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The con ten ts  o f  t h i s  r e p o r t  r e f l e c t  t h e  views o f  t h e  au thors  
who a r e  r e s p o n s i b l e  f o r  t h e  f a c t s  and accuracy o f  t h e  data p re -  
sented here in .  The con ten ts  do n o t  n e c e s s a r i l y  r e f l e c t  t h e  views 
o r  p o l i c i e s  o f  t h e  Federa l  Highway Admin i s t r a t i on .  Th i s  r e p o r t  
does n o t  c o n s t i t u t e  a  standard, s p e c i f i c a t i o n  o r  r e g u l a t i o n .  

There was no i n v e n t i o n  o r  d i scove ry  conceived o r  f i r s t  
a c t u a l l y  reduced t o  p r a c t i c e  i n  t h e  course o f  o r  under t h i s  con- 
t r a c t ,  i n c l u d i n g  any a r t ,  method, process, machine, manufacture, 
des ign o r  composi t ion o f  ma t te r ,  o r  any new and u s e f u l  improve- 
ment t he reo f ,  o r  any v a r i e t y  o f  p l a n t  which i s  o r  may be pa ten t -  
a b l e  under t h e  p a t e n t  laws o f  t he  Un i t ed  S ta tes  o f  America o r  any 
f o r e i g n  coun t ry .  
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S UMMA RY 

The "energy c r i s i s "  brought about changes i n  a l l  ways of l i f e .  High- 
way departments were not excluded from the necessity of change, also. New 
1 ooks a t  over1 aying or  surface t reat ing pavements were required. Most 
existing procedures which d i d  not require overlays involved the use of a 
heater-planer type machine on f lexi  bl e pavements. The heater-planer was 
util ized to shave off a t h i n  portion of the existing surface to expose new 
aggregate faces to the t i r e ,  thereby increasing skid  resistance. 

The energy c r i s i s  emphasized the need t o  investigate new procedures to 
improve surface character is t ics  without additional overlays. 

Advancements i n  techno1 ogy indicated tha t  heater-pl aner type equipment 
could be used to recycle roadway surfaces without transporting the material 
to  a crusher and hot mix plant. 

Both open-flame and radiant heat surface recycling machines were used 
to construct experimental sections for  th i s  project. 

Both open-flame and radiant heat equipment can recycle asphaltic con- 
crete  surfaces i n  place, b u t  a longer lasting surface i s  produced if a 
small amount of new asphaltic concrete i s  added to the recycled p6rtion 
prior to  replacement on the roadway. 



IMPLEMENTATION STATEMENT 

Informat ion conta ined i n  t h i s  r e p o r t  supports the conclus ion t h a t  "aspha l t i c  
pavements can be recyc led  i n  p lace"  by heater-planer type equipment if the  
f o l  lowing suggestions a r e  incorporated i n t o  f u t u r e  jobs : 

1 .  A small amount o f  new hot-mix aspha l t i c  concrete should be 
mixed w i t h  the  recyc led  ma te r ia l  s. Observation and i n v e s t i  - 
g a t i o n  of subsequent, non-pro ject  r e l a t e d  jobs have i nd i ca ted  
t h a t  t he  a d d i t i o n  o f  as l i t t l e  as 28 pounds of new mate r ia l  
per square yard  o f  sur face area may s i g n i f i c a n t l y  improve the  
r e s u l t i n g  mix. 

2. Conscient ious i nspec t i on  should be employed t o  i nsu re  constant  
depth o f  s c a r i f i c a t i o n .  

3. S p e c i f i c a t i o n s  should be employed f o r  c o n t r o l l i n g  the  r a t e  
o f  aspha l t  d i s t r i b u t i o n  app l i ed  t o  the recyc led  mix.  

4. Screed temperature should be spec i f i ed  and checked p e r i o d i c a l l y .  

5. ~ a i n t e n a n c e  of s u f f i c i e n t  s k i d  res i s tance  should be requ i red .  

6. S p e c i f i c a t i o n s  which r e g u l a t e  the  minimum a i r  temperature 
a1 1 owabl e f o r  surface recyc l  i n g  shoul d be developed. 



INTRODUCTION 

The energy c r i s i s  brought about changes i n  most 1 i f e  s ty1  es. These 
changes were caused by f i n a n c i a l  necessity,  unava i l  a b i l  i ty o f  goods and 
serv ices and many o the r  f a c t o r s .  The highway departments throughout t he  
n a t i o n  were n o t  excluded from t h e  necess i ty  f o r  changes a1 so. 

I n f l a t i o n  and reduced revenue from l e s s  d r i v i n g  c rea ted a severe 
monetary c r i s i s  i n  highway agencies everywhere. Second looks  a t  o l d  proce- 
dures o f  ove r lay ing  o r  sur face t r e a t i n g  t o  c o r r e c t  pavement surface charac- 
t e r i s t i c s  o r  merely  s k i d  res i s tance  were requi red.  I n  some cases, these 
were o n l y  considered. Other cases brought about the t r y i n g  o f  new and i n -  
novat ive  methods and procedures t o  c o r r e c t  these sur face c h a r a c t e r i s t i c s  
w i thou t  an over lay  o r  sur face treatment, e s p e c i a l l y  when t h e  e x i s t i n g  
sur face was s t r u c t u r a l l y  sa It i s  a known f a c t  t h a t  numerous procedures 
f o r  improving pavement sur f  a r a c t e r i s t i c s  have been t r i e d  by var ious  
i n d i v i d u a l s  and organizat ior ls.  ~ I O S ~  of t h i s  work was done f o r  a p a r t i c u l a r  
roadway s i t u a t i o n  and very  1 ittl e has been repor ted  regardless o f  t he  success 
o r  f a i l u r e  o f  t h e  methods o r  procedures. The l i t e r a t u r e  search conducted 
under t h i s  p r o j e c t  revealed t h a t  most o f  t he  repor ted  attempts t o  improve 
pavement sur face c h a r a c t e r i s t i c s  have i n  one way o r  another invo lved a form 
o f  grooving on r i g i d  pavements and the  a p p l i c a t i o n  o f  a heater-planer type 
machine on f l e x i b l e  pavements. 

Experience has shown t h a t  l o n g i t u d i n a l  pavement grooving does not ,  i n  
most cases, improve the  stopping c o e f f i c i e n t  of f r i c t i o n  (SN as measured 
by a s k i d  t r a i l e r  meeting ASTM E-274 s p e c i f i c a t i o n s .  The sk?fl)number, o r  
SN , has a c t u a l l y  been decreased i n  some instances. I n  almost a l l  cases, 
thgOwet pavement acc ident  h i s t o r y  o f  the  roadway has been d r a s t i c a l l y  changed. 
The number o f  wet weather acc idents has decreased due t o  the  grooves a l l ow ing  
passages f o r  water t o  escape, thereby r e q u i r i n g  greater  r a i n f a l l  t o  achieve 
a p lus  water depth, i .e., a  water depth over the top  of t he  tex tu re .  

The o r i g i n a l  use o f  hea t e r - p l  aner type equipment invo lved open-f 1 ame 
burners t o  heat the  pavement, metal  t e e t h  t o  s c a r i f y  t h e  heated pavement, and 
a blade t o  remove the  s c a r i f i e d  m a t e r i a l  f rom t h e  roadway. Equipment was 
used t o  remove bumps o r  h i g h  spots i n  an a s p h a l t i c  concrete roadway surface. 
This  equipment was used ex tens i ve l y  f o r  t h i s  purpose i n  t he  beginning. The 
advent o f  s k i d  res i s tance  as a concern i n  design and maintenance of highways 
brought about a new use f o r  t h e  open-flame heater-p laner :  t he  improvement 
of s k i d  res i s tance  on e x i s t i n g  a s p h a l t i c  concrete roadways. Th i s  equipment 
improves the  s k i d  res is tance,  SN , t o  a b e t t e r  and more acceptable l e v e l  i n  
most cases and e l im ina tes  t h e  n e 8  f o r  an ove r lay  o r  seal coa t  f o r  small 
and/or i s o l a t e d  s i t ua t i ons .  

The energy c r i s i s  and advancements i n  technology gave r i s e  t o  t h i s  type 
of equipment being used t o  r e c y c l e  the  top  p o r t i o n  of an e x i s t i n g  a s p h a l t i c  
concrete pavement surface. This  r e c y c l i n g  i s  accomplished w i thou t  removing 
and t ranspor t i ng  the  roadway sur face t o  a crusher  and h o t  mix p lan t ,  there-  
by saving the  c o s t  o f  removing, rebatch ing  and hau l ing  t h e  ma te r ia l s .  



DESCRIPTION OF PREVIOUS WORK I N  TEXAS 

Only a  l i m i t e d  amount o f  work has been done i n  Texas on r e s t o r a t i o n  
o f  sur face c h a r a c t e r i s t i c s  f o r  Port land cement concrete pavement. Longi- 
t ud ina l  grooving has been used i n  t h i s  S ta te  on ly  i n  spot l o c a t i o n s  o f  
h igh  wet  weather accident  frequency. I n  most cases, the  stopping coef f i -  
c i e n t  o f  f r i c t i o n  has n o t  been increased b u t  wet weather accidents have 
decreased i n  number each t ime l o n g i t u d i n a l  grooving has been employed i n  
these spot  locat ions .  However, the  cos t  o f  t h i s  procedure versus a  s k i d  
r e s i s t a n t  ove r lay  has made i t  almost p r o h i b i t i v e .  Add i t iona l  problems 
such as pavement s t r u c t u r a l  f a i l u r e s  have made the use o f  over lays manda- 
t o r y  i n  several cases. 

One major l o n g i t u d i n a l  grooving con t rac t  f o r  aspha l t i c  concrete has 
been performed i n  Texas. This invo lved grooving a l l  lanes f o r  a  d is tance 
o f  approximately f i v e  m i les  on an I n t e r s t a t e  1  oop which c i r c l e s  one of 
t h i s  S t a t e ' s  major c i t i e s .  This roadway c a r r i e d  t r a f f i c  i n  the  range o f  
60,000 t o  65,000 veh lc les  per  day i n  the  grooved loca t ion .  Wet Weather 
accidents were high, and the  dec is ion  was made t o  use l o n g i t u d i n a l  grooving 
f o r  the  e n t i r e  l eng th  o f  t he  p ro jec t .  Approximately four years and many 
v e h i c l e  app l i ca t i ons  necessi tated the  placement o f  a  new surface. A t  t he  
t ime o f  the  new sk id  r e s i s t a n t  overlay, a  small number of the grooves were 
s t i l l  present  and open t o  a l l o w  water, drainage. 

One Texas Highway D i s t r i c t  has r e c e n t l y  experienced a  cond i t i on  n o t  
unique i n  t h a t  reg ion of the  country, b u t  a  normal occurrence a l l  over 
the Uni ted States. Th is  i s  the  cond i t i on  o f  f lushed aspha l t i c  pavement. 
These pavements had f lushed t o  such an ex tent  t h a t  a  very small amount 
o f  r a i n f a l l  caused a  l a r g e  increase i n  the  number of sk idding inc idents .  
I n  an at tempt t o  c o r r e c t  t h i s  problem, the dec is ion  was made t o  add some 
add i t i ona l  aggregate, heat the  aggregate and the  sur face o f  the  roadway, 
and embed t h i s  aggregate i n t o  the  heated surface. An open-flame heater- 
p laner was used t o  supply the  heat (See Figure 1) .  

Figure 1 
Open-Fl ame Hea ter -P l  aner 



The s k i d  r e s i s t a n t  aggregate was appl i e d  t o  the  roadway a t  an average 
r a t e  o f  one cubic ya rd  t o  230 square yards o f  sur face area. Two e ight - ton  
f l a t  wheel r o l l e r s  fo l lowed by two pneumatic r o l l e r s  suppl ied the necessary 

I 

compaction. 

Based on 1975 prices, the  t o t a l  cos ts  f o r  t h i s  p r o j e c t  i n c l u d i n g  equip- 
# ment, ma te r ia l s  and labor  was 37 cents per square yard. This cos t  i s  com- 

parable w i t h  a penet ra t ion  sur face treatment bu t  proved t o  be e f f e c t i v e  fo r  
a shor ter  per iod  o f  t ime than would normal ly  be expected o f  a penet ra t ion  
surface treatment. 

I n  l a t e  summer o f  1975, a South Texas Highway Department D i s t r i c t  was 
faced w i t h  a p o t e n t i a l l y  dangerous and embarrassing s i t u a t i o n .  Port ions of 
a recen t l y  compl eted synthet ic  1 igh tweight  asphal t i c  concrete pavement 
were f lush ing and y i e l d i n g  less  than des i rab le  sk id  numbers. This cond i t i on  
ex is ted i n  lanes i n  one d i r e c t i o n  o f  an I n t e r s t a t e  Highway which c a r r i e d  
an average o f  20,000 veh ic les  per day w i t h  a l a r g e  amount o f  t rucks.  

Two d i f f e r e n t  procedures, both using an open-flame heater-planer, were 
used. The f i r s t  method was a modified s p r i n k l e  treatment and t h e  second 
was an attempt t o  remove the glazed sur face by shaving o f f  approximately 
1/8" o f  the  surface. 

The modi f ied  s p r i n k l e  treatment was performed by p lac ing  a non-precoated 
sk id  r e s i s t a n t  aggregate w i t h  a conventional c h i p  spreader onto the surface 
of the pavement, heat ing the aggregate and the sur face w i t h  a heater-planer, 
and r o l l i n g  w i t h  an e i g h t  ton, three-wheeled r o l l e r .  Short sect ions of 
s p r i n k l e  treatment and shaved areas were placed and evaluated. Test ing re -  
vealed t h a t  the  s p r i n k l e  treatment had s k i d  numbers i n  t h e  50's and. the 
shaved sect ions had sk id  numbers i n  the  40's; however, the  shaved sect ions 
soon l o s t  t h e i r  good f r i c t i o n  q u a l i t i e s  wh i le  t h e  s p r i n k l e  treatment sect ions 
continued t o  be s a t i s f a c t o r y .  

Based on these resu l t s ,  t he  dec is ion was made t o  s p r i n k l e  t r e a t  the  en- 
t i r e  f lushed sect ion.  This work was performed i n  the  summer of 1976 and 
subsequent s k i d  t e s t s  a t  mph ind ica ted  b e t t e r  than acceptable skids. 
Cost of t h i s  p ro jec t ,  which was done e n t i r e l y  w i t h  S ta te  forces, was e s t i -  
mated t o  be approximately 30 cents per  square yard. 

A West Texas Highway Department D i s t r i c t  i n i t i a t e d  an experimental pro-  
j e c t  t o  determine t h e  f e a s i b i l i t y  o f  r e c y c l i n g  o l d  a s p h a l t i c  concrete pave- 
ment by breaking i t  down, pu lve r i z ing  i t  i n  place, adding add i t i ona l  aspha l t  
and rep lac ing i t  wi thout  t h e  use o f  heat ing equipment. This course was t o  
be used as an aspha l t  s t a b i l i z e d  base. 

The purpose o f  t h i s  experiment was t o  develop a procedure t o  u t i l i z e  
e x i s t i n g  aspha l t  pavement by crushing the sur face i n  place, and adding 
add i t i ona l  aspha l t  and a sof ten ing agent t o  the  crushed mixture.  This ex- 
perimental p r o j e c t  gave d e f i n i t e  proof  o f  the  f o l l  owing : 



1. Old ho t  mix can be crushed i n  place. 

2. Asphal t  so f ten ing agents a r e  a v a i l a b l e  t o  r e e s t a b l i s h  the  
necessary qua1 i t i e s  o f  t he  o l d  asphal t. 

3. Adequate equipment i s  a v a i l a b l e  t o  perform the  job. 

Skid res is tance proved t o  be o f  no concern i n  t h i s  experimental p ro jec t ,  
s ince the  recyc led sur face was t o  be overlayed w i t h  a  s k i d  r e s i s t a n t  r i d i n g  
surface. 

I n  another Texas Highway Department D i s t r i c t ,  sk id  res is tance was the  
pr imary concern o f  a  t e s t .  A h igh  pressure water spray was app l ied  t o  a  
P.C.C. pavement t e s t  sec t ion  i n  an e f f o r t  t o  improve the  s k i d  res is tance.  
The h igh  pressure spray was expected t o  remove d e t r i t u s ,  o i l  dr ippings,  and 
small amounts of mortar  from between the  coarse aggregate p a r t i c l e s .  Tests 
confirmed t h a t  the  s k i d  res is tance was improved s i g n i f i c a n t l y ,  b u t  these 
e f f e c t s  were short -1 ived. 

A  sealant  and preservat ive  c a l l e d  Gi lsabind was t r i e d  i n  another t e s t ,  
bu t  i t  reduced the  s k i d  res is tance by approximately 50%. Sand was app l ied  
t o  some sect ions  i n  an attempt t o  main ta in  the  s k i d  res is tance.  It d id ,  
bu t  the  sand (and apparent ly the  G i l  sabind) was worn o f f  by t r a f f i c  very 
qu ick l y .  

Ac id  leaching was r u l e d  o u t  as an experimental technique f o r  increas ing I 

the  sk id  res i s tance  on Port land cement concrete because of costs, d i f f i c u l t y  
i n  handling, and the l i k e 1  ihood o f  po? l t l f  ing. A  "wa f f l e "  r o l l e r  was consid- 
ered f o r  impar t ing  t e x t u r e  t o  aspha l t  1 1  concrete pavement, b u t  such equip- a 

ment was n o t  r e a d i l y  avai lable,  and the  l e v e l  o f  i n t e r e s t  among f i e l d  personnel 
was low. 

Many o the r  procedures and experiments have been t r i e d ,  b u t  due t o  l a c k  
o f  r e p o r t i n g  and a p p l i c a b i l i t y  t o  more than one s i t u a t i o n ,  o n l y  the  more 
documented experiments have been repor ted  as t r i a l  s  i n Texas. 



DESCRIPTION OF TESTS 

The energy shortage and i t s  associated h igh  costs o f  aspha l t i c  
m a t e r i a l s  occurred about the  same t ime highway designers began t o  
r e a l i z e  t h a t  po l  i s h  r e s i s t a n t  aggregate was becoming a scarce com- 
modi ty  i n  many p a r t s  o f  the  State.  Therefore, t he  search began t o  f i n d  
equipment t o  heat and recyc le  the sur face o f  an aspha l t i c  concrete pave- 
ment w i thou t  removing the  aspha l t i c  ma te r ia l  s  from the roadway sur face 
and a lso  any o ther  methods and/or procedures which can r e s t o r e  a pave- 
ment 's sur face c h a r a c t e r i s t i c s  w i thou t  an over lay.  

Nine t e s t  sect ions were establ ished i n  order  t o  evaluate the  effec- 
t iveness o f  var ious equipment and several d i f f e r e n t  cons t ruc t i on  procedures. 
A l l  t e s t  sect ions were evaluated f o r  sk id  res is tance,  and e i g h t  o f  them 
were evaluated f o r  r i d e  qual i t y .  The s k i d  res is tance measurements were 
taken w i t h  an automated s k i d  measurement system conforming t o  the  requ i re -  
ments of ASTM E-274. Ride q u a l i t y  was evaluated by use o f  a t r a i l e r -  
mounted Mays Ride Meter. Test sect ions #5 through #8 were monitored on a 
cont inua l  basis f o r  approximately one year. 

Sections #1 and #2 

Test  sec t ions  # I  and #2 were both located on U.S. 83 n o r t h  o f  A b i l  ene. 
They were evaluated by d i s t r i c t  personnel p r i o r  t o  construct ion,  and t h i s  
eva luat ion  revealed extreme aspha l t  f l u s h i n g  i n  t h e  wheel paths and s l i g h t  
f a t i g u e  cracking o f  the  aspha l t i c  concrete surface. L im i ted  wheel path 
r u t t i n g  was occurr- ing i n  approximately 30% o f  the  two t e s t  sect ions. 

Skld t e s t i n g  p r i o r  t o  cons t ruc t i on  revealed a low s k i d  t e s t  value o f  
14, a h igh  o f  28 and an average s k i d  value o f  22.  These s k i d  t e s t s  were 
performed a t  40 mph. No preconst ruc t ion  r i d e  qual i t y  t e s t s  were taken. 

The experiment consisted o f  embedding non-precoated l imestone aggregate 
i n t o  t h e  roadway surface. An open-flame heater-planer was used t o  heat the  
mat, and i n  both  sect ions two passes were requ i red  t o  s u f f i c i e n t l y  heat the  
surface. 

I n  the  f i r s t  t e s t  sect ion, t he  non-precoated 1 imestone aggregate was 
spread d i r e c t l y  behind the  heater (second pass) w i t h  a conventional' surface 
c h i p  spreader; r o l l i n g  was then beguri immediately. I n  the  second t e s t  
sect ion, however, the  non-precoated l imestone was placed on the  roadway 
p r i o r  t o  the  two passes o f  t he  heater-planer. 

Approximately th ree  months a f t e r  complet ion o f  the  w r k ,  p r o j e c t  per- 
sonnel evaluated t h e  performance o f  t h e  t e s t  sect ions.  Th is  eva luat ion  
consisted o f  photographs, sk id  res is tance t e s t i n g  and r i d e  qual i t y  t e s t i n g .  

As shown i n  f i g u r e  2, aggregate r e t e n t i o n  i n  t h e  wheel paths was l i m i t e d  
t o  o n l y  a few i s o l a t e d  locat ions .  



Figure 2 
Example o f  Aggregate Loss i n  Wheel Paths 

This lack  o f  aggregate re ten t ion  recreated the condi t ion o f  bleeding 
o r  f lushed wheel paths t h a t  existed p r i o r  t o  experimental construct ion. 
The surface areas i n  which the aggregate re ten t ion  was good showed a con- 
s iderable increase i n  surface tex ture  as ind icated by Figures 3 and 4. 

Figure 3 
Comparison of Wheel Path Texture 
w i th  t h a t  o f  Remaining Roadway 



Figure 4 
Close-up of Roadway Texture Between Wheel Paths 

Standard 40 mph skid resistance tes ts  revealed a sl i g h t  increase in 
the average skid number, when compared to pre-construction skid numbers. 
The before average skid number of 22 was raised to an after  average skid 
number of 26. The flushed wheel paths again had a low skid number of 14, 
b u t  due to aggregate retention in some areas, the high skid number was 
raised to 36. 

Mays Ride Meter measurements taken on .05 mile increments averaged 
2.6. This 2.6 i s  a reasonable value for asphaltic concrete surfaces 
approximately 5 years of age. As no before ride tests were taken, no 
exact determination of ride effect can be made. However, i t  i s  assumed 
that since no surface reshaping was done, the ride quality was not signif- 
icantly affected. 

Sections #3 and #4 

Test sections #3 and #4 were located west of Houston on S.H. 6, and 
they (1 i ke sections #1 and #2) were also evaluated by d i s t r i c t  personnel 
prior to the experimental work. The evaluation showed the existing hot 
mix asphaltic concrete to be extremely rich in asphalt in most areas. 
Areas w i t h  less asphalt exhibited almost total surface cracking. 



As was the  case w i t h  sect ions #1 and #2, no before r i d e  qua1 i t y  values 
were measured. Pre-construct ion s k i d  t e s t i n g  showed a range i n  values of 
26 t o  38 w f  t h  an average o f  30. 

Th is  roadway had an average d a i l y  t r a f f i c  approaching 5,000 veh ic les  
per  day w i t h  a l a r g e  percentage being heav i l y  loaded trucks. 

Figure 5 
Tra f f i c on Recycl ed Roadway 

The experiment was an attempt a t  in -p lace hot  r e c y c l i n g  o f  aspha l t i c  
concrete pavement us ing an open flame heater-planer. The aspha l t - r i ch  
roadway was heated, s c a r i f i e d  t o  approximately 5/8" depth, and r e l a i d  w i t h -  
o u t  removal o f  the  mater ia l  f rom the roadway. Relaying was accompl ished 
by use o f  a v i b r a t o r y  screed attached t o  the heater-planer. 

Construct ion o f  sec t ion  #4 involved one add i t i ona l  step: an aspha l t  
re juvenat ing  agent was sprayed on the  road surface behind t h e  heater- 
planer. 

An eva luat ion  o f  these t e s t  sect ions was performed by p r o j e c t  personnel 
approximately 5 months a f t e r  construct ion.  This eva luat ion  consisted o f  t he  
same procedures discussed above f o r  sect ions #1 and #2. 

Due t o  the  obvious v i sua l  d i f fe rences between sec t ion  #3 and sec t i on  #4, 
each was evaluated independently. Sect ion #4 (shown i n  the  background o f  
F igure 6) appeared t o  be much r i c h e r  i n  asphal t than sec t i on  #3. One reason 
f o r  t h i s  di f ference was t h e  aspha l t  re juvenat ing  agent t h a t  was added t o  
sec t ion  #4. 

8 



Figure 6 
Comparison o f  Visual Differences 

Between Sect ions 3 and 4 

b 

Extreme surface cracking appeared throughout t he  e n t i r e  l eng th  of 
sec t i on  #3. Also, the shal low depth o f  s c a r i f i c a t i o n  l e f t  t e e t h  marks 
throughout most o f  t he  sect ion. . 



Figure 7 
Surface Cracking 

Figure 8 
Scarif ier  Teeth Marks in Pavement 

Ride Meter t e s t s  showed tha t  ride qua1 i ty deteriorated below acceptable 
levels to  an average of 2.1. S k i d  t e s t s  a t  40 mph revealed a small increase 
in the average skid number. I t  was f e l t  tha t  th i s  increase was due largely 
to the rearranging and exposure to t r a f f i c  of less  polished limestone aggre- C 

gate faces. The average skid number increased from a 30 t o  a 36. 



Section #4 was considerably more s tructural ly sound than section #3 
and exhibited only random surface cracking, smooth texture, and 1 i m i  ted 
edge shelling. 

r 

Figure 9 
View of n e ~ ~ ~ ~ e d  Pavement Surface After 

Approximately Five Months in Place 

Figure 10 
Edge of Recycled Pavement 



Sections #5 through #8 

Test  sect ions #5 through #8 were placed west o f  Navasota on S.H. 105; 
and these were the  experimental sect ions which created the  most i n t e r e s t .  
I n  these sect ions, " in-p lace" o r  hot  sur face r e c y c l i n g  was performed on a 
s i x  year  o l d  1 imestone hot  mix aspha l t i c  concrete pavement. 

The pavement was heated w i t h  r a d i a n t  heat instead of an open flame. 
It was then s c a r i f i e d ,  mixed by mix ing augers, emu1 s ion  added, and the  
recycled ma te r ia l  r e l a i d  w i t h  a laydown machine v i b r a t o r y  screed. Compaction 
was achieved w i t h  th ree  passes o f  a ten- ton tandem s tee l  wheel r o l l e r .  Ad- 
d i t i o n a l  steps o r  operat ions were performed on var ious sect ions and a r e  ex- 
p la ined f o r  each sec t ion  below. 

Figure 11 
Radiant Heat Surface Recycl i n g  Apparatus 

P r i o r  t o  any r e c y c l i n g  operations, the  mater ia l  was sampled and the  
e x i s t i n g  res idua l  aspha l t  was tes ted and found t o  be 6.2%. The aspha l t  
peget ra t ion  o f  the e x i s t i n g  aspha l t  ranged from 18 t o  21 when tes ted a t  
77 F. That range i n  penet ra t ion  occurred i n  s i x  t e s t s  on a l l  sect ions t o  
be recycled by t h i s  equipment. The o r i g i n a l  aggregate gradat ion was a l s o  
determi ned as f o l  1 ows : 



Sieve S ize  

1/2" - 3/8" 
3/8" - 4  
4  - 10 
10 - 40 
40 - 80 
80 - 200 
pas s i  r 

% by Weight 

Th i s  o r i g i n a l  g radat ion  and res idua l  aspha l t  content  w i l l  serve as the  
basis  f o r  comparison f o r  a l l  t e s t  sect ions performed w i t h  t h i s  equipment. . 

Figure 12 
Bottom View o f  Radiant Heat Elements 



Figure  13 
Pavement S c a r i f i e r  Mechanism 

F igure  14 
Mix ing  Augers 



Figure 15 
Close-up of Vibratory Screed 

Section #5 

This section consisted of relaying the recycled surface w i t h  only 
emulsion added to the mixture. No measures were taken to prolong the 
skid l i f e  of the recygled surface. The surface was heated to  a tempera- 
ture in excess of 300 F. and scarified to a depth o f  approximately 
1 inch. 0.07 gallon of emulsion per square yard was added to the mix. 

Prior to  compaction by the vibratory screed and rol l  i n g  operation, 
the asphaltic concrete was sampled and tested i n  the laboratory. The 
asphalt was extracted and tested,and a screen analysis was performed. 
The extraction t e s t  showed the recycled surface to have an asphalt content 
of 6.7 percent. The penetration a t  77 F. was measured to be 24. As i n d i  
cated by the following "af ter  recycling" gradation, a s l ight  aggregate 
degradation occurred i n  the process. 



Sieve S ize  % by Weight 
1 

1/2" - 318" 
3;8" - 4 
4 - 10 
10 - 40 
40 - 80 
80 - 200 
passing 200 

There was 6.7% res idua l  aspha l t  i n  t h e  mix ture  and the  average HVEEM * 

s t a b i l  i t y  o f  t h e  recyc led  mix was 38. The s t a b i l  i t y  ranged from 34 t o  41 . 

Figure 16 
View o f  Recycled Pavement Surface P r i o r  t o  R o l l i n g  

The t e s t i n g  and eva lua t ion  of sec t ions  #5 through #8 were performed - 
on a cont inu ing  bas is  f o r  approximately one year  a f t e r  cons t ruc t ion .  The 
same eva lua t i on  was performed on these sect ions as on t h e  p rev ious l y  d i s -  
cussed sect ions.  



Table 1 

Before 1 month  3 months 9 months 1 year 
Construction a f t e r  a f t e r  a f t e r  ~f t e r  

8 Avg. Skid 
Numbers 3 2 5 0 4 2 4 6 32 

Avg. Ride 
Qua1 i ty * 

3.1 1.9 2.0* 1.9* 1.8* 

* These average r ide qua1 i t y  values were lowered due to approximately 800 . feet  of th is  s ~ c t i o n  having been placed with a screed below specified 
temperature. All screed heaters wgre l i t  and working b u t  due to the 
ambient temperature of 45 F. - 48 F. and a s l igh t  northerly breeze, 
the heaters would not maintain a suff icient  temperature to prevent a 
rubboard effect  from occurring a t  the back north corner of the screed. 

The 18 s k i d  number increase which was noted one month af te r  completion 
was brought about by the rearranging and reorienting of the aggregate par- 
t ic les .  Most of the new limestone faces had not previously been exposed to 
t ra f f ic .  This particular 1 imestone i s  a very so f t ,  f a s t  polishing aggregate; 
and,  as  noted i n  Table 1, one year 's  time and close to  1.75 mil 1 ion vehicles 
has decreased the s k i d  number to a pre-construction level. 

The structural integrity of th i s  recycled roadway section was considered 
by many highway engineers, as we1 1 as the traveling pub1 ic ,  to be f a i r  to 
poor. As discussed ea r l i e r  extreme roughness (corrugations) occurred on a 

w 

portion of th i s  section. Note the l e f t  lane i n  Figure 17. 

Figure 17 
Pavement Corrugations 



Approx imate ly  70% of t h e  su r f ace  area i n  t h i s  t e s t  s e c t i o n  con ta ined  
i g a t o r  su r f ace  crack-s. A t  some o f  t h e  cracks, f i n e s  were be ing  pumped 
t h e  sur face.  

F i gu re  18 
A1 1 i g a t o r  Cracking o f  Pavement Sur face 

F igu re  19 
Fines Pumped t o  Surface o f  Roadway 
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A f t e r  t h i s  pumping had occurred f o r  tw t o  f o u r  months, t he  pr imary 
area bounded by the  pumping cracks s p a l l e d  o u t  as shown i n  F igure  20. 

Sect ion #6 

Figure 20 
Spa1 1 ed Pavement Surface 

This sec t i on  was constructed us ing  t h e  procedures described f o r  sec t ion  
#5 p l u s  two a d d i t i o n a l  operat ions. An aspha l t  re juvena t i ng  agent was added 
t o  t h e  mix a t  t he  approximate r a t e  o f  0.05 gal lon/square yard. This  re juve-  
n a t i  ng agent was added dur ing  m ix ing  and thoroughly mixed by the  augers i n t o  
the  recycled a s p h a l t i c  concrete. 



Figure 21 
Rejuvenating Agent Spray Bar 

Also in an ef for t  t o  prolong the skid resis tant  l i f e  of the pavement, 
a sprinkle treatment was added to the roadway surface. This sprinkle 
treatment involved the placing of asphalt coated synthetic lightweight 
aggregate to  the surface immediately af te r  the passage of the vibratory 
screed and prior t o  the commencement of any roll  ing operations. 



Figure 22 
Recycled Surface Prior to  Sprinkle Treatment Appl ication 

Figure 23 
Sprinkle Treatment Application Using S a l t  Spreaders 



4 
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F i g u r e  24 
S p r i n k l e  T r e a t e d  S u r f a c e  P r i o r  t o  Roll ing  

F i g u r e  25 
Roll  ed S p r i n  kl e T r e a t e d  S u r f a c e  

22 



Laboratory t e s t i n g  o f  a sample taken p r i o r  t o  laydown showed the 
fo l l ow ing :  

Penetrat ion a t  77' F. = 32 
% Residual Asphalt  = 6.7 
HVEEM S t a b i l i t y  = 37 

Aggregate gradat ion o f  r e c y c l  ed mix : 

Sieve Size % ' b y  Weight 

1/2" - 3/8" 
3/8" - 4 
4 - 10 
10 - 40 
40 - 80 
80 - 200 
passing 200 

The s k i d  res is tance eva luat ion  showed a drop o f  e l  even s k i d  numbers 
between the one month t e s t  and the three month t e s t .  This drop caused 
concern t o  p r o j e c t  personnel u n t i l  a close-up examination of t h i s ,  as we l l  
as surrounding sect ions, was performed. 

Table 2 

Before 1 month 3 months 9 months 1 year 
Construct ion a f t e r  a f t e r  a f t e r  a f t e r  

Avg. Skid 
Numbers 28 4 9 3 8 4 7 5 0 

Avg . Ride 
Qua1 i t y  3.1 2.8 3.0 3.0 2.9 

The i n i t i a l  f ee l i ng  was t h a t  the  s p r i n k l e  treatment aggregate had been 
whipped from t h e  roadway by t r a f f i c ,  b u t  a c lose r  examination of the pave- 
ment surface revealed t h a t  the unexpected had occurred. The cause of the  
lowered sk id  t e s t  values was determined t o  be a combination of the  fo l lowing:  

1. The aspha l t  re juvenator  and J u l y  sunshine had made the  aspha l t i c  
surface very  s o f t .  

2. T ra f f i c  had pushed the s k i d  r e s i s t a n t  s p r i n k l  e treatment aggregate 
i n t o  the aspha l t i c  mat, l eav ing  on ly  small t i p s  o f  t h e  aggregate 
exposed i n  some cases. 



SCHEMATIC OF HOT MIX ASPHALTIC CONCRETE 

MAT WITH SPRINKLE TREATMENT AGGREGATE 

SPRINKLE TREATMENT AGGREGATE 

WHEEL PATHS 



3 .  The s k i d  t e s t  t i r e  was a c t u a l l y  t es t i ng ,  t o  a l a r g e  degree, a 
t e s t  sec t i on  s i m i l a r  t o  sec t i on  #5 bu t  one t h a t  was r i c h e r  i n  
a s p h a l t i c  ma te r i a l  s. 

A check o f  Table 2 revea ls  a n i n e  s k i d  number increase which occurred 
3 over t h e  nex t  s i x  month period. T r a f f i c  eroded the  a s p h a l t i c  mat from 

around the  aggregate l e a v i n g  a much l a r g e r  p o r t i o n  exposed t o  the  t i r e .  
One year  a f t e r  cons t ruc t ion ,  s k i d  t e s t  r e s u l t s  were a t  a l e v e l  much h igher  
than t h e  minimum s k i d  number suggested by many. 

The s t r u c t u r a l  q u a l i t y  o f  tms experimental sec t i on  a f t e r  being i n  
p lace  one year  i s  considered g l n l y  s l i g h t  a1 1 i g a t o r  sur face cracks 
have appeared. 

F igure 26 
Recycled Spr ink le  Treated Surface A f t e r  

One Year 's  Exposure t o  T r a f f i c  

Due t o  the  recyc led  sur face being the  f o u r t h  a s p h a l t i c  l a y e r  above 
j o i n t e d  Por t land cement concrete pavement, the  l o n g i t u d i n a l  edge crack o r  
j o i n t  has occurred a long w i t h  t h e  associated t ransverse sur face cracks 
and a l l  i g a t o r  shoulder cracks. The sur face t reatment  o r  seal coa t  
shoulder was n o t  recyc led  i n  t h i s  nor  any o f  t he  experimental sect ions, 
nor was i t  evaluated i n  t h i s  p r o j e c t .  



Figure 27 
Long i tud ina l  Edge Crack Between Recycl ed Sur f  ace and Shoul der  

Sect ion  #7 

The cons t ruc t i on  o f  t h i s  experimental sec t i on  invo lved us ing  the  
same procedures as those u t i l i z e d  i n  t e s t  sec t i on  #5. A d i f f e r e n t  pro-  
cedure,however, was used t o  improve the  s k i d  r e s i s t a n t  l i f e  o f  t he  road- 
way surface. Sk id  r e s i s t a n t  syn the t i c  1 igh twe igh t  aggregate was p laced 
on the  e x i s t i n g  roadway sur face p r i o r  t o  heat ing and recyc l i ng .  A f t e r  
a dec i s ion  was made t o  increase t h e  coarse aggregate (+ I0  s ieve  s ize)  
p o r t i o n  of t he  e x i s t i n g  h o t  mix by lo%, t e s t s  were performed t o  determine 
the  amount o f  s k i d  r e s i s t a n t  aggregate necessary t o  e f f e c t  t h i s  10% increase. 
A spread r a t e  o f  1 cub ic  ya rd  o f  aggregate per 225 square yards o f  sur face 
area was used. The s k i d  r e s i s t a n t  aggregate was then thoroughly mixed 
throughout t he  a s p h a l t i c  concrete p r i o r  t o  laydown. 



Figure 28 
Skid Res is tan t  Aggregate on Roadway P r i o r  t o  Recycl i n g  

Due t o  an ove rs igh t  du r ing  construct ion,no attempt was made t o  increase 
the  amount o f  emu1 s ion  being added t o  the  mix. Therefore a d r i e r  mix oc- 
curred than had been o r i g i n a l l y  planned. 

Penet ra t ion  a t  77' F. = 31 
% Residual Asphalt  = 5.9 
H V E E M S t a b i l i t y = 5 6  . 

Sieve Size % by h e i g h t  

1/2" - 3/8" 
3/8" - 4 
4 - 10 
10 - 40 
40 - 80 
80 - 200 
passing 200 

As shown i n  Table 3 below, t h e  s k i d  r e s i s t a n t  aggregate (which was 
placed so t h a t  t he  augers o f  the  r e c y c l i n g  machine would blend i t  i n t o  the  
sur face)  was s u f f i c i e n t  t o  b r i n g  about a small increase i n  s k i d  res is tance.  
The a d d i t i o n  o f  5 t o  7 percent more s k i d  r e s i s t a n t  coarse aggregate cou ld  
poss ib l y  have ra i sed  the  one year  average s k i d  t e s t  va lue t o  above 40. 



Table 3 

Before 1 month 3 months 9 months 1 year 
Construct ion a f t e r  a f t e r  a f t e r  a f t e r  

Avg. Skid 
Numbers 23 46 41 3 7 3 7 

Avg . Ride No Test 
Qua1 i ty  2.6 2.7 2.7 (Equipment 2.8 

Fai 1 ed) 

Due t o  the l a c k  of asphal t  content i n  the  mat, extreme surface cracking 
and s p a l l i n g  occurred. An examination o f  the  spal led areas o f  t h i s  sec t ion  
ind ica ted  a depth o f  recyc le  o f  on ly  3/8" t o  1/2". This shal low depth was 
un in tent iona l  . 

Figure 29 
Spa1 1 i ng of Blended Recycled Surface 

A considerable amount o f  the surface long i tud ina l  cracking was n o t  
a r e s u l t  o f  the  recyc l i ng  process b u t  resu l ted  from the removal o f  po r t i ons  
o f  the  e x i s t i n g  j o i n t e d  concrete pavement throughout the e n t i r e  l e n g t h  o f  
the  sect ion. Th is  propagated a transverse crack completely across the  two 
roadway 1 anes. 



Figure  30 
Transverse Crack over Edge o f  P.C.C. Pavement 

Sect ion  #8 

Test  sec t i on  #8 was constructed i n  t h e  same manner as sec t i on  #6 
except t h a t  t he  re juvena t i ng  agent was n o t  added. The m a t e r i a l  was 
ho t  recyc led  us ing  r a d i a n t  heat, emulsion was added, and i t  was s p r i n k l e  
t rea ted  w i t h  a s k i d  r e s i s t a n t  l i g h t w e i g h t  aggregate. 

Penet ra t ion  a t  77' F. = 26 
% Residual Asphal t  = 6.4 
HVEEM S tab i  1 i ty = 50 

d Sieve S ize  % by Weight 

1/2" - 3/8" 
3/8" - 4 
4 - 10 
10 - 40 
40 - 80 
80 - 200 
passing 200 



An increase i n  sk id  numbers,shown i n  Table 4 below, was a t t r i b u t e d  
t o  the sp r ink le  treatment sk id  r e s i s t a n t  aggregate which was appl ied t o  
the surface o f  the roadway a f t e r  recycl ing.  The addi t ion o f  emu1 sion 
on ly  t o  the recycled mix was no t  o f  s u f f i c i e n t  quant i ty  t o  " l iven-up" 
the asphal t ic  mat f o r  an extended per iod o f  time. Therefore, t r a f f i c  
"whipped o f f "  the sk id  r es f s tan t  sp r ink le  aggregate, and a l l  t h a t  r e -  
mained was the 1 imestone hot mix asphal t ic  concrete. 

Table 4 

Before 1 month 3 months 9 months 1 year 
Construction a f t e r  a f t e r  a f t e r  a f t e r  

Avg. Skid 
Numbers 21 50 43 4 4 37 

Avg. Ride 
Qua1 i ty 3.1 2.9* 2.8* 3 .O* 2.9* 

* The s l i g h t  de te r io ra t ion  i n  r i d e  q u a l i t y  (S. I .  values) arose from the 
i n a b i l  i t y  o f  the equipment operator t o  end t es t i ng  p r i o r  t o  the end 
o f  job. 

The s t ruc tu ra l  q u a l i t y  of t h i s  section, a f t e r  a t r a f f i c  and weather 
exposure time o f  near ly  twelve months, was f a i r .  F i f t y  t o  s i x t y  percent 
o f  the surface area exhibi ted cracking from the narrow wid th  shown i n  
Figure 31 t o  the wider, she1 l ed  areas shown i n  Figure 32. 

Figure 31 
Narrow Random Surface Cracking 



Figure 32 
Wide Random Surface Cracking 

Sect ion #9 

Test  sec t ion  #9 was located on I.H. 820 on the  east  s ide  o f  F o r t  
Worth. The t e s t  was performed on cont inuously re in fo rced  Port land 
cement concrete, and i t s  purpose was t o  improve the  s k i d  resistance. 

The experiment consisted o f  b l a s t i n g  the  sur face w i t h  h igh  pressure 
water sprays. I t  was f e l t  t h a t  the  s k i d  res is tance would be improved as 
a r e s u l t  o f  the removal o f  debr is  such as o i l  and rubber p a r t i c l e s  and 
small amounts o f  cement mortar between coarse aggregate p a r t i c l e s .  

The t e s t  sec t ion  was 781 f e e t  long and 24 f e e t  wide. The outs ide  
lane appeared t o  be more worn and more contaminated than the  i ns ide  
lane so a slower t r a v e l  speed was used wh i le  spraying the  outs ide  lane 
( 3 mph f o r  i n s i d e  lane and 1 mph f o r  ou ts ide  lane). Also, a somewhat 
reduced nozzle pressure was used on the  i n s i d e  l ane  because two addi- 
t i o n a l  nozzles were attached. Water was sprayed a t  8,000 t o  9,000 ps i ,  
and the  nozzles were pos i t ioned approximately 6" above the  surface. 

Standard sk id  t e s t s  i n  the  outs ide  lane produced an average s k i d  
number o f  19 before water b l a s t i n g  and a 32 a f t e r .  Standard sk id  
t e s t s  i n  the  i n s i d e  lane produced an average sk id  number of 27 before 
water b l a s t i n g  and a 36 a f te r .  Skid t e s t s  were performed three days 



a f t e r  the  roadway was sprayed. Subsequent t es t ing  (about four months 
l a t e r )  ind icated  an average skid number of 26 f o r  the  ins ide  l ane  and 
24 f o r  the outside lane.  La te r  t es ts  confirmed the impermanence o f  
improved skid resistance as a  r e s u l t  o f  high pressure water b last ing .  
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CONCLUSIONS AND RECOMMENDATIONS 

Tes t  sec t i ons  #5 th rough  #8 have shown t h a t  r a d i a n t  hea t  sur face r e -  
c y c l i n g  c o u l d  be an e f f e c t i v e  t o o l  i n  conserv ing  our  n a t i o n ' s  aggregates 
and a s p h a l t i c  p roduc ts .  I t  i s  f e l t  t h a t  t h e  p r e v i o u s l y  d iscussed methods 
and procedures would be g r e a t l y  improved i f  t h e  f o l  1  owing suggest ions were 
imp1 emen ted :  

1. A  smal l  amount o f  new hot-ni ix a s p h a l t i c  conc re te  should  be 
mixed w i t h  t h e  r e c y c l e d  m a t e r i a l s .  Observat ion and i n v e s t i  - 
g a t i o n  o f  subsequent, non -p ro j ec t  r e1  a ted  jobs  have i n d i c a t e d  
t h a t  t h e  a d d i t i o n  o f  as 1  i t t l e  as 28 pounds o f  new m a t e r i a l  
pe r  square y a r d  o f  s u r f a c e  area may s i g n i f i c a n t l y  iniprove t h e  
r e s u l t i n g  mix .  

2. Consc ien t ious  i n s p e c t i o n  should  be employed t o  i n s u r e  cons tan t  
dep th  o f  s c a r i f i c a t i o n .  

3 .  S p e c i f i c a t i o n s  should  be employed f o r  c o n t r o l l i n g  t h e  r a t e  
o f  a s p h a l t  d i s t r i b u t i o n  a p p l i e d  t o  t h e  r e c y c l e d  m ix .  

4. Screed temperature should  be s p e c i f i e d  and checked p e r i o d i c a l l y .  

5. Maintenance o f  s u f f i c i e n t  s k i d  r e s i s t a n c e  should  be requ i r ed .  

6. S p e c i f i c a t i o n s  which r e g u l a t e  t h e  minimum a i r  temperature 
a1 1  owa b l  e  f o r  su r f ace  r e c y c l  i ng s  houl d  be developed. 

Bo th  open-f lame and r a d i a n t  hea t  s u r f a c e  r e c y c l i n g  equipment inc rease  
t h e  s k i d  r e s i s t a n c e  i m e d i a t e l y  a f t e r  placement. Exper ience has shown 
t h a t  w i t h  a  few thousand t r a f f i c  a p p l i c a t i o n s ,  t h e  inc reased  s k i d  r e s i s t a n c e  
soon r e t u r n s  t o  i t s  o r i g i n a l  1  eve1 . 
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