chosen because they are well-known m a t e r i a l s , appeared t o rep­
resent a f a i r l y l a r g e group of sealers c u r r e n t l y used and t h i s l a b o r a t o r y 
has already had extensive experience w i t h them. 

The f o l l o w i n g measurements and observations were made: 
1. The maximum cu r v e - i n distance H was measured a t d i f f e r e n t per­

centages o f extension ( j o i n t expansion) on each specimen and compared 
w i t h the c a l c u l a t e d values ( c i i r v e ) . This was taken as an i n d i c a t i o n o f 
how c l o s e l y the a c t u a l c u r v e - i n l i n e approaches a parabola (see "Labor­
a t o r y Test Data"). 

2. The u n i f o r m i t y of s t r a i n s al.ong the cu r v e - i n surfaces was checked 
by marking them and observing the s t r a i n s between various p o i n t s v i s u a l l y . 

3. The amount o f curve-In from t h e t o p and the bottom o f the sp e c i ­
men was compared. 

k. Cohesion and other f a i l u r e s were c l o s e l y watched and recorded. 
The t e s t data on the H measurements are compiled I n a g r a p h i c a l form 

i n Figures 15 t o 22. A d i s c i i s s i o n o f the t e s t r e s u l t s f o l l o w s : 

Laboratory Test Data 
Figures 15 t o l 8 stmmaxlze the H readings obtained on specimens o f 

hot-poured rubber-asphalt sealer o f v a r y i n g depth (Dx)• The h o r i z o n t a l 
a x i s gives the simulated j o i n t expansion w h i l e the v e r t i c a l one denotes 
the c a l c u l a t e d maximum c u r v e - i n values ( H ) . The s o l i d l i n e represents 
the computed H curve f o r a c e r t a i n depth o f seal {'Dx) on each figure, 

3/ A t e s t road using various j o i n t widths and depths o f seal was I n s t a l l e d 
near Syracuse, New York, I n September I958. I t i s b r i e f l y described i n 
Appendix D. 
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w i t h which the measurements obtained i n the l a b o r a t o r y s t r a i n t e s t are 
compared^ The mathematical equation f o r the curves i s : 

100 
H = 3 A Dx 1 ^ 100+AwJ 

I t must be p o i n t e d out t h a t H i s independent of Vjnxn. i d e n t i c a l 
f o r any minimum j o i n t w i d t h (Wmjn) and one depth (Ebc) a t p o i n t s o f equal 
AW; 
V The mathematical equation f o r the p a r a b o l i c H curves i n Figures 15 t o 

22 i s : H = 3A I>x ̂ 1 - v ^ § o ^ ( d e r i v e d i n Appendix E ) . I f the measured 
H values a t d i f f e r e n t depths o f s e a l (D^) and various expansions (AW) 
s a t i s f y t h i s equation, the c u r v e - i n l i n e has t o approximate a parabola. 
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The hot-poured rubber-asphalt specimens were s t r a i n e d t o the maximum 
t h e o r e t i c a l l i m i t which i s 200 percent. The sealer i n the ^ - i n . deep 
specimens f o l l o w e d the c a l c u l a t e d H value curve very w e l l (see F i g . 15). 
I t d i d not break a t 200 percent extension but continued t o s t r e t c h i n a 
t h i n band w i t h o u t showing any signs of f a i l u r e . When the depth o f seal 
was increased t o 1 i n . (see F i g . l6) the narrow l / 8 - i n . specimens showed 
a marked d e v i a t i o n a t about 75 percent o f expansion w i t h some v i s i b l e i n ­
d i c a t i o n s o f separations w i t h i n the sealer. When the sealed depth of 2 
i n . was t e s t e d a s i m i l a r departure from the basic curve was noted f o r the 
•q-in. specimens w h i l e 3/8-in, and | - i n . wide seals f e l l below the curve 
a f t e r about 100 percent expansion (see F i g . l ? ) . F i n a l l y , when the com­
pound was t e s t e d i n 3-in. deep specimens, only the 1-in. wide seal (W^in 
= l ) f o l l o w e d the curve c l o s e l y (see F i g . l 8 ) . Again i n s i d e separations 
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and even openings i n the outside siarfaces of the sealer were r e g i s t e r e d 
as soon as the H measurements dropped about 10 percent below those c a l ­
c u l a t e d . 

The maximum cu r v e - i n value measurements f o r the c o l d - a p p l i e d rubber 
polymer are summarized i n Figures 19 t o 22. The f o r c e r e q u i r e d t o p u l l 
t h i s type o f seal, apart was considerably higher than t h a t f o r the rubber-
asphalt compo\md. Due t o some l i m i t a t i o n s i n the s t r a i n apparatus the 
specimens i n these s e r i e s were extended only by 100 percent. The t r e n d 
o f the a c t u a l measurements was very s i m i l a r t o the p r e v i o u s l y discussed 
rubber-asphalt r e s u l t s . Even the separations and openings i n the sealer 
when the H values s t a r t e d t o drop below the t h e o r e t i c a l curve were o f the 
same nature. 

The r e s u l t s obtained on the two sealers i n d i c a t e t h a t the H measure-
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ments taken i n the l a b o r a t o r y were comparable t o the c a l c u l a t e d ones, 
which i n t u r n means t h a t the c\irve-in l i n e o f the surface o f the sealer 
c l o s e l y approached a parabolaz/. The apparent d e v i a t i o n s from the para­
b o l i c c u r v a t i i r e occurred: 

1. When the sealer was placed t o a shallow depth and unreasonably 
l a r g e s t r a i n s were a p p l i e d (aroimd 200 percent extension) (see F i g . 23). 

2. When the seal l o s t homogeneity and staorted t o form a i r spaces i n ­
side (see F i g . 2k). This i s much more l i k e l y t o happen when a narrow and 
deeply sealed j o i n t expands. Observations so f a r i n d i c a t e t h a t i n case 
of homogeneous m a t e r i a l s , as those used i n the t e s t s and under the condi­
t i o n s described, such a i r spaces form when the tangent t o the parabola has 
an angle o f 15 t o 25 degrees t o the v e r t i c a l (see Figs. 2k and 25). Ap-
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measured i n the l a b o r a t o r y f o r Dx = ^ i n . and v a r i e d j o i n t w i d t h (Wmin)-

p a r e n t l y t h i s phenomenon i s r e l a t e d t o the magnitude o f the shear and t e n ­
s i o n forces i n the sealer along the j o i n t w a l l s . 

V i s u a l observations o f the d i s t r i b u t i o n o f the s t r a i n Eilong the curve-
i n surface o f t h e sealer i n d i c a t e d t h a t i t i s un i f o r m a t low percentages 
o f extension b u t tends t o vary s l i g h t l y when the s t r a i n s get h i g h and the 
sealer has sagged deep i n t o the opening ( j o i n t ) . For a l l p r a c t i c a l pur­
poses the assumption o f a uniform s t r a i n along the surfaces of the sealer 
seems reasonable. 

The amount o f c u r v e - i n a t the bottom o f the specimen was also meas­
ured and was foi i n d t o average out I d e n t i c a l t o the one on the t o p . 
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CONTEMPLATED PRACTICAL APPLICATION 
Eva l u a t i o n o f Bond and D u c t i l i t y 

I n order t o design a s e a l , the p r o p e r t i e s o f the s e a l i n g m a t e r i a l 
have t o be known, p a r t i c u l a r l y the maximum s t r a i n (Stt^ax) sealer can 
endure. The present b o n d - d u c t i l i t y t e s t does not t e s t the sealer t o f a i l -
ure5/. The s t r a i n p a t t e r n i n the seeiler during the f o u r - h o i i r extension 
p e r i o d appears t o be complex and d i f f e r e n t from what would be encountered 
i n a road j o i n t ; due mainly t o the small size o f the specimens and the 
chance f o r the m a t e r i a l t o curve i n from a l l f o u r sides. Measurements 
and computations o f the maximum s t r a i n i n the sealer a f t e r the s p e c i f i e d 

5/ See Federal S p e c i f i c a t i o n SS-R-i<-06c, Method 223.11. 
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Figure 21. Comparison o f c a l c u l a t e d c u r v e - i n values (H) w i t h those 
measured i n the l a b o r a t o r y f o r Dx = 2 i n . and v a r i e d j o i n t w i d t h (Wmin)* 

50 percent extension i n d i c a t e t h a t the s t r a i n i s about 62 percent. Under 
present p r a c t i c e i f t h e sealer meets t h i s s p e c i f i c a t i o n i t i s then used 
t o s e a l any size j o i n t which might Induce much greater s t r a i n s . I f such 
a compound i s placed i n a • ^ - l n . j o i n t , sealed t o 2-in. depth and expanded 
50 percent ( l / 8 I n . ) , t he maximum s t r a i n i n the sealer w i l l be 3^2 percent, 
or more than f i v e times as much as i t was t e s t e d f o r . 

The best way t o p r e d i c t the performance o f a sealer would be t o t e s t 
i t i n a j o i n t s i m i l a r t o t h a t i n which i t i s going t o serve. This i s 
o f t e n i m p r a c t i c a l and would Involve d i f f i c u l t i e s i n the s t a n d a r d i z a t i o n 
of t he t e s t . I f the maximum s t r a i n s i n the sealer can be c o r r e l a t e d math­
e m a t i c a l l y f o r d i f f e r e n t j o i n t widths and depths, the t e s t can s t i l l be 
standardized. I n Appendix A o f t h i s paper i t was attempted t o o u t l i n e 
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Figure 22. Compaxison of caJ.culated curve-in values (H) with those 
measxured i n the laboratory f o r = 3 i n . and varied j o i n t width (Wmin). 

what might be a more r e a l i s t i c approach t o the evEiluation of the capabil­
i t i e s of d i f f e r e n t sealing materials. The new te s t would use longer (6 
i n . ) t e s t blocks, 1 i n . deep axid spaced -g- i n . apart. The sealing material 
woiold be placed i n the opening, cooled to 0 F and extended to f a i l i i r e i n 
cohesion or bond. For the design of j o i n t seals a safety factor of 2 
would be applied; i . e . only one-half of the obtained f a i l u r e s t r a i n value 
wo\ild be used i n the actual design. 

ActueLL Design 
Once the s t r a i n capabilities are known, the necessary j o i n t width 

and depth of seal can be deteimined f o r any known j o i n t expansion, 
outline of how t h i s can be done i s given i n Appendix B. 

An 
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Other Important Variables 
I t should he pointed out once 

more that t h i s method of designing 
a seal f o r road j o i n t s i s concerned 
primarily with the proper geometric 
relationships. Careless sealing 
techniques, i n s u f f i c i e n t adhesion, 
excessive shear at the j o i n t s and 
other influences might render a 
seal ineffective no matter how 
we l l i t i s proportioned. 

Figure 23. At j o i n t expansion ap­
proaching 200 percent a sealer i n a 
shallow j o i n t might not follow a 

parabolic c\irve-ln l i n e . 

Figure 2k. I n most cases i f a 
sealer does not follow the parabol­
ic curve-in l i n e an i n t e r n a l (co­

hesion) rupture i s imminent. 

Figiare 25. The tangent angle a was 
found t o be I5 to 25 degrees at the 
time of most f a i l u r e s of deep seals. 

CONCLUSIONS 
This paper outlines a procedure f o r e s t i ating tension strains i n a 

homogeneous 11quid-type sealer used f o r sealing j o i n t s and cracks i n pave­
ments. The assumptions and theoreticaJ. calculations have been v e r i f i e d 
by laboratory t e s t . The major conclusions from t h i s study are: 

1. Laboratory tests indicate that i f a homogeneous l i q u i d type 
sealer i s placed i n a rectajigular j o i n t and subjected to s t r a i n (expan­
sion) the curve-in surface closely follows a parabolic curve (except un­
der certain conditions discussed i n "Laboratory Test Data"). 

2. Maximum strains i n the sealer can be calculated by using para­
bolic equations and relationships. 

3. The calculations show that f o r l i k e conditions, the greater the 
minimum width of the j o i n t , the less the seaJ-er w i l l be strained f o r the 
same percentage of j o i n t opening. 

k. The shallower the j o i n t i s seeiled, the less the sealer w i l l be 
strained when the j o i n t opens, other conditions being the same. 

5, Observations i n the laboratory show that i f a sealer does not 
follow the parabolic curve-in l i n e closely and appears sound from the out­
side, inner cohesion separations and formation of a i r spaces are taking 
place. 



6. The present bond-ductility t e s t does not indicate the actual 
s t r a i n capabilities of a sealer. 

7. A bond-ductility t e s t i n which the sealer i s stred.ned t o f a i l -
lire should be a better way to evaluate the material. 

RECOMMENDATIONS 
Additional research i s needed to broaden the scope of t h i s basic 

theory and to further check i t s l i m i t a t i o n s . 
1. A bond-ductility t e s t f o r testing the sealer to f a i l u r e needs to 

be standardized and perfected. 
2 . Performance of various types of j o i n t sealer compounds should be 

studied i n laboratory and f i e l d tests t o determine agreement with the 
theory and to observe what i s happening when the sealer does not follow 
the predicted s t r a i n pattern. 

3. The influence of temperature on the maximum allowable strains 
f o r various sealers should be studied. 

k. The st r a i n and stress d i s t r i b u t i o n at various stages of ex­
tension as wel l as the tangent angle (see Fig. 25) at the time of f a i l u r e 
or departure from the parabolic curve-in l i n e should be further i n v e s t i ­
gated i n a laboratory. 

5. The optimum r a t i o of Dx/Wmin should be studied f o r various com-
poimds. 

6. I n addition, i t i s f e l t that research and data gathering are 
needed on the following subjects: 

a. Adhesion of sealer to j o i n t walls. 
b. Influence of shear movements at the j o i n t s on the perform­

ance of the seal. 
c. Accum\ilatlon of j o i n t movement data i n various parts of the 

country. 
d. Development of a d u r a b i l i t y t e s t f o r j o i n t seals. 

7. The f i n a l goal shoilLd be to define types and shapes of sealers 
the pavement engineer needs, so that the manufacturers can make them. 
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APPENDIX A 
CXitline of a Bond-Ductility Test for Evaluation of Sealers 

Background 
In January 195^, Kuenning^ presented some experimental t e s t data 

from a 'bond-ductility test on one hot-poiired rubber-asphaJ.t sealer. The 
basic outline f o r the current paper was ready at that time and i t was en­
couraging t o note that Kuenning's te s t values agreed with the author's 
theoretical calculations. Kuenning used what may he a more meaningful 
bond-ductility t e s t f o r seaiers. He tested his specimens t o f a i l u r e 
rather than using the usuaJ. 5-cycle, 50 percent extension method. He a l ­
so used specially prepared longer t e s t specimens t o come closer t o actual 
road j o i n t conditions. 

Outline of the Test Procedure 
More direct research work i s needed f o r giving a d e f i n i t e t e s t pro-

cedxire. This i s only a projected example of thinking what such a t e s t 
might look l i k e as compaxed to the present t e s t ! / . 

1. The test blocks could be longer, shallower, and the spacing be­
tween them should be decreased. For instance, some observations indicate 
that 6-in. long, 1-in. deep specimens spaced ̂  i n . apart to receive the 
sealer are a promising combination. 

2. The molded specimen could be extended i n a suitable machine at 
a low temperature u n t i l the seal f a i l s . Failures at the very ends of the 
specimens should be neglected. This co\ild be used as an indication of 
seal performance. 

3. The preparation of the bond surfaces of the blocks should be 
brought closer t o actual pavement conditions than i t i s i n the present 
t e s t . I t might w e l l be wise t o introduce moisture into the blocks before 
the sealer i s poiired. 

k. Otherwise, the specimen preparation and t e s t i n g featxires coiild 
be similar to the present t e s t ! / . 

§/ Kuenning, W. H., "Laboratory Tests of Sealers f o r Sawed Joints." HRB 
B u l l . 211 (1959). 

1 / Federal Specification SS-R-i4-06c, Method 223.11. 



APPENDIX B 
Probable Joint Seal Design Procedure 

step 1 
Extend the sealer i n a bond-ductility test u n t i l i t f a i l s ^ . G?he 

te s t blocks should be made and arranged so that a ^ - i n . wide (Wmin = 
1-in. deep and 6 - i n . long gap can be f i l l e d with the sealer. Note the 
block distance (Wf) at the time of f a i l i i r e . 

Step 2 
Compute the percent of expansion at the time of f a i l u r e 

-2. X 100 

and enter the value at the bottom of Figure 26. From t h i s point i n t e r ­
sect the curve and note on the l e f t side the maximum allowahle s t r a i n 
(Smax) f o r "tlie sealer. Factor of safety (SF = 2) i s already included i n 
the l e f t side figures. 

E 

3 o 

250 

240 

220 

200 

g 180 

Q! 160 

- 140 

* 120 
o 

^ 100 

£ 80 

60 

40 

20 

L = length of parabola at failure 

•'max maximum allowable stram along 
the the parabolic line 

20 40 60 80 100 120 140 160 180 200 250 300 350 
Amount of Expansion of the Test Joint, In Percent (AW) 

400 

Figure 26. Allowable strains i n the sealer, as determined by a bond-duc­
t i l i t y t e s t i n a laboratory. 

Step 3 
Assume desirable slab length and estimate from f i e l d measiorements on 

other pavements the maximxmi j o i n t width v a r i a t i o n (Wmax - Wmi n)• I f such 
§/ An outline of the procedure i s given i n Appendix A. 

k6 
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data are not available, assume a reasonable coefficient of expansion f o r 
the concrete^/ and, taking the maximum temperature d i f f e r e n t i a l f o r a 
year, calculate the maximim change i n j o i n t opening (Wmax " Wmin)' 
Step k 

Assume desirable j o i n t width (Wmin) stncL calculate the maximum j o i n t 
expansion (AW) i n percent, using the value obtained i n Step 3-

AW = Wmax - Wmin W, X 100 
'min 

Step 5 
Take the maxlmim j o i n t expansion value (AW) from Step k and enter 

from the bottom of Figure 27. Then using the maximum allowable s t r a i n 
(Smax) found i n Step 2 enter Figure 27 from the l e f t side. Where the two 
lines Intersect the Bmax/^mln. r a t i o w i l l be indicated. Using the i n Step 
k assumed Wmin value, Ibax can be calculated. 
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Figure 27. Maximum allowable f i l l i n g depth f o r a known sealer f o r a giv­
en j o i n t width and expansion. 

2/ Values of 4 .0, 5.O and 6.0 x 10-6 ^ave been suggested i n the l i t e r a t u r e . 
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Step 6 
The found depth valtie (l^iax) should be equal to greater than the min­

imum joint width (Wmin) but never less than ^ i n . ^ ^ . I f this i s not so, 
take smaller slab length or wider minimum joint width and repeat Steps 3 , 
k and 5-

Step T 
Finally, check by Figure 28 whether the sealer does not curve in too 

deep for the seal as determined in Step 5 . I f H exceeds ^ i n . i ^ / , foreign 
matter might accumulate on the top of the sealer. 

^ 0.2 
o 
E 
< 0.1 

0 20 4 0 6 0 8 0 100 120 140 
Maximum Linear Expansion of a Joint, in Percent (AW) 

Figure 28. Maximum curve-in (H) valiies. 

EXAMPLE 
Step 1 

A hot-poured rubber-asphalt sealer was tested in the laboratory in a 
| - i n . opening. I t failed at I . 3 7 in. (Wf = 1.37) or after 0.87-in. ex­
tension. 

19/ See discussion in Appendix C. 
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Step 2 
The percent of test joint expansion at failure was 0 .87:0.5 - 174 

percent. Entering this VELLUB at the bottom of Figure 26 and intersecting 
the line, 120 percent for maximum allowable stred-n in the sealer i s ob­
tained. 

Step 3 
State "3P' specifies contraction joints only, spaced 75 f t apart. 

Measured joint movements at mmerous places of similar pavements indicate 
that the maximum joint expansion i s about 0.375 in. 

The same State "3?' does not have f i e l d measurements to rely upon. 
They know that the difference between maximum and minimum yearly temper­
atures i s about 105 F. They estimate the coefficient of expansion for 
the concrete to be k.O x 1 0 " ° . Thus the maxlm\m joint expansion can be 
calculated: 75 x 12 x 105 x 4 .0 x lO ' O = 0.378 in. 

Step k 
They would like to have as narrow joints as possible, but they real­

ize that for 75-ft spacing l / 8 - and •^-ln. joints might not be sufficient. 
They assume 3/8 in. (Wmln = 3 /8) for the f i r s t t r i s L L . This means that the 
maximum joint expansion i s 3 /8:3/8 or 100 percent (AW = lOO). 

Step 5 
The sealed depth design curves are found in Figure 27. Entering 100 

percent at the bottom and 120 percent from the l e f t side, a point of in­
tersection i s obtained. I t happens to be at a point where Ebax/^mln -
1.05 or Einax = 1-05/0.375 = 0.4 in. This i s slightly below the minimum 
specified 0.5 in. and maybe a j - i n . joint would be more desirable in this 
caseii/. 

Step 6 
A -I-in. joint (after going through Steps 4 and 5 again) can have max­

imum depth of 0.95 in. which i s a l l right (AW = 75; 'Djoax = O .95). 

Step 7 
The -g-ln. wide and 0.95-in. deep seal w i l l ciorve In about 0.3 In. at 

AW = 75 according to Figure 28, and i s acceptable. 

i i / Reduction of slab length would permit keeping the 3 /8-in. joint. 
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APPENDK C 
Discussion of Proposed Design Procedure 

step 1 descrihes the physical dimensions of the bond-ductility speci­
men. The -^-in. width and 1-in. depth were suggested because t h i s combina­
t i o n so f a r gave the most uniform and re l i a h l e s t r a i n values i n laboratory 
investigations. The 6-in. length appeared to be the minimum needed to 
eliminate the influence of the specimen ends on the s t r a i n pattern i n the 
center of the seal. 

Step 2 t e l l s how to use Fig\are 26. The curve f o r t h i s figiore i s 
taken from Figiire 12 ( % i n = and Dx = 1 in.) using only one-half of the 
calculated s t r a i n values (safety factor of two). I t was extended f o r pos­
sible f a i l u r e s beyond the 200 percent l i m i t (AW) where the v a l i d i t y of the 
parabolic curve ends. This part of the curve, therefore, i s only an ap­
proximation and should have significance only i n the laboratory t e s t , t o 
the resxilts of which a safety factor of two i s applied. Kuenning has 
shown that the maximim allowable s t r a i n (SjQgx) f o r a certain hot-poured 
rubber-asphalt sealer was around 110 percent (SF = 2 i s included). 

Step 3 and Step k are self-explanatory. 

Step ^ describes how to use Figure 27 which i s "basicaJJLy i d e n t i c a l 
to Figxare Ik. I t shows the correlation between j o i n t width, depth of 
seal, j o i n t expansion, and the maximum s t r a i n i n the sealer. Even though 
the chart permits s t r a i n estimates f o r extensions up to I50 percent, i t 
i s questionable whether i n actual practice t h i s can ever be reached. Ex­
treme expansions might affect the a h i l i t y of the sealer t o recover when 
the j o i n t closes. 

Step 6 c a l l s f o r •|--in. mlnimimi sealed depth. This value was assumed 
to be the shallowest seal that can be placed under f i e l d conditions. 

Step 7 calls f o r a maximum allowable curve-in of ̂  i n . This was con­
sidered the maximum depth at which the surface of the sealer coiild "be kept 
clean through the suction action of passing t r a f f i c . 

F i n a l l y , i t should he emphasized that more thought and data are need­
ed t o check t h i s seal design procedure and the assumptions. 



APPENDIX D 
Test Road to Check Joint Seal Design Theory 

The basic outline of the j o i n t seal design theory was presented at 
the l a s t meeting of Committee D-3 of the Highway Research Board. I t was 
considered useful t o t e s t on the road various combinations of j o i n t width 
and depth of seal. Through cooperation of the State of New York and Com­
mittee D-3 some iko transverse j o i n t s were sealed i n September I958. The 
Joint widths were 3/8 and 5 i n . The depth of the sealer i n the j o i n t s 
was ^, 1 and 2 i n . A hot-poured rubber-asphalt sealer was used to f i l l 
the j o i n t s . The j o i n t expansion and the curve-in depths w i l l be measured 
periodically and compared with the predicted theoretical values. 

51 



APPENDIX E 
Miscellaneous Equations 

ro 

A. Equation for Curves in Figure 14 (also Figures 6 to 13 and Figure27ln Appendix B ) 

A = H (parabol.ic area) and I 3 ^ ( * - - w - i J i i . 4 . i i . ( w , - w „ , „ ) 

H = l ^ but A = J - ( W , . W „ , „ ) D , . t h e r e f o r e 

Substituting H 

L = 4 - / W 2 + 16H2 + ^ In 4 H + / W , ^ + 1 6 H 

6 - ^ <*'x-*min> 

L - W m in 

W 
" m i n 

X 100; 

)2 + 

i l n 

XlOO 
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B. Theoretical Joint Expaosion Limit for a Sealer ia any joint i s 200 Percent. 

If = (W^ ) at 0 percent expansion (AW) the cross-sectional area of the joint at 

200 percent expansion will be: 

A . + 2 A ^ = 3(W^,„xDJ or 

2 A , = 2 ( W „ , „ x D J and A^ = {W„,„xDJ 

but A p = — HW^ = (W^.„x D J from which 

3 W D 
H = y —SLL"—1 at 200 percent expansion = 3W „ j „ 

or H = - = or the sealer has to break (theoretically) in the 
If) in 

middle at AW = 200 

C . Equation for'Curves in Figures 15 to 22. 

as AW = ( X 100 = 100 ^ 100 
w . w . 

m m m m 

or AW + 100 = 100 
w . 

1 1 w. 
or Aw+loo 100 w 

or = — which substituted in (1) gives H = - D ^^'TTT,;;;) 
w A w + l O O 4 * iiw+ioo 

HRB:OR—269 



r p H E N A T I O N A L A C A D E M Y OF S C I E N C E S — N A T I O N A L R E S E A R C H C O U N -

1̂  C I L is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

A C A D E M Y itself was established in 1 8 6 3 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
A C A D E M Y and the government, although the A C A D E M Y is not a goveri.-
mental agency. 

The N A T I O N A L R E S E A R C H C O U N C I L was established by the A C A D E V . / 
in 1 9 1 6 , at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
A C A D E M Y in service to the nation, to society, and to science at home and 
abroad. Members of the N A T I O N A L R E S E A R C H C O U N C I L receive their 
appointments from the president of the A C A D E M Y . They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the A C A D E M Y and its R E S E A R C H C O U N C I L thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The H I G H W A Y R E S E A R C H B O A R D was organized November 1 1 , 1 9 2 0 , 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the N A T I O N A L R E S E A R C H C O U N C I L . 
The B O A R D is a cooperative organization of the highway technologists of 
America operating under the auspices of the A C A D E M Y - C O U N C I L and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 


	PERFORMANCE OF CONCRETE PAVEMENTS AS RELATED TO SUBBASE CONSTRUCTION METHODS PHIL FORDYCE AND J D GEESAMAN
	JOINT CONSTRUCTION IN CONCRETE PAVEMENT GORDON K RAY
	A THEORETICAL APPROACH TO DESIGN OF A ROAD JOINT SEAL EGONS TONS
	APPENDIX A OUTLINE OF A BOND DUCTILITY TEST FOR EVALUATION OF SEALERS
	APPENDIX B PROBABLE JOINT SEAL DESIGN PROCEDURE
	APPENDIX C DISCUSSION OF PROPOSED DESIGN PROCEDURE
	APPENDIX D TEST ROAD TO CHECK JOINT SEAL DESIGN THEORY
	APPENDIX E MISCELLANCOUS EQUATION



