


Improvement of Longitudinal Joints 
in 

Asphalt Pavement 

Final Report 

Iowa Highway Research Board 
Project HR-215 

Richard D. Smith 
Research Technician 
Office of Materials 

515-239-1392 

January 1987 

Disclaimer 

The contents of this report reflect 
the views of the author and do not 
necessarily reflect the official views 
or policy of the Iowa Department of 
Transportation. This report does not 
constitute a standard, specification 
or regulation. 



Table of Contents 

Page 

................................................... Introduction 1 

....................................................... ~ocation 1 

Construction ............................................... 1 

Evaluation .................................................. 4 

.................................................... Conclusions 7 

Acknowledgement ................................................ 9 

Appendix A ........................................... 10 



PAGE I 

Improvement of Longitudinal Joints 

in Asphalt Pavement 

Introduction 

One significant benefit of asphalt concrete pavement construction 

is that it may be opened to traffic within one hour after being 

placed. Therefore, road closure and detour are not normally neces- 

sary, but only temporary lane closure and control of traffic. 

This one lane construction, even though desirable in reqard to 

maintaining traffic flow, does pose an additional problem. The longi- 

tudinal joint at centerline often becomes a maintenance prohlem. 

The objective of this research project is to identify construction 

procedures that will provide an improved centerline joint. 

Location 

The research was incorporated by extra work order into project 

FR-44-4(26)--2G-39. Thjs was a widening and asphaltic concrete resur- 

facing project on Iowa 44 in Guthrie and Dallas Counties, Figure 1. 

The research sections total approximately 8.7 miles between stations 

156+14 in Guthrie County and 451+00 in Dallas County. 

Construction 

The experimental sections were constructed between July 23 and Au- 

gust 12, 1980. 

The paver was a Rlaw-Knox PF-500, the breakdown roller was a 

Ray-Go Vibratory, the pneumatic tired roller was a Michigan 



Model RW 181 with a tire pressure of 120 psi, and the finish rol-ler 

was a Huber Model T-1014H. 

There were eight construction procedures used with two sections (A 

and B) 'for each procedure. 

Section lA, stations 156+14 to 183+14 and section lR, stations 

206+40 to 232+40 were placed with a one inch overlap at the centerline 

joint as presently described in the construction manual. 

Section 2A, stations 183114 to 7+95 and section ZB, stations 

232+40 to 258+40 required a double tack coat on the vertical face 0.f 

the previously placed pass. The first shot of tack was at the end of 

the day the first pass was placed and the second shot was the morning 

that the joint was closed. 

Section 3A, stations 7+95 to 32+95 and section 3B, stations 258+40 

to 284+40 were placed without a horizontal offset between layers; the 

centerline joint for the two layers being vertical. 

Section 4A, stations 76+40 to 102+40 and section 4B, stations 

317+00 to 344+00 were pl-aced with the 1:l edge slope shoe removed from 

the paver. This was done only on the surface course. 

Section 5A, stations 102+40 to 128+40 and sectjon 5B, stations 

344+00 to 372+00 were placed and compacted using a revised rolling 

procedure.. The revised procedure used on the second lane placed was 

to roll within four inches of the longitudinal joint on the breakdown 

pass and to overlap on the second pass rather than overlapping on the 

first pass as is currently specified. 

Section 6A, stations 128+40 to 154+40 and section 6B, stations 

372+00 to 398+00 called for trimming 1 1/2 inches from the centerline 

edge of the first lane placed just before the edge was tacked for the 
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second pass. The method of trimming was not specified but it was as- 

sumed it would be by sawing or using a rol-ling Colter. Neither method 

was used. An attempt was made to do the trimming with a mot.or patrol 

blade but a straight edge could not be obtained. The edge of the 

bucket on a skid-type loader was sharpened and used to trim the edge. 

Immediately following the trimming, the mat was rolled to assure bond 

with the underlying layer. The edge was tack coated the same day and 

again prior. to closing the longitudinal joint. 

Section 7A, stations 154+40 to 180+40 and section 7 R ,  stations 

398+00 to 424+00 again had the centerline edge trimmed as in sections 

6A and 6B but with the revised rolling pattern used in sections 5A and 

5B, that is lapping over the longitudinal joint on the second roller 

pass instead of the first. 

Section 8A, stations 180t40 to 206+40 and 8 B ,  stations 424+00 to 

451+00 had the longitudinal joint sealed by the pneumatic tired roller 

on the final pass. 

The project was paved from east to west and the joint was normally 

closed from the south side. 

Evaluation 

Cores were drilled from each section August 15, 1980, about three 

inches left and right of the longitudinal joint and from the quarter- 

point of each lane. The densities of each core and the average for 

each location per longitudinal joint procedure are included in 

Table 1. 
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TABLE I 

HR-215 

IMPROVEMENT OF LONGITUDINAL JOINTS I N  ASPHALT PAVEMENT 

S e c t i o n  S t a .  
NO. % p t .  

R t .  

Densi ty  8-15-80 
CL CL 36 p t .  

Procedure 

R t .  L t .  L t .  

P r e s e n t  
c o n s t r u c t i o n  
procedure - 1" over1 ap 

Tack c o a t  
v e r t i c a l  f a c e  
between pas ses  

Delete 
t r a n s v e r s e  
o f f  sets 

Dele te  1:l 
s l o p e  shoe 
on edge 

R o l l  w i t h i n  4" o f  CL 
on breakdown, o v e r l a p  
CL on 2nd p a s s  

T r i m  1st p a s s  51%" 
b e f o r e  2nd p a s s  t a c k .  
Standard r o l l  p a t t e r n  
Su r face  course  on ly .  

Same t r i m  as 6 ,  r o l l i n g  
procedure a s  5. 

U s e  pneumatic r o l l e r  
on j o i n t  on f i n a l  pas s .  



The core densities show that densities at centerline are less than 

those at the quarter points. This difference in density could be 

eliminated by using a full width paver which would require closincj the 

road. 

Visual inspections were made the first three years after con- 

struction. At four, five, and six years, measurement of centerline 

cracking was done with the roadmeter car using the distance counters. 

One counter was used for cracked areas and the other counter for areas 

not cracked. The total of the two counters was the denominator when 

determining the percentage of centerline cracking for each section. 

The totals for corresponding sections were added to determine percent- 

ages for each procedure. 

The only procedure to rank the same when comparing cracking and 

density is No. 4 (delete the 1:l slope shoe on the edge). This proce- 

dure had the highest averaqe density and also had the least cracking 

through 1985. The other sections did not correlate well when compar- 

ing density to cracking. 

All but procedures 1, 2, and 3 had cracked 100% of their length by 

November 1986, and they were cracked 96.1%, 92.7%, and 92.5% respec- 

tively. Each of those procedures had one section that was 100% 

cracked. The percentage of cracking by section and year is listed in 

Table I3 along with the densities near the centerline that were deter- 

mined after construction in 1980. After 1984, all procedures exhib- 

ited a very steep slope in the rate of cracking (Figure 2). 



TABLE I1 
TABULATION OF CRACKING AND CENTERLINE DENSITY 

% Cracked CL Density 
Section 1 9 8 4  1 9 8 5  1 9 8 6  Rt 1,t- 

Conclusions 

None of the procedures used on this project succeeded in prevent- 

ing a longitudinal crack along centerline 

The method providing the best performance for four years after 

construction was removal of the 1:l slope shoe from the paver when 

placing the surface course. This method had 9.0% cracked after four 

years and 100% cracked after six years of service. 
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The areas placed with a one inch overlap as presently described in 

the construction manual had 27.3% of the joint cracked after four 

years and 96.1% cracked after six years of service. 

Between four and six years of service the rate of cracking for all 

methods used on this project was about the same. Overall, there was 

no one method that out performed the others in this project. 
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8.43 GUIDELINE STRINGS AN0 E D G E  ALIGNMENT 

True edge al ignment c o n t r o l s  t h e  c o r r e c t  l a p  a t  t h e  l o n g i t ~ i d i n a l  j o i n t .  I f  
t h e r e  i s  no l a p ,  t h e  j o i n t  w i l l  l ack  d e n s i t y  and r a v e l i n g  w i l l  occur .  An 
e x c e s s i v e  l a p  produces an o b j e c t i o n a b l e  wide scab of mix tu re  on t h e  s u r f a c e  
nex t  t o  t h e  j o i n t ,  t h a t  has t o  be removed wi th  hand t o o l s  t o  o b t a i n  an 
a c c e p t a b l e  appearance .  

A n  in tended l a p  of one inch-wi th  a v a r i a n c e  of one -ha l f  inch each way has been' 
observed t o  produce c o r r e c t  l o n g i t u d i n a l  j o i n t  c o n s t r u c t i o n  wi th  minimum 
e f f o r t .  I f  t h e s e  c l o s e  v a r i a n c e s  a r e  t o  be m a i n t a i n e d ,  the a d j a c e n t  l a n e  has 

* to,be c o n s t r u c t e d  wi th  t r u e  edge a l ignment .  

One of t h e  i n s p e c t o r ' s  d u t i e s  in  o b t a i n i n g  t r u e  edge a l ignment  i s  t o  make 
f r e q u e n t  measurements t o  i n s u r e  t h a t  t h e  g u i d e l i n e  s t r i n g  has been c o r r e c t l y  
s e t  and main ta ined .  The n a i l s  used t o  s e c u r e  t h e  g u i d e l i n e  s t r i n g  s h a l l  be a t  
i n t e r v a l s  c l o s e  enough t o  e l i m i n a t e  chords  on cu rves  and o t h e r  i r r e g u l a r i t i e s  

. caused by wind,  e t c .  

Gu ide l ine  s t r i n g s  p laced  on a l l  two-lane pavements excep t  o ld  concre te  should 
be l o c a t e d  by measuring from redhead n a i l s  which have been placed on t h e  
c e n t e r l i n e  by ins t rument  p a r t i e s .  The spreadinq o f  the lower l a y e r  w i l l  cover  
t h e  redheads .  For succeeding l a y e r s ,  t h e  g u i d e l i n e  s t r i n g  should  t h e r e f o r e  be 
l o c a t e d  by measuring from t h e  exposed n a i l s  t h a t  were used t o  hold t h ~  s t r i n g  
f o r  t h e  lower l a y e r s .  

When r e s u r f a c i n g  o l d  c o n c r e t e  pavenients t h a t  a r e  only  two l a n e s  i n  w i d t h ,  t h e  
con t rac to r s .have  been p e r m i t t e d  t o  l o c a t e  t h e  g u i d e l i n e  s t r i n g s  on t h e  
s h o u l d e r s  a long t h e  o u t e r  edges .  This  i s  done by measuring o u t  from one of 
tile paveinent edges a t  i n t e r v a l s  o-F approximate ly  500 f e e t ,  then t i g h t e n i n q  t h e  
s t r i n g  and us ing  i n t e r m e d i a t e  n a i l s  t o  s e c u r e  t h e  s t r i n g .  To i n s u r e  t h a t  
p a r a l l e l  a l ignment  i s  used f o r  t h e  a d j a c e n t  l a n e ,  the g u i d e l i n e  s t r i n g  f o r  
t h a t  l a n e  s h a l l  be l o c a t e d  by measuring a c r o s s  t h e  pavement from t h e  n a i l s  
used t o  s e c u r e  t h e  f i r s t  l i n e .  To p repa re  a  smooth l o c a t i o n  on t h e  shou lde r  
f o r  the  g u i d e l i n e  s t r i n g ,  t h e  s p e c i f i c a t i o n s  r e q u i r e  t h a t  t h e  g r a s s  s h a l l  be 
c l o s e l y  mowed f o r  a width o f  approximate ly  1.8 i n c h e s .  

On curves  f o r  a l l  s u r f a c e s ,  a  s u f f i c i e n t  number of  n a i l s  s h a l l  be used t o  
permit  t h e  f i n i s h i n g  machine t o  fo l low t h e  l i n e  e x a c t l y  wi thou t  producing 
o b j e c t i o n a b l e  chords  on t h e  curved edge a l ignment .  

The f i n i s h i n g  machine opera t o r  s h a l l  f o l  low t h e  guitlel i n e  s t r i n q  e x a c t l y .  I f  
t h e  machine goes o f f  t:lie l i n e  f o r  any reason ,  it. s h a l l  h(1 d s  I o r ~ t n  
tlie 1 irte imiiiediately. I t  ir; i n c o r r e c t  t,o sinnot:h oiil  t he  edge‘ a1 igniiic?nt ljy 
c o ~ n i r ~ g  back on to  t h e  l i n e  gradual ' ly .  Titis r e s u l t s  i n  long s t r e t c h e s  where 
i n c o r r e c t  l a p  a t  t h e  l o n g i t u d i n a l  j o i n t  w i l l  o c c u r .  Also when batch  t r u c k s  
bump t h e  f i n i s h i n g  machines o f f  t h e  l i n e  on c u r v e s ,  t h e  movement i s  usual1.y 
down t h e  s l o p e  of t h e  cu rve .  I f  t h e  machine i s  brought back on t h e  l i n e  
g r a d u a l l y ,  an o b j e c t i o n a b l e ,  long ,  s t r a i g h t  chord w i l l  r e s u l t  i n  what i s  
supposed t o  be t h e  curved edge a l ignment .  
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When au tomat i c  ~ c r e e d  c o n t r o l s  a r e  used ,  t h e  s h o r t  j o i n t  matching s h o ~  s h a l l  
not  be pe rmi t t ed  excep t  when p l a c i n g  a  s i n g l e  l i f t  o n l y ,  wi th  a  t h i c k n e s s  of 
l i  inches  o r  l e s s ,  o r  f o r  placement. i n  c o n j u n c t i o n  w i t h  lhcater s c a r i f i c a t i o n  
work; When t h e  lower l a y e r s  a r e  c o n s t r u c t e d ,  t h e  s p e c i f i e d  30 f o o t  s k i  dev ice  
s h a l l  be used f o r  j o i n t  matching on each l a y e r .  

The s h o r t  j o i n t  matching shoes produce j o i n t s  wi th  smoother appearances  than 
the  30 f o o t  s k i  d e v i c e s .  Hewever, they do n o t  c o n t r i b u t e  toward c o n s t r u c t i o n  
of a  smoother r i d i n g  s u r f a c e .  The 30 f o o t  s k i  d e v i c e  d o e s .  

.. Sinqoth l o n g i t u d i n a l  J o i n t s  a r e  very impor tan t  For sul-face layei-s and t h e  s h o r t  
j o i n t  matching shoes may be used when s u r f a c e  l a y e r s  a r e  sp read .  

Careful  adherence  t o  t h e  i n s p e c t i o n  procedures  d e s c r i b e d  i n  S e c t i o n  8 . 4 3  w i l l  
i n s u r e  t r u e  edge a l ignment  which i s  e s s e n t i a l  f o r  t h e  c o r r e c t  c o n s t r u c t i o n  of  
l o n g i t u d i n a l  j o i n t s .  

8.k P R I M E  A N D  TACK COATS USING EMULSIONS 

A .  s e n e r a 1  
Tack c o a t s  us ing  emuls ions  a r e  r e q u i r e d  p r i o r  t o  October 1 .  O i l u t i o n  of  
emulsion i s  r e q u i r e d  i i  non-uniform tack  appl i c a t i o r i s  a r e  exper i enced .  SS- I ,  
SS-IH, CSS-1, and CSS-1H.grades a r e  s p e c i f i e d .  

8 .  For D i l u t i o n  
m u t e  a t  1 : l  r a t i o ,  i . e . ,  1  g a l l o n  ernulsion t o  1  g a l l o n  water 

i. - 
C .  A p p l i c a t i o n  Rate 

Double tile u s u a r  s ~ e c i f . i c a t i o n  r a t e s  o f  a r > o l i c a t i o n  norrnallv used f o r  RC-70 o r  
MC-70. Ex .  , 0.03 t o  0 . 0 5  Gal . /S.Y. i n c r e a s e d  t o  0 .06  t o  0 .10  Gal . /S .Y.  d i l u t e  
emuls ion.  

D .  Sample f o r  Compliance 
Sample t h e  emulsion a t  t h e  sp ray  ba r  of t h e  d i s t r i b u t o r  wi th  t h e  ba r  va lve  i n  
a c i r c u l a t i n g  p o s i t i o n .  

E .  Measurement f o r  Pa 
--net g a n o n s  ofYundi l u t e d  emu1 s i o n .  

Note: Undi lu ted  emulsion iiiust c o n t a i n  a  rriinimuin of 57% a s p h a l t  r e s i d u e .  
Di lu ted  emulsion n u s t  t h e r e f o r e  c o n t a i n  a mininiuin of 28.5% r e s i d u e .  

F .  S e t t l e m e n t  of  D i l u t e d  Eniiilsions 
Assurance sample r e p o r t s  r ece ived  on a number of  pro , iec ts  i n d i c a t e  ttigt d i l u t e  
einulr,ions a r e  n o t  ine'eting t h e  mir~iniuin r e s i d u e  requ i rement s .  A review of t h i s  
PI-obiern wi th  ~ r o d u c e r s  i n  tile s t a t e  i n d i c a t e s  t h a t  t h e  d i l u t i o n  r a t e  i s  beinri 

~~ ~ ~~- - - 

c a r e f u l l y  c o n t r o l l e d  and t h a t  t h e  r e s i d u e  of  t h e  o r i g i n a l  emulsion i s  higher. '  
than t h e  minimuin r e o u i r e d .  




