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Resealing Joints and Cracks in Concrete 
Pavments With Hot-Poured Rubber-Asphalt 

J . C. Robbers, Assistant Chief Ehgineer 
and 

John H. Swanberg, Engineer of Materials and Research 
Minnesota Department of Highways 

SYNOPSIS 

IN view of the obvious need for a major program of r e s e a l 
ing j o i n t s and cracks i n concrete pavements, the Mainte
nance Division of the Minnesota Highway Department, i n co
operation with the Division of Materials and Research, 
i n i t i a t e d an experimental project i n 1949 to study the cut
t i n g , cleaning, and resealing of j o i n t s and cracks. The 
study included methods, equipment, materials and costs. 

I n view of the apparently successful r e s u l t s obtained 
on the experimental project, the Maintenance Division 
awarded contracts for sealing approximately 85 mi, of pave
ment with hot-poured rubber-asphalt i n the 1950 season. 
The p r i n c i p a l bid item was for j o i n t cleaning and resealing, 
the bid price per pound to include " a l l material furnished, 
and a l l operations necessary f o r , or i n c i d e n t a l to cutting, 
cleaning and f i l l i n g " j o i n t s and cracks. The o v e r a l l r e s u l t s 
obtained were so sa t i s f a c t o r y that the department decided to 
continue the program of r e h a b i l i t a t i o n of i t s old concrete 
pavements and 333 mi. were placed under contract for 1951. 
The contemplated program for 1952 i s approximately 390 nd. 

This paper describes the experimental project and the 
materials, methods and equipment developed to acconq)lish 
economically the work under contract. 

IN the early years of concrete highway construction, pavements were l a i d 
without j o i n t s , either transverse or longitudinal.' The inevitable r e s u l t , 
of course, was the development of cracks of i n d e f i n i t e and i r r e g u l a r pat
tern varying i n spacing as we l l as pattern and depending on such factors as 
subgrade s o i l , strength of the concrete, teiq>erature at time of placing, 
subsequent curing and others. With the objective i n mind of controlling 
the cracking, j o i n t s , both longitudinal and transverse, were introduced. 
L£uch has been done and written i n connection with the development of s a t i s 
factory j o i n t design, and i t can be said that such design and practice have 
lar g e l y eliminated the former promiscuous cracking. I n recent years the 
trend appears to be, at l e a s t i n several s t a t e s , to eliminate the expansion 
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j o i n t s , except a t such places where the pavement abuts against a bridge or 
other stxnicture. The j o i n t s are thus l i m i t e d t o l o n g i t u d i n a l j o i n t s and 
transverse c o n t r a c t i o n j o i n t s , the spacing o f the l a t t e r being r e l a t i v e l y -
c l o s e , depending upon such f a c t o r s as amount of s t e e l reinforcement, i f 
any, c l i m a t e , experience of the engineer, and other f a c t o r s . 

Although the use o f j o i n t s has l a r g e l y e l i m i n a t e d the cracking prob
lem, other problems have a r i s e n , the s o l u t i o n o f which are among the most 
serious r e l a t e d t o the maintenance o f concrete pavements. Pavements, l i k e 
people, r e q u i r e c o n t i n u a l maintenance, and as w i t h people, the maintenance 
problem becomes more acute w i t h i n c r e a s i n g age. I t has been our observation 
t h a t , f o r the most p a r t , d e t e r i o r a t i o n o f pavements s t a r t s a t the cracks and 
j o i n t s and progresses from t h e r e . I f not caught i n the e a r l y stages the 
maintenance can become a very c o s t l y i t e m . Figure 1 shows the development 
of cracking adjacent t o a j o i n t and Figure 2 shows the advanced stage o f 
s i m i l a r d e t e r i o r a t i o n a t a nearby j o i n t i n t e r s e c t i o n . What appears t o be 
adequate j o i n t maintenance i n Figure 1 i s a case o f "too much too l a t e . " 

Figure 1 . Development o f crack
i n g adjacent t o a j o i n t i n t e r 
s e c t i o n . 

Figure 2. Advanced stage o f de
t e r i o r a t i o n a t a j o i n t i n t e r s e c 
t i o n . 
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I n addition to the prevention or retarding of deterioration, the 
maintenance of j o i n t s i s p a r t i c u l a r l y important i n those areas vrtiere high 
j o i n t s can develop because of the effect of moisture on the subgrade s o i l . 
Proper j o i n t maintenance can also contribute to the reduction of the l i k e 
lihood of pumping where the combination of s o i l s , moisture, and t r a f f i c may 
be such as to permit or cause pumping. 

NEED OF MAJOR RESEAUNG PROGRAM IN MINNESOTA 

I t has been apparent for some time that a major resealing of j o i n t s 
and cracks was long past due i n Minnesota. Deterioration of the concrete 
(as evidenced by D-cracking), which we believe i s aggravated by lack of ad
equate j o i n t maintenance, was becoming a very serious maintenance problem. 
High j o i n t s have also been a problem on a number of projects, and i t i s 
believed that these, to a degree, can be attributed to the Joints not being 
s u f f i c i e n t l y w e l l sealed to prevent the entry of water. The prevention of 
pumping was also a factor deserving of consideration. With the usual j o i n t -
f i l l i n g materials and practices, the f i e l d maintenance forces were unable 
to cope s a t i s f a c t o r i l y with the problem, and i t became evident that a major 
program was i n order. 

THE 1949 EXPERIMEMTAL PROJECT 

Prior to entering upon a resealing program of statewide proportions 
i t was f e l t that some preliminary studies should be made. An experimental 
project was set up i n 1949 with a three fold objective to: (1) study the 
behavior and performance of rubber-asphalt and other j o i n t - a n d - c r a c k - f i l l i n g 
materials and the equipment necessary to properly heat and place them into 
the j o i n t s and cracks; (2) study mechanical methods and equipment f o r the 
proper cleaning of j o i n t s prior to resealing; and (3) develop data which 
would serve as a guide to the state and potential contractors i n the matter 
of suitable methods, equipment, and cost estimates. 

mth the above objectives i n mind the Maintenance Division, with the 
t e c h n i c a l assistance of the Division of Materials and Research, f^et up an 
experimental project approximately 6.6 mi,, net, i n length. This project 
consisted of cutting, cleaning, and resealing the j o i n t s and cracks on US 8 
through Ramsey County. The pavement consisted of three lanes, each 9 f t . 
i n width, and was b u i l t i n 192? and 1928. The coarse aggregate consisted 
of gravel and limestone, each separately i n various sections. Expansion 
j o i n t s of premolded f i l l e r were spaced at 201-ft. i n t e r v a l s and contraction 
j o i n t s using s t e e l divider plates were spaced at 40-ft. i n t e r v a l s . The 
longitudinal Joints were also constructed with s t e e l divider plates. The 
pavement was i n good condition, except for some sections where limestone ag
gregate had been used, and p i t t i n g had occurred rather severely i n some sec
t i o n s . The Joints and cracks were generally i n need of f i l l i n g . 

The resealing work was done with maintenance forces and equipment, 
except for the Joint-cutting machine, which was rented. The sealing conv-
pounds were purchased except i n some cases where manufacturers donated the 
material so that i t might be included i n the experiment. The work was 
started on August 9 and the l a s t pouring was completed on October 27, 1949. 
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C u t t i n g and Gleaninj^ Operations i 

The c u t t i n g or grooving was done w i t h a concrete-grooving-and-joint-
cleaning machine. This machine was used f o r the c u t t i n g o f a l l j o i n t s and 
cracks. A general view o f the machine as v/ell as a t y p i c a l view of the 
pavement i s shovm i n Figure 3. T y p i c a l arrangements of the c u t t e r s on the 
c u t t e r head are shown i n Figures 4 and 5« 

Figure 3. Concrete-grooving-and-
j o i n t - c l e a n i n g machine. 

Figure 4. Arrangement o f c u t 
t e r s f o r transverse j o i n t s . 

O r i g i n a l j o i n t s i z e , shape, and 
c o n d i t i o n determine t o a great ex
t e n t what the dimensions of the 
cleaned cut v d l l be. Degree o f wear 
of the c u t t e r s , hardness of the con
c r e t e , and the amount o f o l d j o i n t -
s e a l i n g matericil are also f a c t o r s . 
The cuts are not square shouldered, 
the r e s u l t a n t cross s e c t i o n being 
dependent on the shape o f t h e o r i g 
i n a l j o i n t and the degree o f wear 
on the c u t t e r s . The cuts v a r y from 
a rounded shoulder n e a r l y square t o 
a V-shaped c u t . On wide and i r r e g u 
l a r j o i n t s as many as threa passes 

•neve r e q u i r e d t o thoroughly clean the sides o f t h e j o i n t . On un i f o r m , uiv-
s p a l l e d , average-sized expansion j o i n t s only one pass was r e q u i r e d . Cracks 
vrere cut i n one o p e r a t i o n . A t y p i c a l j o i n t a f t e r c u t t i n g i s shown i n F i g 
ure 6. 

Figure 5. Arrangement o f c u t t e r s 
f o r l o n g i t u d i n a l j o i n t s . 

Heating o f Hot-Poured F i l l e r s 

Among the important lessons learned on the p r o j e c t was t h a t concern
ed w i t h t h e heating equipment. The heating k e t t l e was new, o f the o i l -
j acketed type w i t h automatic temperature c o n t r o l and hand-actuated a g i t a t o r . 
The e f f e c t o f the a g i t a t o r was p u r e l y l o c a l and o f d o u b t f u l e f f e c t i v e n e s s 



even t h e r e . Regardless o f the e f 
f i c i e n c y o f the hand-operated a g i t a 
t o r i t should not be pe r m i t t e d . 
Rubber-asphalt j o i n t f i l l e r r e q u i r e s 
continuous a g i t a t i o n and t h i s cannot 
be p o s i t i v e l y assured vd.th hand op
e r a t i o n . 

Because o f the inadequate a g i t a 
t o r and other f a c t o r s , heating o f 
the f i l l e r was a slov; and c o s t l y 
process. I t s shortcomings c o n t r i b u t 
ed s u b s t a n t i a l l y t o slow progress and 
high cost o f the work. The maximum 
q u a n t i t y of f i l l e r heated and poured 
i n one day was 1,400 l b , and t h i s r e 
quired 13 h r . The experience proved 
i n v a l u a b l e i n t h a t i t was learned 
t h a t t o make s a t i s f a c t o r y progress 
and i n s u r e u n i f o r m i t y i n temperature 
and consistency—and t h i s i s v i t a l 
t o e f f i c i e n t and s a t i s f a c t o r y w o r k — 
mechanically a g i t a t e d k e t t l e s must 
be s p e c i f i e d . 

Figiare 6. T y p i c a l j o i n t a f t e r 
c u t t i n g w i t h concrete-grooving- Pouring F i l l e r 
a n d - j o i n t - c l e a n i n g machine. 

A l l pouring was done w i t h pour
i n g p o t s , but t h i s was not s a t i s f a c t o r y . As pouring progressed, the pour 
pots b u i l t up w i t h f i l l e r m a t e r i a l and i t was necessary t o bum them out 
from time t o t i m e . For t h i s and other reasons, i n c l u d i n g u n i f o r m i t y and 
neatness of pour, i t was concluded t h a t f o r f u t u r e work mechanical a p p l i c a 
t o r s would be r e q u i r e d , 

A hand-operated squeegee was used w i t h some success at a s a c r i f i c e 
o f speed. From the standpoint o f j o i n t appearance i t was o f b e n e f i t , a l 
though i t became s t i c k y and could not be e a s i l y cleaned. 

Pouring was commenced on a l l rubber-asphalt f i l l e r s a t temperatures 
from 400 F. t o 430 F. As the pour progressed the f i l l e r became i n c r e a s i n g l y 
more viscous w i t h l i t t l e drop i n temperature t o the p o i n t where dis c o n t i n u a 
t i o n o f pouring operations was i n d i c a t e d . I t would appear t h a t something 
s i m i l a r t o l a t e n t heat o f f u s i o n r e q u i r e s time as w e l l as adequate tempera
t u r e t o convert t h i s type o f f i l l e r i n t o a f l u i d s t a t e . Subsequent e x p e r i 
ence has taught us t h a t t h e r e i s a d i f f e r e n c e i n the heating p r o p e r t i e s and 
most-suitable pouring temperatures f o r various f i l l e r s . 

F i l l e r s Used 

The major p o r t i o n o f the f i l l e r m a t e r i a l used i n t h i s i n v e s t i g a t i o n 
consisted Of the hot-poured rubber-asphalt type conforming t o Federal Spec
i f i c a t i o n SS-F-336a. Five other f i l l e r s were used i n r e l a t i v e l y small quan
t i t i e s . 
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Observations and Conclusions 

Following the coD5)letion of the experimental project the following 
observations concerning the methods were noted: 

The j o i n t s and cracks can be rea d i l y cut with the cutting or groov
ing machine, although the j o i n t s did not always have as v e r t i c a l a shoulder 
as would seem to be desirable. More-frequent changing of cutter heads 
would, to a large extent, improve t h i s condition. The matter of cutter r e 
placements amounts to a rather substantial item of cost. 

Specifications for future work should d e f i n i t e l y require that the 
melting unit have a mechanically operated agitator to provide continuous 
and e f f e c t i v e agitation of the melting f i l l e r material. Positive control 
of tenperature i s also a necessary requirement. 

F i l l i n g of j o i n t s should be done with a mechanical applicator and 
pouring pots should not be permitted. 

The j o i n t s should be dry and free of dust. An adequate amount of 
brushing and a i r equipment of s u f f i c i e n t a i r pressure and volume should be 
required, 

T r a f f i c can be s a t i s f a c t o r i l y hsmdled without too much interference 
to operations i f properly coordinated. 

On the basis of t h i s expezlmental project, i t was recommended that 
serious consideration be ̂ v e n to setting up jo i n t - a n d - c r a c k - f i l l i n g proj
ects of such magnitude that they could be done by contract. I t would be ex
pected that i f contracts were of s u f f i c i e n t s i z e , contractors would be i n 
terested i n such work and would purchase the equipment necessary to do the 
work e f f i c i e n t l y to the mutual benefit of the state and the contractor. I t 
was stated that there were many miles of concrete pavements seriously i n 
need of joint-and-crack maintenance. Prior to the l a t e r s etting up of proj
ects for 1950, i t was recommended that the work be done using f i l l e r s of the 
hot-poured rubber-asphalt type. 

1950 MAINTENANCE CONTRACTS 

Location of Projects 

From the study of methods used and the r e s u l t s obtained i n the 1949 
experimental project, the department early i n 1950 decided to prepare speci
f i c a t i o n s f o r the performance of t h i s type of work by contract. I n i t i a l l y , 
two projects were selected, one of 33 mi. of 20-ft. pavement located between 
South S t . Paul through Hastings and southerly to Cannon F a l l s , the second a 
42-mi, section of 20-ft. pavement located between McGregor and Carlton, near 
Duluth. A t h i r d project consisting of about 10 mi. i n length of 40- to 57-
f t . pavement i n Duluth was selected and designed for contracting i n the l a t e 
summer months. 

Estimate of Requirements 
An estimate of the requirements was based on a representative crack 
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survey. For 20-ft. pavement 10,000 l i n , f t , per mile v/as used as the e s t i 
mated t o t a l footage of j o i n t s and cracks. For the work i n Duluth, 26,000 
f t . per mi. was used as t h i s pavement was over 40 f t . wide and th'erefore 
had additional longitudinal j o i n t s . This was estimated at 0,5 l b , (average) 
of rubber-asphalt material per l i n e a l foot of a l l j o i n t s and cracks. An 
accurate record was subsequently kept of actual footage of j o i n t s and cracks 
cleaned £ind resealed on these three contracts, to be used as a basis for es
timating requirements and costs on future work. The contract on Highvjay 210 
actually required 0.566 l b . per l i n e a l foot (average) and the average totsQ. 
footage of j o i n t s and cracks was 10,134 f t . per mi. (20-ft. pavement). The 
work i n the c i t y of Duluth required an average of 0,559 l b . of material per 
l i n e a l foot and the average t o t a l footage of a l l j o i n t s and cracks was 
27,780 f t . per nd. 

1950 S p e c i f i c a t i o n Synopsis 

The specifications and s p e c i a l provisions for these projects con
tained only three bid items. The p r i n c i p a l item was for j o i n t cleaning and 
r e s e a l i n g , the bid price per pound to include " a l l material furnished, and 
for a l l operations necessary for, or i n c i d e n t a l to cutting, cleaning and 
f i l l i n g " of j o i n t s and cracks. The other two bid items covered cleaning of 
any pavement area outside of the j o i n t s and cracks, and the furnishing of 
flagmen as required by the engineer (both on a man-hour b a s i s ) . The l a t t e r 
two items were exenqjted from the standard contract clause which permits-an 
adjustment i n unit bid price vrtien such items are more than 20 percent over 
or under the contract quantity. 

For the removal of the old j o i n t f i l l e r and the cleaning of the 
j o i n t s and cracks, the specifications required the following equipment: 

1. Cutting or Grooving Machine. A self-powered machine operating 
a rotary cutter or revolving cutting t o o l capable of completely removing the 
old j o i n t material and roughening or refacing each side w a l l of the j o i n t or 
crack without excessive spalling or otherwise^unduly damaging the edges. 

2. Power Brush. A mechanically-po\vered rotary wire brush, either 
as a separate unit or as a part of the cutting or grooving machine. 

3. Air Compressor. A portable a i r compressor capable of continu
ously furnishing not l e s s than 60 cu, f t . of a i r per ndnute at a pressure of 
not l e s s than 90 l b . per sq. i n . 

U» Wire Brush and Air Nozzle, A manually operated push-type wire 
brush with air-nozzle attachment for f i n a l cleaning of j o i n t s and cracks, 
immediately i n advance of the j o i n t - a n d - c r a c k - f i l l i n g operations. 

The j o i n t - s e a l i n g compound to be furnished by the contractor was r e 
quired to be of the rubber-asphalt, hot-poured type, conforming to Federal 
Specification SS-F-336a. 

For the melting and pouring of the rubber-asphalt material, the 
specifications required: 
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5. Melting Ket t l e . The melting k e t t l e s h a l l be of the double-
b o i l e r , indirect-heating type, u t i l i z i n g hot or other material as the heat-
t r a n s f e r medium. The k e t t l e s h a l l have an e f f e c t i v e mechanically operated 
a ^ t a t o r and s h a l l be equipped vdth positive temperature control to prevent 
overheating of the f i l l e r material. 

6. Pouring Equipment. The pouring equipment s h a l l consist of a 
mechanical applicator equipped vdth s a t i s f a c t o r y means of keeping the s e a l 
ing compound heated, with adequate temperature control and manual agitator 
to f a c i l i t a t e pouring. 

Hand-pouring pots w i l l be permitted only to complete the f i l l i n g of 
j o i n t s or cracks inadequately f i l l e d by the mechanical applicator. 

A suitable squeegee or shoe s h a l l be used to remove excess material 
at the j o i n t or crack so as to obtain a f u l l y f i l l e d j o i n t , neat i n appear
ance and without excess of j o i n t material. The squeegee or shoe may be a 
part of the pouring k e t t l e or a separate t o o l . 

7. Construction Requirements. The construction requiremente of the 
1950 specifications provided that "the j o i n t s and cracks s h a l l be thorough
l y cleaned of a l l loose s c a l e , d i r t , dust, and other foreign matter, that 
the cutting and cleaning of the j o i n t s h a l l be such that a clean j o i n t sur
face w i l l be obtained on each w a l l of the j o i n t to a depth of not l e s s than 
3/4 i n , " Following the cutting operation, the j o i n t s were to be further 
"cleaned by means of a mechanically operated, rotary wire brush", and im
mediately before the pouring of the hot rubber-asphalt material, the j o i n t s 
were to be "again thoroughly cleaned with compressed a i r and a manually op
erated wire brush," 

The specifications provided that "the rubber-asphalt material s h a l l 
be heated to the temperature recommended by the manufacturer, but not to 
exceed 450 F, at any stage i n the melting or pouring operations; that i t 
s h a l l be subject to continuous and positive mechanical agitation; that i t 
s h a l l be maintained at an even temperature u n t i l placed i n the j o i n t ; and 
that the contractor s h a l l , i n the event of circumstances beyond his control 
vrhich prevent him frcxn pouring the sealing compound, reduce the temperature 
to from 275 F. to 325 F,, and maintain that temperature u n t i l j u s t prior to 
the time pouring operations are resumed," 

Pouring of the sealing compound was permitted only when the pavement 
surface and the j o i n t s were dry, and when the a i r temperature was above 40 F. 

Half-width construction was required at a l l times, and a l l old j o i n t 
material and other debris removed from the j o i n t was required to be immed
i a t e l y removed from the pavement svirface. 

Preliminary Information to the Contractors 

As none of the contracting firms of t h i s area had had experience i n 
the performance of work of t h i s nature, the department made available to 
them complete information on the constiniction methods, equipment and costs 
obtained i n i t s experimented work of 1949, 



V/hen t h e c o n t r a c t o r s were f i r s t approached on the proposed work, 
some of them s e r i o u s l y questioned the proposed basis f o r payment, which vtas 
to be on the basis of pounds o f s e a l i n g m a t e r i a l placed i n s t e a d of the cus
tomary l i n e a l f e e t o f j o i n t . However t h i s method o f payment was adopted i n 
the b e l i e f t h a t i t would be f a i r t o a l l p a r t i e s . The c o n t r a c t o r would not 
be encouraged t o skimp the work, as might be the case v d t h a p e r - f o o t pay
ment b a s i s . Nor v/ould he be tempted t o widen j o i n t s and cracks unnecessar
i l y , since widening i s a c o s t l y procedure. The per-pound method has worked 
e x c e l l e n t l y , i n our o p i n i o n , and the contractors are b e l i e v e d t o be e n t i r e l y 
s a t i s f i e d w i t h i t . 

S p i r i t e d b i d d i n g f o r the f i r s t two p r o j e c t s developed and both con
t r a c t s were awarded on J u l y 7, 1950. The p r o j e c t i n Duluth was av;arded on 
August 11. The u n i t p r i c e s b i d f o r rubber-asphalt j o i n t f i l l e r on these 
t h r e e p r o j e c t s ranged from $0,216 t o feO.298 per l b . i n p l a c e . 

Develoment o f Equipment 

I t was discovered d u r i n g the f i r s t few days o f operations t h a t i f 
t h e l e t t e r o f the s p e c i f i c a t i o n s v/as s t r i c t l y adhered t o r e q u i r i n g t h e use 
o f a self-powered machine operating a r o t a r y c u t t e r or r e v o l v i n g c u t t i n g 
t o o l , the amount o f s e a l i n g compound r e q u i r e d t o f i l l the grooved and clean
ed j o i n t s would be considerably i n excess o f the 0.50 l b . per f t . o r i g i n a l l y 
estimated. I f p e r m i t t e d t o continue, t h i s would have r e s u l t e d i n a prohib
i t i v e cost per m i l e , and the death o f t h e f u t u r e program f o r t h i s type o f 
work. Therefore, the contractors were pe r m i t t e d and encouraged t o devise 
equipment t h a t would groove and clean the j o i n t s t o the extent r e q u i r e d by 
t h e s p e c i f i c a t i o n s , even though such equipment might not conform t o speci
f i c a t i o n requirements. Figures 7 t o 9 i l l u s t r a t e equipment developed by the 
c o n t r a c t o r s t o accomplish t h e d e s i r e d jKWn- u 
r e s u l t s . The r e s u l t s obtained w i t h OTlKv. • • ^ 
such equipment have been reasonably 
s a t i s f a c t o r y . 

Figure 7. Motor grader w i t h spec
i a l c u t t e r mounted on s c a r i f i e r 
t e e t h . This machine used f o r 
c l e a n i n g , roughening, and r e f a c -
i n g l o n g i t u d i n a l j o i n t s o n l y . 

Figure 8. Tractor equipped w i t h a 
s p e c i a l c u t t e r , h y d r a u l i c a l l y con
t r o l l e d by operator. This machine 
i s i n o p e r a t i o n , c l e a n i n g , rough
ening, and r e f a c i n g l o n g i t u d i n a l 
j o i n t s i n Duluth, Minnesota. I t 
can also be used f o r transverse 
j o i n t s . 
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Figure 9. The small c u t t e r i s 24 
i n , vd.de and was used f o r clean
i n g , roughening, and r e f a c i n g long
i t u d i n a l j o i n t s . The vdde c u t t e r 
was used f o r the removal o f o l d , 
extruded j o i n t - f i l l i n g m a t e r i a l s 
from the pavement surface adjacent 
t o the crack or j o i n t . 

Observations and Conclusions 

Progress 

O v e r a l l progress was, a t f i r s t , 
r e l a t i v e l y slow, but w i t h develop
ment of equipment, experience w i t h 
such equipnent and f a m i l i a r i t y w i t h 
the m a t e r i a l and i t s behavior, r a t e 
of progress g r a d u a l l y improved u n t i l 
as much as 5 »000 l b . of f i l l e r were 
poured per day. 

costs 

The average cost per mile f o r 
the 85 mi, constructed under the 
three 1950 contracts was $1,621 f o r 
the 2 0 - f t . w i d t h o f pavement and 
^4,685 f o r the Duluth p r o j e c t , urtiich 
costs included a l l engineering, i n 
spection and maintenance cleanup, 
and d i s p o s a l o f a l l d e b r i s removed 
from the j o i n t s and pavement surface. 

So successful vras the experience w i t h the performance o f t h i s type 
o f v/ork by cont r a c t methods t h a t the department decided t o continue i t s pro-
;;;ram o f pavement r e h a b i l i t a t i o n v d t h a considerably enlarged program i n 
1951. - . 

1951 PROGKAM 

Location o f Projects 

Ear l y i n January o f 1951, three p r c j e c t s v;ere a d v e r t i s e d f o r a l e t 
t i n g i n February. The pavements selected were b u i l t between 1929 and 1933, 
a l l o f a 20-ft. minimum vddth, s t r u c t u r a l l y sound, and not programmed f o r 
r e c o n s t r u c t i o n , widening o r r e s u r f a c i n g v d t h i n the next 10-year p e r i o d . The 
length o f each p r o j e c t and the estimated requirements of hot-poured type o f 
rubber-asphalt compound were as f o l l o w s : 

P r o j e c t One 
Proj e c t Two 
Pro j e c t TTiree 

91 mi. 
125 mi. 
117 nd. 

550,000 l b , 
750,000 l b , 
7U.,000 l b . 

A f o u r t h p r o j e c t was selected f o r a l e t t i n g on May I S t h , This p r o j 
ect was locate d i n Duluth and was 4.10 mi. i n l e n g t h , minimum of' 60 f t . i n 
w i d t h , r e q u i r i n g an estimated 57,465 l b . o f r.ubber-asphalt f i l l e r m a t e r i a l . 

B i d prices f o r the 1951 work f o r the i t e m o f rubber-asphalt j o i n t 
f i l l e r i n place ranged from $0,248 t o $0,290 per l b . 
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Specification Revisions 

P r i o r to the preparation of the bid proposals for these projects, 
an exhaustive review was made of the constjruction d i f f i c u l t i e s encountered 
i n the 1950 work, the machinery and equipment developed by the contractors, 
the reports and recommendations of the engineers and inspectors a s s i ^ e d to 
t h i s work, a l l of which revealed the necessity of only minor revisions i n the 
195)specifications. The changes adopted were as follows: 

1. Cutting or Grooving Equipment. Any rubber-tired equipment cap
able of con?)letely removing old j o i n t materials and roughening or refacing 
each sidewall of the j o i n t without excessive spalling or otherwise unduly 
damaging the j o i n t edges and the pavement surface. Such equipment s h a l l be 
capable of positive depth (not l e s s than 3A i n . nor more than 1 i n . ) and 
width control and s h a l l further produce clean j o i n t sidewalls. The width 
v a i l be s pecified by the engineer. 

The machine s h a l l be suitable for operation to the edge of the pave
ment. 

The use of any equipment which r e s u l t s i n daniage to the pavement 
w i l l not be permitted. 

2. Restricted Operations. Half-width construction w i l l be required 
at a l l times f o r the placement of j o i n t - s e a l i n g compound. 

At the discretion of the engineer, permission may be granted for the 
operations of cutting, grooving and cleaning transverse j o i n t s over the f u l l 
width of pavement. 

3. Flagmen. Flagmen sh£Lll be placed i n such number and at such l o 
cations as designated by the engineer to f a c i l i t a t e the safe movement of 
t r a f f i c through the zone of joint-cleaning-and-seallng operations, and f o r 
the protection of the completed work during the curing period. 

Progress 

Due to an abnormally cold and wet construction season, the contrac
tor on Project 1 worked only 91 days, on Project 2, 95 days, and on Project 
3, 84 days. As a r e s u l t , none of these projects were conqpleted, but the 
d a i l y average of sealing compound poured on each project exceeded the e s t i 
mate of 5,000 l b . 

Equipment 

1, Joint Cleaning, I n the cleaning of the j o i n t s and cracks a l l 
three contractors used the concrete-cleaning-and-grooving machine for cracks, 
a large t r a c t o r or motor grader f o r the longitudinal j o i n t s , and small t r a c 
tors for transverse j o i n t s (see i l l u s t r a t i o n s ) . 

The type of j o i n t f i l l e r i n place had much to do with the number of 
passes required to obtain a clean longitudinal j o i n t . As many as 10 passes 
were required at times to obtain a clean j o i n t meeting s p e c i f i c a t i o n require
ments. I n a normal daiy, these machines could clean 6,500 l i n . f t . 
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Figure 10. This garden-type tractor 
m t h concrete voights was used on 
tvro of the I 9 6 I contracts for the 
cleaning of tranverse j o i n t s . The 
p a i l shov/n hanging from the tractor 
v/as used for carrying extra cutters 
and t o o l s . 

Figure 11. Close-up of cutter 
tooth and assembly mounted on ma
chine shown i n Figure 10. 

Figure 12. A pov/er patrol used by 
one of the contractors for longi
tudinal j o i n t cutting and cleaning. 

Figure 13. A close-up view of the 
cutter and depth-control shoe i n 
action. 

By continuous experimenting with 
various small farm tractors and many 

different shapes and s i z e s of cutting tools, the machines, previously men
tioned and i l l u s t r a t e d , were developed. These machines.were able to clean 
a l l transverK j o i n t s of the old j o i n t - f i l l e r material without excessive 
s p a l l i n g . The walls of the j o i n t v/ere cut v e r t i c a l l y , which insured a bet
ter bond than obtained by the V j o i n t l e f t by cutting and cleaning with the 
cutting-and-grooving machine. The amount of rubber-asphalt material requir
ed for f i l l i n g was reduced by the use of such machines. ^ 

A l l machines used i n 1951 for cleaning j o i n t s were equipped with 
positive-depth-control devices. 
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F i g i i r e 14. Same machine as shov/r. 
i n Figure 8, equipped v d t h hj'drauT-
l i e ram and depth c o n t r o l arrange
ment . / 

Figure 16, Cutters developed and 
used f o r cleaning transverse 
j o i n t s . 

d r i v e n brushes, powered by a t l e a s t 
shovm i n Figure 18. 

Figure 15. L o n g i t u d i n a l j o i n t cut
t e r s used on 1951 p r o j e c t s . 

a 7 

Figure 17. Concrete-grooving-and-
j o i n t - c l e a n i n g machine used f o r 
c u t t i n g cracks. 

Thorough brushing out of the 
j o i n t i s a very important and c r i t 
i c a l o p e r a t i o n . Dust l e f t on the 
w a l l s o f the j o i n t t o be f i l l e d 
w i l l cause bond f a i l u r e , r e q u i r i n g 
c o s t l y removal o f the f i l l e r , r e -
cleaning o f the j o i n t , and repour-
i n g w i t h new f i l l e r m a t e r i a l . Very 
d i l i g e n t i n s p e c t i o n o f t h i s opera
t i o n i s most necessary t o be cer
t a i n of good r e s u l t s . The best r e 
s u l t s v/ere obtained vdth motor-
hp, motor, s i m i l a r t o the machine 

Immediately p r i o r t o f i l l i n g w i t h the hot rubber-asphalt, a l l j o i n t s 
and cracks were hand brushed and blown clean w i t h compressed a i r . Such a 
device i s i l l u s t r a t e d i n Figure 19. 
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Figure 23. One method used i n 
mounting a small gasoline motor 
f o r continuous a g i t a t i o n o f the 
hot rubber asphalt. 

inspectors on each p r o j e c t , one o f 
whom was i n o v e r a l l charge, one on 
pouring, one on c u t t i n g and clean
i n g j o i n t s , and the f o u r t h on j o i n t 
i n s p e c t i o n d i r e c t l y i n advance o f 
pouring operations. 

TIE 1952 PROGRAM 

The approved program f o r 1952 
w i l l approximate 390 mi., r e q u i r i n g 
an estimated 2,348,000 l b , o f rub
ber-asphalt m a t e r i a l . The pavements 
selected were b u i l t between 1930 and 
1943 t o a w i d t h o f 20 f t . , are s t r u c 
t u r a l l y sound, and are not i n the 
next 10-year program f o r widening, 
r e s u r f a c i n g , or r e c o n s t r u c t i o n . 

SPECIFICATION REVISIONS FOR THE 1952 PR0(2iAM 

An exhaustive review has been made o f th e c o n s t r u c t i o n d i f f i c u l t i e s 
encountered i n the 1951 work, the improvements i n equipment and technique 
developed by the contractors and manufacturers, the recommendations o f our 
engineers and inspectors assigned t o these p r o j e c t s , and the behavior o f 
f i e l d and l a b o r a t o r y experiments. The folliDwing r e v i s i o n s have been made 
i n the s p e c i f i c a t i o n s : 

1 . Ecmipment. Only i n d i r e c t , gas-heated-type m e l t i n g k e t t l e s w i t h 
p o s i t i v e t h e r m o s t a t i c c o n t r o l w i l l be permitted under t h e r e v i s e d s p e c i f i c a 
t i o n s . 

Likewise, the pouring equipment must be equipped w i t h p o s i t i v e t h e r 
mostatic c o n t r o l and continuous mechanical a g j t . a t i o n . 

Hand-pouring pots w i l l only be permit t e d f o r t h e f i l l i n g o f j o i n t s 
i n a c c e s s i b l e t o the mechanical a p p l i c a t o r . I t has been found t h a t hand-
pouring pots are not s a t i s f a c t o r y and t h e i r use w i l l be f u r t h e r r e s t r i c t e d . 

2. Construction Requirements. I n the 1951 s p e c i f i c a t i o n s t h e r e was 
no l i m i t a t i o n on the extent o f the contractor's operations, and as a r e s u l t , 
h i s c u t t i n g , grooving, and cleaning operations were as f a r as 30 mi. ahead 
of h i s pouring. The re v i s e d s p e c i f i c a t i o n s l i m i t £he o v e r a l l extent o f a l l 
operations t o a l e n g t h o f 5 mi. He w i l l be f u r t h e r l i m i t e d i n t h a t the 
j o i n t s s h a l l not be poured on h a l f o f the pavement more than one day's povir 
ahead o f t h a t poured on the adjacent h a l f . 

The d r y i n g o f the j o i n t s by the use o f heat w i l l be p e r m i t t e d , pro
vided t h a t t h i s o p e r a t i o n i s accomplished without damage t o the concrete 
faces of the j o i n t . I t i s f u r t h e r s p e c i f i e d t h a t compressed a i r s h a l l be 
used concurrently w i t h the operation o f heat i n g . 
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3. Preparation o f the J o i n t s . The depth o f c u t t i n g and cleaning 
has been changed from a minimum o f 3/4 i n . t o a minimum o f | i n . The maxi
mum depth remains at 1 i n . 

Figiare 24. Transverse crack a f t e r 
c u t t i n g . 

Figure 25. L o n g i t u d i n a l j o i n t 
a f t e r f i l l i n g . 

Recognizing t h a t dust i s the greatest enemy t o good adhesion the 
r e v i s e d s p e c i f i c a t i o n s w i l l r e q u i r e t h a t : "Immediately before the pouring 
of the f i l l e r , the j o i n t s s h a l l be thoroughly cleaned by means o f a mechan
i c a l l y - o p e r a t e d , r o t a r y w i r e brush, and the manually operated wire brush 
w i t h a i r - n o z z l e attachment. The a i r pressure f o r these operations s h a l l 
not be less than 90 l b , per so. i n . I n conjunction w i t h t h i s o p e r a t i o n , 
the e n t i r e vd.dth o f pavement, or such area designated by the engineer, s h a l l 
be cleaned by means o f compressed a i r . " 

4. Me l t i n g o f J o i n t Sealing Compound. The sealing-compound melt
i n g ten^jerature w i l l be designated by the engineer ins t e a d o f by the manu
f a c t u r e r . 

I n the event of circumstances beyond the c o n t r o l of the contr a c t o r 
which prevent him from pouring s e a l i n g compound already melted, he s h a l l 
reduce the temperature t o from 275 t o 325 F. and maintain t h a t temperature 
t m t i l j u s t p r i o r t o the time f i l l i n g operations are resumed. However, at 
the end of the day, any m a t e r i a l remaining i n the melter and a p p l i c a t o r s 
s h a l l be drawn o f f , and may be salvaged i f resacked i n approved containers. 

Estimated Cost Per M i l e 

i n g 
For the 1952 approved program i t i s estimated t h a t the cost o f seal-

a 2 0-ft. pavement w i l l be between |2,100 and |2,200 per mi., such es-
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timated costs t o i n c l u d e f i e l d s u p e r v i s i o n , i n s p e c t i o n , f i n a l cleanup and 
overhead, as. w e l l as co n t r a c t costs. , 

LABOIUTORY TESTING AND CONTROL 

I t was re q u i r e d t h a t the f i l l e r s o f the hot-poured rubber-asphalt 
type conform t o the requirements o f th e Federal S p e c i f i c a t i o n SS-F-336a 
dated May 19, 1947. For t h e d e t a i l e d requirements the reader i s r e f e r r e d 
t o t h a t s p e c i f i c a t i o n . S u f f i c e i t t o say t h a t the s p e c i f i c a t i o n includes 
requirements f o r pour p o i n t , p e n e t r a t i o n , f l o w and bond. 

Figure 26. Transverse crack a f t e r f i l l i n g . : -

During the 1951 season approximately 75 carloads o f rubber-asphalt 
j o i n t f i l l e r were sampled and t e s t e d . Unless f a i l u r e s were encountered the 
sampling procedure i n v o l v e d the t a k i n g o f nine samples at random from d i f 
f e r e n t batches o f each 4 0 - t o n car and 13 sanples from the 60-ton cars. Of 
these samples, th r e e were t e s t e d completely and f o r the o t h e r s i x the bond 
t e s t was om i t t e d . I f any of the samples f a i l e d i n bond t e s t , more t e s t s 
were made t o determine i f f a i l u r e was confined t o one batch o r s e v e r a l . 
The number o f t e s t s run and the number o f f a i l u r e s are shown i n Table 1 . 

TABLE 1. , 

Test Number o f Samples Number o f F a i l u r e s 
Bond 220 25 
Flow 684 4 
Penetration 69O 3 

I t would appear t h a t the t e s t i n g procedures are s t i l l i n the p i o 
neering stage and t h i s also a p p l i e s , a t l e a s t i n p a r t , t o the s p e c i f i c a t i o n 
requirements. Testing and heating techniques are s e n s i t i v e t o v a r i a t i o n s , 
p a r t i c u l a r l y i n temperature. I n d i c a t i v e of the d i f f i c u l t i e s encountered i n 
the t e s t i n g o f t h i s m a t e r i a l are the data obtained i n 1950 by a group of 
nine cooperating l a b o r a t o r i e s o f Group I V AASHO. On presumably i d e n t i c a l 
samples the determined pouring temperature v a r i e d from 370 t o 440 F. The 
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range of penetration r e s u l t s was from O.64 to 0,94 cm. Penetration and flow 
may vary vdth the pouring temperature and the bond t e s t i s quite c r i t i c a l 
as r e lated to pouring teII^}erature, Temperature and time of heating have 
considerable effect on a l l of the specified t e s t requirements, A limited 
number of t e s t s i n t h i s laboratory indicates a change of penetration of 
from 0.07 to 0,13 cm, per 10 F, change i n pouring temperature. 

The penetration t e s t involves a procedure s i m i l a r to that for pen
etration of asphalt cement except for the substitution of the grease cone 
for the needle and appears to be a b i t crude f o r the measurement being made. 
I t would appear that perhaps the t e s t could be better made using the stand
ard asphalt needle (see F i g . 27). 
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The bond t e s t presumably simu
l a t e s the behavior of the f i l l e r i n 
the Joint at low temperatures and 
under s t r e s s induced by contraction 
of the pavement. I t i s a d i f f i c u l t 
and unsatisfactory t e s t and may or 
may not represent service conditions. 
The degree of polish of the block 
surfaces i s extremely c r i t i c a l . The 
higher the degree of polish the bet
te r the adhesion appears to be. 
Fai l u r e may occur at the f i l l e r -
block i n t e r f a c e or vdthin the f i l l e r 
i t s e l f . This t e s t deserves further 
study as to i t s significance and 
idiosyncrasies and the t e s t proced
ure wazrants c l a r i f i c a t i o n . 

CONCLUSIONS 

The r e s u l t s obtained to date i n 
the above program of sealing Joints 
and cracks with hot-poured rubber-
asphalt Joint f i l l e r appears to Jus
t i f y the follovdng conclusions: 
( 1 ) j o i n t s and cracks can be effec
t i v e l y sealed with hot-poured rubber-
asphaJ-t under proper placement con
ditions; ( 2 ) mechanical agitation 

and positive ten^erature control must be provided on the melting and ap
pl i c a t o r units; ( 3 ) a l l dust and loose concrete must be thoroughly removed 
prior to the placement of the f i l l e r material; (4) overheating of the f i l l 
er material must not be permitted; ( 5 ) t h i s type of work lends i t s e l f to 
being done uxxler contract; and ( 6 ) a sa t i s f a c t o r y method of payment for 
the major items i s on the basis of unit price of f i l l e r material i n place, 
including cutting, cleaning, material, and placement. 
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Figure 27. Relationship between 
cone and needle penetration. 
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