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The Eirst u s e  of aszhal t - rubber  on a c i t y  s t reet  vas as a seal. 'The rtew 
as3hal t - rabber  .?as s??lied  followed by a cnip  cover .  This a p p l i c a t i o n  became 
'mown as a strsss ajsor5in.: rnembrane or SAM. 

<"? 3arly a p p l i c a t i o n s  of asphal t - rubber  vere aarked  by some f a i l u r e s ,  as was 
t o  he .z-rtpectzd. I q r o v e a e n t s   i n  equipment  and six desiqns  ov2r  t h e  . p a s t  13 
years  :lave now v i r t u a l l y   e l i n i x i a t e d   f a i l u r e s .   O b s e r v a t i o n  of a p p l i c a t i o n s   i n  
?hoenix  over time has  helped  in  the  development of asFhal t - rubber   apul ica t ion  
technfaues.   Applications  wnich  vould he c l a s s i f i e d  as Ea i lu rz s  have  been of 
i n t e r e s t  due t o ,  1) The k s s o n s  l e a r n e d   i n   r z g a r d  t o  composition and 
a p l i c a t i o n   x e t h o d s ,  and 2 )  The "forTiving"  nature  of t h i s  aaterial. 
Pavements vh ich   exh ib i t ed   ea r ly   c r ack ing  with asphal t - rubber  were found t o  
d e t e r i o r a t e   m c h  more s lowly   than   s tandard   pavenents .   In  some cases, time 
improved the pavement cond i t ion ,  as t h e  asphal t - rubber   f lexed  and worked with 
t he  pavement stresses. Asphal t -Tubber   naintains   pavenent   viscosi ty  a t  near  
o r i r ; i na l  levels. Standa rd   a sgha l t   ha rdens   mcn .nore   r ap id ly ,  becominp, b r i t t l e  
as v o l a t i l z  comnonents ar2 l o s t .  

Advancements rnade i n   t h e   n e c h a n i c s  of app l i ca t ion   have   q rea t ly  improved the  
q u a l i t y  of asphalt-rubber  pavements  over  the  years. In t h e  1981 n a t i o n a l  
sen inar  on asphal t - rxbber ,   spec i f ica t ions   for   Asphal t -Rubber   Ap7l ica t ion  
develowd 5y ?he  Cicg of ?hoenix ver2 adoFted. 3::perience 2ained  t'nroush 
p a r s  of zsper imenta t ion .have   Seen   incorpora t td   in fo  these s p e c i f i c a t i o n s .  

Since.-L963  ?hoenix has ? laced   over  700 l ane  ailes of asphal t - rubber  stress 
absorbent nembrane (SAX). This method c o n s i s t s  of t h e   a p p l i c a t i o n  of 0.6 
7a l lons  ?er square  yard  of   hot   asphal t - rubber   direct lg  on a n   e x i s t i n g   s t r e s s e d  
sur face .  A ?re-coated  cover  aggregate a t  a rats of 25-30 rJounds p e r  square 

1 

yard follows~ the   asphal t - rubber:  This a p p l i c a t i o n  is 
t o  55,900 A!lT and vas a lso   used  on Sky Barbor   Airport  

used  on streets w i t h  up 
i n  Phoenix. 

?. 

.~ 



?o,r:?ans t h e  l o s t   a s ton i sh inq   9avenen t  the C i t y  af ?hoenix  has i s  wher? as9,halt  
rub'wr  as ap? i i ed   d i r zcc ly  on n a t i v e  s o i l .  This  ?averna,nt is  now 1.5 years  o l d  
-J i th   only t-iro chi?  seals i n  t!12 l a s t  12  pars. The l a s t  t r a f f i c   c o u n t  ;ras 
7,400 ADT. Tae Tavernegt is  j u s t  now f a i l i n ?  and i n  need of r econs t ruc t ion .  

In  1?32,  a doub le   apg l i c i t i on  of asphalt-rubber  on a Ta-jor s t r e e t  was 
cons t ruc tx i .  ';he t o t a l   s p p l i c a c i o n  rat2 iras 1.25 gallons 3er   square y a r d  over  
an . ?x i s t in s  strzst .  Ths: e x i s t i n g   s u r f a c e  ;zas an a s p h a l t i c   c o n c r e t e  roadway 
v izh   po r t l and  cement  concrete  parkinq area. The street  conta ined   the   remains  
of a s t r s e t   c a r  trac!:,. inc luding  ti=s. TSe s u r f a c t   h a d  up to   tvo- inch   c racks  
i n   t h e   - c o n c r e t e   w i t h  1/4"  t o  1/2" crack   th rouqhout   the  roadway. This  ?avement 
was overlayed i n  1.352 t o  inprove   the   r ide .   This   type  of des ign  5ecame known 
a s  a stress absorbant   aembrane  inter layer  (SA"). . The o r i q i n a l  Favement 
cracks  have  not  reflected  through  except  where  the  tvo-inch crac!cs e x i s t e d   i n  
the  concrete .   These  are   indicatPd 3y h a i r   l i n e   c r a c k s  only.  

Phoenix h a s  used  asphalt-rubber i n  o t h e r  ways t ha t   have   c r ea t ad  new i ndus t ry  
and  business.  A par t ia l  l i s t i n g  follows: 

1. . SubTrade seal t o   r e t a i n  3 c o n s t a n t   a o i s t u r e   c o n t z n t   i n   s w e l l i n q   s o i l s .  
2. Crack f i l l i n g   7 r i o r   t o   c h i p   s e a l i n g ,   s l u r r y   s e a l i n z ,   a n d / o r   o v s r l a y s .  
3 .  Joint f i l l e r   f o r  portland canent  concretn  Tavenents.  
4 .  Lake l iners  i n   p a r k s  'and indus t ry .  
5.  Soof inq . 
T9E TATEST IZi CITY. STY!%T DESIST U S I X  A S P S A L T - R U B B ~  
Today asphal t - rubbzr  is k i n ?  used as a S.X.:I Cor r econs t ruc t ion  of our  xajor 
str?ets. 'As t h e   c i t y  qr-w, i t  i n c o q o r a t e d   s e v e r a l  ailes of t vo  iane 
toadvays. To n a i n t a i n  t h e  t r a f f i c  demand t h e s s  streets had t o  be :Jidentd  fron 
two t o   s i x   l a n e s .  The exis t ino,  pavement vas s t r u c t u r a l l y   a d e q u a t e   v i t h  an 
overlay.  It was ele ,cred  to  :(e"? t h e  exis t ins  paved  sect ion b y  paving on each 
s i d e   t o   o b t a i n   t h e   d e s i r c d   v i d t h .  An asphalt rubber  S A X 1  vas then   p laczd ,  
fo l loved  by an o v e r l a y   t o   o b t a i n   t h e   d e s i r e d   g a d e  and r i d e .  
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The 3X:iI sys tem ias saved - n s t e r i a l s ,   r c d u c c d   u t i l i t y   T d o c a t i o n s ,  and  rbducza 
inconvenience to t he  ? u b l i c .  The curr-?3t   cost   savir ,?  i s  z s t i a a t 2 d  t o  'be 
$250,390 t o  $303,990 ?er T i l 2  ~f T a j o r   s t r z e t .  

The desi2n of n a j o r  S t rEz t s  r e 7 u i r e s   a l t e r n a t i v e s   t h a t   f i r   5 0 t h   t h e   c o n d i t i o n  
of t h  ?ro jac t   and  the q o l i t i c s .  One of t h e  d e s i q n   a l t z r n a t i v e s  is t o  use ci 

cenent   t r .?atea  base followed 37 an ay:gr?qate  base  follo-.ed by as?ha l s i c  
concrzt2. .  The  i n t z n t  of the aqerzga tz   base  is  t o  s8rv2 as a zone   for   c rack  
a3sor i t ix - t  ' jetvesn ::le ceinent  trea:sd base ana t he  s u r f a c z .  Also, t h e  
ayzregatz  Serves 9 s  a cur inq   h lan ice t   for   the   cePent   z rza ted  base :.7nen 
i n n e d i a t s l y  m?li=d. 

Asphalt-ru5ber h a s  5 e e n   r c c . m t l g   t l t i l i z e d  i n  ?lace of t h e  aTgreqate  base.  The 
asphal t - tubber  is a p l i e d  to t he  cement t r e a t s d  5ase, s e r v i n p  as a curinq 
cwer  and r e t a rd inq   r e f l ec t ive   c r sc ! t ing   f rom  the   base .  The asphal t - rubber  is 
a p l i c d  a t  t he  rat2 0.75  Tallon per square  yard  fol lowed by ch ips .  The ch ips  
a l low  t i raff ic   and  prevent   the ?ic';rup of t he   s spha l t - rubbe r   du r ing  
cons t ruc t ion .  This system  has  saved $10,000 ?er n i l e   i n  materials alone,   wi th  
a d d i t i o n a l   s a v i n s s   f r o m   d e c r z a s e d   u t i l i t y   r e l o c a t i o n s .  

Yew ?or t l and  coment concretz  pavements  have  Seen  overlayed  witn  double 
a p p l i c a t i o n s  of a s p h a l t - r u b b e r   d u e   t o   e a r l y   c r a c k i n g   i n   t h e   c g n c r e t e .  The 
c racks   have   no t   re f lec ted   th rough  to   da te .   This  is no t  a recommended 
practic?,  however, t h e   c o n t r a c t o r  l o s t  t he   conc re t e   i ?h i l e . cons t ruc t ing  i t ,  
The inore he t r i e d   t o  save i t ,  t h e   a o r e   t h e  pavement cracked. 

.4sphalt-rUbDer as a b i n d e r   i n   a s p h a l t i c   c o n c r e t e   h a s   S e e n   ? l a c e d   o n  a c i t y  
street. This  concept ;?as f i r s t   t r i e d   i n  1971  with  quest ionable   success .  The 
Arizona  Department of Trans?or ta t ion  (ADOT) has used  asphalt-rubber as a 
binder  on su r face  materials wi th   reasonable   success .  The C i t y ' s   n o s t   r e c s n t  
t r i a l  vas in 1985 :?herain 13% asphal t - rubber   b inder  vas used   wi th  a coarse  
z raded   aqz rcga te .   Th i s   s epen t  was placed  on a supe r   e l eva ted   s ec t ion .  The 
suse r   n l eva ted   s ec t ion  vas developed by placinq  one-inch of A-X AZ on the 
lower  side -.?it% five- inches on the  upper.   This  experiment offero,d t h e  
oopor tuni ty   to  gbscrve hov tSe var iab le   th ickness   per forned .  The rhree t o  
f ive- inch   sec t ion  vas found  to  be uns tab le   under   h i3h   mbient   i empera tures .  
The less than two-inch s e c t i o n  is ? e r f o m i n q  very well. 

X f t z r   o k e r v i n ?  the ?er forxance   under   cons t ruc t ion  i t  vas concluded that the  
A?.-AC 3inder  'should 5, reduczd   to  9%. In' a d d i t i o n ,  a ma:cizun placement of  
tvo-inches is recomnendec?. This   des iqn  w i l l  Se -con t inua l ly   obse rved  and 
r c?o r t aa  on. 

. 
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?rovides  a low-cosc a l l  vea the r   su r f ace .  
:Jat2r?roof  ?avin%. 
,?rovid=s  s ic id-resis tant   surface.  
Zives new L i z 2  t o  dry ,   vea therzd   sur faces .  
?einforces  ?avenent  strenqr:?.  . 

:;uides t r a i  x i c  . 
Inproves visibility. 

as?halt-ru3ber,  however, o f f  2rs these  added  advantags : 

- c  

?revents   c rack  ref k c t i o n  
? r e v e n t s   s p a l l i n q .  
3rovides  B t r u l y   f l z x i X e   s u r f a c z .  
T ~ ~ U C ' J S  a a i n t e n a r k z   f o r  a t  least  = i g h t   f u l l   y e a r s .  
I n c r l a s ' e s   l i f e  of ?avernent  3y a f a c t o r  as larze as two. 
3elays need f 3 r   r e c o n s t r u c t i o n .  

Xspnalt-rub3er -;las not   zons ider td  a ? r e v e n t i v e   m a i n t e n a n c e   n a t e r i a l   i n  new 
c o n s t r u c t i o n   u n t i l   t h e   r e p o r t e d  -.?or8 done a t  Sky RarSor   In t z rna t iona l   a i rgo r t .  
The asphal t - ruSber   sealed runway p r e s e r v e d   t h e   v i s c o s i t y  of the  pavenent  and 
m i n t a i n e d  nuch of t h e   o r i g i n a l   f l e x i b i l i t y  of  t he   a spha l t - conc re t e ,   ( r e fe r  t o  
F iqure l ) .   This   p roper ty   adds  a a a j o r   a d v a n t a q e   i n  che use of asphal i - rubber  
i n  new cons t ruc t ion .  

goes  asphalt-rubber save money, time and  inconvenience?  Considerin5 t& 
add i t iona l   >avenen t   l i f c   ga ined  by a?plyinq  asphal t - rubber ,   the   rzduct ion ai 
u t i l i t y   r e l o c a t i o n  and  Favement sec t ions ,   and  the added in   conveniencs  :o the  
& l i c ,  yes. Jhen  as?halt-rubSer was Eizst u s e d   i n  1969, the c o s t  was t h rze  
t i n e s   t h a t  of a conventfonal  asp'nalt .  Today tbe c o s t  is 1.5 tines 
convent ional  asohnlt i n  ?hoenix. F i y r 2  2 shows t h e  costs cornpr i sons  f o r  
s tandard  and  as?hal t - rubber  =si:, szals i n  ?he ?ast 15 years i n  ?hooni:s. 

.Tiqtlre 3 shows the   aav iaqs   ob ta ined  by u s i n g  asphal t - rubber   ins tead  of a 
s tandard  chir ,  seal. Xaintenance  costs  are added to   bo th  seals which start  
v i t h   o n l y   t h e i r  1975 p lacemnt   cos t s .   Xn i l c   t he   a spha l t - rubbe r  shows o n l y  a 
s l i q h t  incro,as$ due t o  main tenance   s t a r t i nq   i n  1983, the   s t anda rd   ch ip  seal  
has   a l ready been r e s u r f a c z d   i n  1933: This   second  chi?  seal, combined w i t h  ' I 

n a i n t n n a n c e . p r i o r   t o   t h e   r e s u r f a c i n g ,   s o r e - t h a n  triples t h e   i n i t i a l   c o s t .  
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S t o p p i n ?   r e f l e c t i v e   c r a c k i n g   i n  pavements v i t h  less than  3.25 inch 
(3 .54  cn)   c racks  for over 3 t 3  12 years. 
Sto??inq  apal l i l tq  of .asphal t ic   concrztz   around  2ot  holas and larger 
cr3ck3. 
!;ator-?rooftn? z h e  s t r u c t u r e  t o  o b t a i n  maximm s t a b i l i t y .  
Zez1inq 2nd ?rzservinT t h e  o r i g i n a l   q u a l i t y  of t he  as?halt c=ment mc 
chz as?nal:ic  concrZtd pavernznc. 
7,educinT naintznance  due  to a11 of  the  sbove. 
S e a l i q  the  subqradz t o  qininizo,   . the voiurne chanzes   t ha t   t ake   ? l acs  
due to   no i s tu re   chanqes .  
Setvin? 3s  .3 S t i * z S S  abso rb inn ,   i n t c r l aye r   t o   r sduce   fu tu re  
na in tmancc .  
Offer ing  a f l e x i b l e   x o p e r t y  for streets and roads. 
? e r f o r = i q  as an   2xce l l en t   c r ack - f i l l i ng  qaterial a n d   j o i n t  sealer. 

CONCLUSION : 

Asphal t - rubber   has   perfonsd  very :?ell i n  ?hoenix.   Several  of t h e   o r i s i n a l  
i n s t a l l a t i o n s   i n  t h e  p a s t  15 years are s t i l l  working. As poin tod   ou t  
asphal t - rubber  was used i n  severe cases of d i s r epa i r   and -nanaged   t o  save the 
roadway from mjor na in tenance   cos ts   and   recons t ruc t ion .  The i4aterial has 
de layed   recons t ruc t ion  by as m c h  as 15 years .  

The City of Phoenix is cur ren t ly   us in2   asphal t - rubber  for a l l  crack f i l l i n ? .  
Over 20 z i l e s  of S.&II's 5ave h e n  comple tzd   a i th   an  averao,e a n n u a l   f u t u r e  usr 
of t en  -niles p e t  year .  (hrer 500 l ane  ailcs of SAH's have  heen'piaced w i t h  an 
averaze fu ture   annual   usaqe  of 25 rnilss p e r  year. 

I ... i.12 :munic ipa l i t i es   sur toundiq   3hoenix  ar? us in?   asphal t - rubber  i o r  
aa ia tznancz  along :.rit:1 t k  count ies   and  the  State  of Arizona (SSOT). 
BsDhalt-XuS3er is no longer   considered  experimental ,  i t  i s  bein?  us2d as a 
Fro's1.m so lv in r J   Ta tz r i z l .  :!ow..ver t h e n  3r.2 e::?,crirnents t h a t  arz! on i n  
usin? asDhalt-rubber as roportzd h e n .  3 e l i = v z   . i n  'CeaDinq an open Tin6 t o  
any  and a l l -  a?p l i ca t ions  or' asphal t - rubber .  I t  is not  a cu re -a l l  and needs 
engineer in?  judzenent  for a succzss fu l l   apo l i ca t ion .  
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We  want to continue  with use of recycled  or  reclaimed 

rubber in  the  paving  industry.  Russ  Schnormeier  spent  some 

time  talking  asphalt-rubber where the  granulated  rubber is 

reacted  with  the  liquid asphalt, and  then  used  as  a  binder. 

We  want to look at rubber-filled  asphalt  concrete.  I 

would  like  to  speak  to you a little  bit  about  asphalt  concrete 

which is  the  hot  mixes  that we normally  think  of  and  how 

asphalt or rubber-filled  asphalt  concrete  fits  into  this 

scheme.  It's  part  of  a  hot  mix  design rather than  a  binder. 

I want  to  talk  about  .the  mixture design procedures  and  about 

placement  of  the  material  and  about  something on "costing 

methdds," a  projected  market  that  at  least is estimated  as 

a  first  cut for North  Carolina  and  some  suggested  courses 

of action.  We  want  to  address  this  primarily  to  the  engineers 

and contractors that will be  responsible for the  .design  and 

construction  of  these  systems  and  show them- what  we  think 

in  the  PlusRide area are  some  things to  be watching  for. 

First  a  convent.iona1  asphalt  concrete  mixture  is  a  designed 

mixture of graded  aggregants.  I  want  to  emphasize  that  these 

are  designs.  They're  technology  systems  and all of the designs 

for asphalt  concrete that you use  are  custom-built  jobs. 

You've  got to use nature's  aggregates  and  Mother  Nature is 

fickle  which  means  that  every  one  of  these  may be a  little 

bit different  and  take  a  look  at some of  the  factors  that 

effect  how  an  asphalt  concrete  pavement  is  going  to  perform. 

First  of  course  is  the  aggregate.  Now  we  think  that  the  load 

carrying  capability or the structural capability of an asphalt 

concrete  pavement  rests  primarily  in  the  aggregate or rock 

fraction. I point  this  out  because  we're  going  to ask you 



if you use PlusRide to take  another  look at  the aggregate 

fraction.  Second  is  the  asphalt  cement  itself.  It's  the 

glue  that  holds  the  pavement together; keeps the water  out; 

it's responsible for durability and the  type  and quality of 

the asphalt are critical.  In conventional asphalt rubber, 

there  is a chemical reaction that  takes  place  between  the 

rubber  and  the  asphalt. PlusRide or rubber-filled  asphalt 

concrete is  not  that  dependent on the chemical reaction s o  

its  not  as sensitive to  the asphalt  composition as some of 

the other products are. Third is the  production  of an asphalt 

concrete. You can make or break  a  good  pavement  in  the  produc- 

tion.  If  the production  capabilities  are  not  good  and the 

quality .is not good, the performance of  that  pavement will 

suffer; and the same holds  true for PlusRide or rubber-filled 

asphalt  concrete.  Last is  the  placement: . How do you build 

it? Again, in  this  long  chain  of  events  in  making a .pavement 

perform, placement  can  ruin  the  pavement. Again, this  holds 

true  for.  rubber-filled  asphalt  concrete.  Rubber-filled  asphalt 

concrete or PlusRide  is  essentially  a  gap  grade  asphalt  con- 

crete.  It's  the same  kind of hot mix that you use  in conven- 

tional  except  we do gap grade  the  aggregates.  Take  out  some 

of  the rocks  sizes  and  replace  that  material  with  crumb rubber, 

and  we do this  on  a  volume  basis.  PlusRide  is  the  patent 

tradename for the  material.  Some of the  advantages of using 

PlusRide  as we see it are that it provides some flexing, mate- 

rials  are  more elastic, they  have  more rebound, more  give 

to  them. Second, it does improve fatigue resistance.  It 

has a lower . modulous.  Materials  with lower modulous  have 
" ~ 

a higher S-N ratio.  It  has a greater  ultimate  strain at 



failure. You can  stretch it farther  before it  breaks. 

Finally, it adds  a  toughness to the  mix  that  you  don't  see 
" 

with  conventional  asphalt  concrete.  Last and certainly not 

least  by  any matter, is  the  removal  of  ice.  It's  been  used 

in  northern  climates  and  in  Europe for quite  a  period of  time 

to  help  remove  the  thin  underlayer  of  ice  that  causes  skid 

problems.  Now  it's  not  a guarantee but we have  noticed  that 

in  areas  that  have  been  photographed,  the  areas  with  PlusRide 

won't  have  ice  when  others  do.  This  is  especially  true  in 

terms  of  bridges.  What we are  trying 

is  the same  as  conventional  asphalt 

to the  keys  of  production,  aggregate 

except  that  some  of  the  aggregate  has 

to say is  that PlusRide 

concrete  with  regards 

control, and  placement, 

been  replaced  with  rub- 

ber. In  conventional  asphalt  concrete  large  size  aggregates 

have  intersteces.  These  intersteces  are  filled  with  smaller 

aggregates  and  smaller  and  smaller on down  according to a 

thing  called  a  Fuller's  curve.  Some  of  the  aggregates  have 

been  replaced  with  rubber  granule  particles.  These  provide 

tQe  give  which  gives  the  elasticity  and  the  toughness.  Plus- 

Ride  presently  uses  a  quarter  inch No. ,410 and 20 as  controlled 

sieves  and  normally 3 percent of rubber  by  weight  of  mixture 

is  added, .sixty pounds to the  ton. The  part  that  I  think 

the  contractors  should  be  especially  interested  in are the 

properties of the  PlusRide  aggregates.  The  gap  grading,  does 

require  some  changing  in  the  screens on a  hot  plant or the 

screens  in  the  cold  screen  side.  In order to provide  this 

gap  in  the  quarter  inch  to  No. 4 material that PlusRide  princi- 

pally  consists of. Setting  .of  these  screens  and  gapping  is 

not  that  difficult.  We've  had very good  success  with it  but 

. .  



it is  a key to  the performance of material.  Mixture  design 

procedure for the laboratories  that  are  going  to be working 

with  PlusRide  goes  as  follows: 

Conventional  martial or kneading  compaction can be  used  to 

produce  the  specimans  that  are  used for testing. The criteria 

for a  PlusRide or a  rubber-filled  asphalt  concrete  are  voids 

and filler debitumen ratio, not  stability. The rubber-filled 

asphalt  concrete  mixtures  are  extremely low stability because 

they  give  and flex under  the  load. We're saying  right  now 

that  it probably is  not  a structural material so we are 

thinking of using it in  relatively  thin lips, inch  and  a  half 

to two-inch  lips  in  lieu  of  an  open  graded  friction  course 

or in lieu  of  part  of  the  surfacing  mix. We run a conventional 

density voids analysis on- these  mixtures  and  adjust the  mixes 

to provide the  voids  ratios  that we'll talk  about  in a minute 

and  we use a specific  gravity  of rubber of 1.19 to make  these 

,volume concentrations  and to  set  the voids  content  of  the 

mixture.  Field  procedures  when using rubber-filled  asphalt 

concrete; .are somewhat  different  than conventional asphalt 

concrete.  PlusRide  has  been'  produced  in  both conventional 

batch  plants  as well as  drum  mixtures. The trick  is  if a 

drum  mixture is going  to  be  used  right  now we're recommending 

a split  feed  mixture  with  a  recycled  suit on it so that  the 

rubber  doesn't  burn  in  the  mixer.  Placement  of  PlusRide  is 

somewhat  different  than  the conventional material but does 

not require modifications  of  the  system. The biggest dif- 

ference is, that you cannot use numatic rollers, the rubber 

will stick to  the numatic  rollers so we r o l l  these all a  skim 

and  then second, because  of the compression and sudden rebound 
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of the rubber  particles  in  the mix, it may  need  more  rolling 

than a  -conventional mix, particularly if temparatures  are 

low.  Let's  look  at  some  cost  estimates  that we've worked 

up. I want  to  separate  this  concept  of  cost  estimate  from 

pricing.  Price  is  what you pay for it, cost  is  what  it costs 

you to operate  and  maintain  the  material. If one assumes 

the 145 PCS conventional mix  at 5% percent  asphalt  content 

and for a  like  PlusRide mix, the  thing  that  happens  is  because 

of  the  lower  specific  gravity of rubber  the unit weights  of 

the  rubber-filled  asphalt  concrete  are lowered, which  means 

that  the same  weight  gives you about 5 to 7 to 10 percent 

increased  volume.  In our cost comparisons, we  have  included 

the  increased  volume  of  the same weight  of  material.  In  gene- 

ral, depending on aggregate  and  depending  on  plant  flow  through 

cost  that I calculate at  around  a  dollar  a  ton  to  get the' 

rubber  into  the plant, if you've got  to  hand manually  open 

bags  and  dump it, PlusRide with the royalty will be  about 

14 'to 1.9 times  the  cost  of  a  conventional  mix.  That's  with 

present  costing  and  pricing.  I  think  that  number will go 

down  considerably  as  the  contractors get more  used  to it, 

as  they  get  their  screen  deck set, and as they  find  better 

ways  to  introduce  the material that doesn't  require such labor 

and  intens'ive  work. Last,  we feel that  life-cycle  cost  when 

one  compares not only PlusRide, but any  other  recycled  or 

recovered  resource  has  to  be  looked  at "life-cycle cost" pic- 

ture.  What we  normally do in  this area is  to  take  a  time 

span or a  cost-analysis  period  of  about 40 years, and we are 

presently working up  a  computer  program that will say  what 

all the scenarios  possible for that stretch  of  pavement  are. 



When  am I going  to  overlay  it?  When  am  I  going  to  sealcoat 

it, flushseal it, whatever. Total all of  these with your 

present  first  cost  and  with  an  inflation rate, and  then  find 

out  what your actual first  cost or actual annual cost  of  the 

system  are. At a 10 percent  inflation rate, you're  going 

to  find  that with, two  additional  years  life  out  of the 8 or 

9 year  thing,  you can  afford to pay double down on  the  front 

end. These are based on simple  discounted cash flow analyses. 

I think  it's  something that we have  not  looked  at as deeply 

and  in  as  much detail as we  ought to when one begins  to  look 

at first  cost or first  price.  What ' s  the  standard way right 

now  of  designing  a  rehabilitation  system? I've  got  this  amount 

of  money  and  hot  mix  costs  me  this  much  a  square  yard  and 

that's  my  program. And I  think  that  we  have  to  now  start 

taking  a 1it.tle different  look  at how the  funds  are  expended. 

We've  made some estimates  of  a  projected  market  in  North Caro- 

lina. We've  assumed  about a half a million  tons  of  asphalt 

cement  utilization.  Now 'I know that varies  from  time to 

time. We made a further assumption that 50 percent  of  the 

asphalt  cement  is  used  in  hot  mixes.:  Based  on that,  we said 
. .  

that  there's  about  five  million  tons  of  hot  mixes  used.  That 

says  that you can utilize  about 1500 tons  of rubber per 1 

percent  of  hot  mixes  that use 3 percent rubber annually. 

This  is  market  penetration  based  on a 1 percent penetration, 

if you can  penetrate 2 percent, use 3,000 tons. That's in 

rubber-filled  asphalt  concrete  and  not  in the binders  with 

asphalt  rubber. These numbers certainly can  be  adjusted. 

As we get better  numbers we were. speaking  with  the  asphalt 

institute who couldn't  make it here  to  get a better  set  of 



figures -on asphalt  cement  production  and  hot  mix  production 

in  the  state.  I  think  that  the  Asphalt Pavement  Association 

of North  Carolina  can get you  these  numbers  if  you  want  them. 

Where we get  into  some  other  problems  is  the  unintelligent 

use  of  these  numbers.  If  you  can use it in 1 percent you 

can't go around  assuming that we can  penetrate 100 percent 

of  the  market  because  they  think  the  PlusRide  people,  as well 

as  the  asphalt  rubber  people, will tell you that  there  are 

places  this  can  and  should  be  used  but  there  are  other  places 

that  it  shouldn't.  Now  some  suggestions for some  courses 

of  action  for you, and  these are in  the  form  of  suggestions, 

we  think that some  laboratory  studies  should  be  initiated 

for  familiarization  with  the  local  .materials.  What  are your 

Meal aggregate  characteristics and we know they're  different 

in  North  Carolina  than  they are in  adjacent  areas.  Hopefully 

the DOT laboratories  can  get  familiar  with  these  materials 

and  mix  designs are a  little bit  different.  You  have  to  get 

your  hands  in  these  materials  and  get  them  a  little  dirty. 

We would  then  suggest  that you design  some  modest test sections 

based on these  laboratories  studies,  and  then  construct  some 

test sections  in  highways  and  city  streets  heavily  traveled, 

moderate  and  low  travel  materials  and  then  monitor  the  per- 

formance of these  materials  and  adjust  the  design  procedures 

for  your  own  purposes.  We know that at  North  Carolina  State 

University, Dr. Kosler  has  a  good deal of  experience  with 

paving  materials  and  performance  studies  and I think that 

he  would  be  a  good  one  for  some  modest  efforts  at  the  univer- 

sity  level to  begin  to  familiarize with the  materials,  with 

the  material  as  a  paving  material  and  not  particularly  looking 



at  it- as  a  method to reuse or recycle  wastes.  Based on these 

test sections  and  performance  and I think  most  of  this  can 

be conducted in a year to a year and  a half, establish  some 

procedures  and  specifications  as well as performance figures 

to  put  into your lifecycle  cost studies to  find  out when and 

where  the  materials  should be used and how much can't be used. 

The  establishment  of No. 4 is going to  take  some  period  of 

time. You  cannot  accellerate  testing  of  pavement  materials. 

Almost  every  time  we  try this, we  wind  up  missing  the  estimate. 

So we could  take  some  period to develop  these  lifecycle costs 

and  then last, there  are some specifications  available and 

PlusRide can provide  these for you that are ASTM  format  and 

are  being  voted  at ASTM now.  Let  me quickly review what we've 

talked  about.  PlusRide or rubberfilled  asphalt  concrete is 

the  second  cousin or the  next  generation  materials  along  with 

conventional  hot  mixed  asphalt  concrete  with  the  exception 

that you gap- grade the aggregates to .provide space for the 

rubber  particles. Mixture design  procedure is somewhat dif- 

ferent  and  typical or normal martial or California  methods 

inasmuch  as  stability  is  not  a  criteria.  Stability  and flow 

are not. The  criteria or voids in filler  bitumen  ratio. 

PlusRide  field  procedures  are  not  too  unlike conventional 

asphalt  concrete  with  the  exception that steel wheel rolling 

should  be  used rather than conventional numatics so that  it 

won' t stick and secondly additional  rolling  may be  required. 

Our cost  estimates on the  materials so that  it's going to 

cost you somewhere  between one and a quarter to 1.9 times 

conventional material but  they  should  be  based  on a lifecycle 

costing method. Our projected  market  says 1500 tons  percent 



of the hot  mix  market that can be  penetrated,  can  be  justified 

to use and lastly  there  were  some  courses of action  that  we 

think can be started  immediately  with  modest  funding that 

I think  are  available  at  the  state  level or perhaps  even the 

county  level to  get  on  with  the  production  and  use of this 

material. 



MPEBLT - RUBBER 

Rubber Filled  Esphalt  Concrete 

"PlnsEide" 
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2. Rubber Filled  Bsphalt Cmorete. 

3. PlusBide  mixture Properties. 

4. PlusBide  mixtrrre  Design. 

5, Plusliide . Field  Procedures, 

6. Cost Estimates. 

7. Projected  market. 

8. Suggested  Crmrse(s) of Bctian. 
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ESPHRLT COIICBETE 

1- Desipad mixtnre of Graded Rggregates, 

Rsphalt, and modifiers. 

2. Factors : 

R. Rggregate - - - ramies Loads. 
Type and mantitg Critical. 

B. flsphalt - - - Cement,  .Durabilits. 
. ' ispe and Quantitg  Critical. 

C. Pmductitm. 

D, Placement. . 

Dsk RDP 68 (86- 1326) 



RUBBER  FILLED RSPEflLT COnCRETE 

1 . 6ap liraded  Bsphalt  Concrete  Filled  With 
Elastomeris  flggregates (Crumb Rubber). 

2. "PlusEide'  (Patented). 

3. Rubber Imparts Elasticitu ar 'fiive'. 

8. Claims : 

'Flexing' b i d e s  : 

Improved Fatigue  Resistance. 

Greater  Ultimate Strain at Faihre 
far Improved Beflectim Crack Control. 

'Tmghness'. 

Ice  Removal Bid. 
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RUBBER FILLED 
ASPHALT CONCRETE 

Dsk RDP 68 (36-1 326) 
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PLUSRIDE  mIXTURE  PROPERTIES 

3 Percent Rubber bg Weight of mixtnre (60 Lb. 
Bag of Rubber Per Ton of mix). 

Rubber Gradation : 



Bygreyate liradatims (Without Rubber): 
\ 

Sieve PB-8 PB- 12 PB- 16 

3/4" 100  100 100 
WE" 100  100 0 

3/8' 100 60-80 50-62 

1 /4' 60-80 30-44 30-44 
no. 10 23-38 20-32 20-32 
no. 30 15-27 13-25 12-23 

no. 200 8-12 8-12 7-1 1 

Voids Filled With Rubber and  Fillar. Bdjust to 
204% Voids With F/B +/- 1 -0-1.2. 



PLUSRIDE  IIlIXTIIRE  DESI6II 

1.  Illarshall and Kneading  Compaction 
Procedures  modified  to  Rccomodate 
Rubber. 

2. Voids and Filler/Bitumen Ratio (not 
Stability) are Criteria- 

3. Conventional  Density-Voids RnalIsis With 
lubber Specific  6ravitg = 1 . 19. 

Drk RDP 68 (86- 1326) 



PLUSRIDE FIELD PROCEDURES 

1 . Production. 

PlusRide  Has Bean Produced in 
Canventianal  Batch  and Drum mixm. 

2. Placement. 

Cannot Use Rubber Tired Rollers Because 
Rubber Sticks. 

Bdditianal  Rolling mag be Ilecessaq to 
Compensate for Rubber Compression and 
Rebound. 



COST ESTImETES 

1 - Bssume Cmventimal mix at 145 pcf, 5.5% 
B.C. 

PlusBide at 135 pcf (approX. 5% Volume 
Increase), 7% E.C. 

2. PlusEide  With  Bogaltg Will Be 1.25 to 119 
Times "he Cost of Conventional mixtures. 

3. Life Cgcle Costs Shmld be Crmsidered for 
' the Local Situatirm. 

Dsk  RDP 68 (86-1326) 
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PROJECTED IUBRKET(S). 

1. Rssume h u a l  Bsphalt  Cement  U.tilizatirm 
at 550,000 Tms (llurth Carolina). 

2. flssume 50% of Bsphalt Used in Hot mixes 
With Rpproximately 5,000,000 Tons of Hot 
mix Produced. 

3. Elppmcimatelg 1500 Tons of Rubber can be 
Used If 1% of Hot IIlixes Use 3% Rubber. 

. ( 1500 Tons Rubber Per 1% of Hot mix 
marhet Penetration). 

.. 

Dsk  RDP 68 (86- 1326) 



SOmE SU66ESTIDIlS 

1, Initiate Labmgtmg  Studies far 
Familiarhatian  With Local materials 
(flggregates and Eubber). 

2. Design Test Sections Eased MI L a h m t q  
Studies, 

3. Construct modest  Test Sections. (Highmays 
and City Streets). 

4. Establish Procedures (Specificatians) and 
~ Life Cycle Costs, 

DSk RDP 68  (86- 1326) 
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FINAL REPORT 

THE EV LUATION OF RUBBER ASPHALT  SURFACE a 
FATIGUE  CRACK 

OVERLAY CONSTRUCT10 

Prepared i n  With 
U. S .  Depart 
Federal  High 
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