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1 . 1  O b j e c t i v e  

T h i s  r e p o r t  documents t h e  c o n s t r u c t i o n  phase o f  a s t u d y  

des igned  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  a cold-mixed i n -  

p l a c e  r e c y c l i n g  process f o r  r e u s i n g  e x i s t i n g  b i tum inous  

pavement m a t e r i a l s .  

I . 2  Background 

R e h a b i l i t a t i o n  o f  our highway sysrem i s  c o s t l y .  t i m e  

consuming, m a t e r i a l  and energy i n t e n s i v e .  Within t h e  l a s t  

t e n  y e a r s ,  r e c y c l i n g  o f  e x i s t i n g  pavement m a t e r i a l  has 

emerged as a v i a b l e  a l t e r n a t i v e  t o  c o n v e n t i o n a l  

r e h a b i l i t a t i o n  techn iques .  The b e n e f i t s  o f  r e c y c l i n g  i n c l u d e  

l o w e r  c o s t s ,  c o n s e r v a t i o n  o f  aggregates,  b i n d e r s ,  and energy,  

ana p r e s e r v a t i o n  o f  t h e  e x i s t i n g  roadway cross s e c t i o n s .  

I n  New Je rsey ,  a s p h a l t  pavements a r e  c u r r e n t l y  r e c y c l e d  

by c o l d  m i l l i n g  t h e  t o p  few inches  o f  roadway, t a k i n g  t h e  

m i l l e d  m a t e r i a l  t o  an a s p h a l t  p l a n t ,  and m i x i n g  t h i s  m a t e r i a l  

w i t h  v i r g i n  aggregate and a s p h a l t  c r e a t i n g  a hot-mixed 

p r o d u c t .  Under c e r t a i n  c o n d i t i o n s ,  UP t o  50% o f  t h e  

a g g r e g a t e  i n  a b i tum inous  m ix  cun be r e c y c l e d  materials. 

W h i l e  t h i s  method o f  r e c y c l i n g  pavements p r o v i d e s  c o s t  

advantages ove r  u s i n g  a l l  v i r g i n  m a t e r i a l s ,  t r a n s p o r t i n g  t h e  

m a t e r i a l  t o  a hot -mix  p l a n t  and h e a t i n g  and m i x i n g  t n e  

- e c y c i e o  m e t e r i a - [  a i m i n i s h e s  t h e  o o t e m , t ~ a l  s a v i n g s .  

1 



Another method o f  recyc ’ i ng  aspha i t  pavements i s  th rough 

t n e  use o? a cold-mixed, in-Dlace r e c y c l i n g  opera t ion .  

Al tnougn t h i s  process has n o t  been used i n  New Jersey,  

r e p o r t s  f rom o ther  s t a t e s  a r e  promis ing.  The a v a i l a b l e  

l i t e r a t u r e  i n d i c a t e s  t h a t  c o l d  r e c y c l i n g  may be a successfu l  

a l t e r n a t i v e  f o r  t h e  r e c o n s t r u c t i o n  and r e h a b i l i t a t i o n  o f  

lower volume roads, and perhaps f o r  shoulder r e h a b i l i t a t i o n  

of h i  g her volume roadways. 

I n  t h e  c o l d  r e c y c l i n g  process under cons ide ra t i on ,  a 

t h r e e  u n i t  t r a i n  which cons is t s  o f  a m i l l i n g  machine which 

pushes an emulsion tanker  and p u l l s  a convent iona l  aspha7t 

paver i s  used. The m i l l i n g  machine g r i n d s  o f f  t h e  e x i s t i n g  

b i tuminous pavement and a p o r t i o n  o f  t h e  base m a t e r i a l .  Th i s  

m i x t u r e  i s  f e d  i n t o  a hopper where a aspha l t  emulsion i s  

added f rom t h e  tanker .  A f t e r  thorough mlx ing  t h e  m a t e r i a l  i s  

conveyed t o  t h e  paver, and l a i d  i n  a normal paving opera t i on .  

Fo l l ow ing  t h e  paving opera t ion .  a v i b r a t o r y  r o l l e r  i s  used 

f o r  i n t i a l  compaction, w i t h  a rubber t i r e  r o l l e r  used f o r  

f i n i s h i n g .  

One o f  t h e  c la imed advantages o f  t h i s  process i s  t h a t  

t r a f f i c  can be pe rm i t ted  on t h e  pavement immediately 

f o l l o w i n g  proper compaction. The recyc led  m a t e r i a l  i s  then 

u t i l i z e d  as a base course w i t h  a r e l a t i v e l y  t h i n  v i r g i n  

aggregate hot-mixed l a y e r  ( 2 - 3  inches)  p laced on t o p  as a 

wearing course. 
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. : .  3 P r o j e c t  Oescr i  ~ c i o n  

The c o l d  r e c y c l i n g  process s e l e c t e d  f o r  e v a l u a t i o n .  w a s  

per formed on Buckshutem Road, ( c o u n t y  road 6'70) i n  Cumberland 

County,  New J e r s e y .  T h i s  s i x  m i l e  s e c t i o n  o f  roadway beg ins  

a t  coun ty  r o u t e  6 2 5  (Hogbin Road) and ends a t  c o u n t y  road  

6 3 8 .  ( F i g u r e  1 j 

T h i s  p rocess ,  used s u c c e s s f u l l y  i n  o t h e r  s t a t e s ,  was 

t r i e d  in New Je rsey  p r i m a r i l y  due t o  t h e  enthus iasm of t h e  

Cumberland County Engineer  and t h e  i n t e r e s t  f rom NJDUT 

pe rsonne l .  The road chosen i s  l i g h t l y  t rave7ed ,  r e 7 a t i v e l y  

s t r a i g h t ,  w i t h  no  major  o b s t r u c t i o n s  l i k e  manholes o r  i n l e t s ,  

,3174 l i t t l e  r e c o n s t r u c t i o n  was necessary t o  conform t h e  road  

t o  c u r r e n t  A A S H T O  geomet r i c  s tandards .  A l s c  t h e  g e o g r a p h i c a l  

l o c a t i o n  o f  8uckshutem road was such, t h a t  d e t o u r s  were v e r y  

l o n g  ( a v e r a g i n g  10 m i l e s )  and i m p r a c t i c a l .  T h i s  process 

a l l o w e d  t h e  road  t o  remain open t o  t r a f f i c  d u r i n g  

c o n s t r u c t i o n ;  a f e a t  n o t  p o s s i b l e  u s i n g  c o n v e n t i o n a l  methods. 

.The e x p e r i m e n t a l  Cold R e c y c l i n g  s e c t i o n  i s  7ocated between 

s t a t i o n s  405+00 and 1 2 2 + 0 0 .  The c o n t r o l  s e c t i o n ,  which was 

c o n s t r u c t e d  c o n v e n t i o n a l 7 y  and used i n  subsequent performance 

e v a l u a t i o n s ,  i s  l o c a t e d  between s t a t i o n s  122+00 and 133+00. 
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STATION 405+00 

FIGURE-1 PROJECT LOCATION 
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PART TWO: PAVEMENT DESIGN 

2 . 1  C l i m a t e  

The c l i m a t e  i n  t h e  v i c i n i t y  o f  t h e  p r o j e c t  i s  r e l a t i v e l y  

m i l d ,  b e i n g  moderated by t h e  Appalachian Mountains t o  t h e  

west and t h e  A t l a n t i c  Ocean t o  t h e  e a s t .  

'Temperatures below 0 and above 1 0 0  degrees Fahrenhe i t  

a r e  r a r e .  The average t e m p e r a t u r e  range i n  August i s  between 

8 3  and 6 5  degrees F a h r e n h e i t .  I n  September, between '7 '7 and 

5 8  and i n  October between 6 6  and 4 4 .  

Average p r e c i p i t a t i o n  i s  about  4 i nches  i n  August, 2 . 5  

:riches i n  September, and 1 . 5  i nches  i n  Uc tober .  

S n o w f a l l  occu rs  i n f r e q u e n t l y  and n o t  b e f o r e  e a r l y  November-. 

2 . 2  Design T r a f f i c  Data 

I'he averaqe d a i l y  t r a f f i c  ( two  way A D T >  used f o r  t h e  

saveinent d e s i g n  i s  as f o l l o w s :  

Y E A R  V U L U M ~  ( v P D j  

1 9 8 4  1 8 2 0  

2 0 0 4  2 8 4 0  

The a n t i c i p a t e d  t r u c k  volume i s  3% 
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2 . 3  Roadway Geometry 

The o r i g i n a l  roadway cons is ted  o f  two 1 2  f o o t  lanes and 

5 t o  6 f o o t  g rave l  shoulders.  

Photo st1 O r i g i n a l  Cond i t i on  o f  Roadway 

The recons t ruc ted  roadway was designed t o  i n c l u d e  a 2 f o o t  

l a n e  i n  each d i r e c t i o n  w i t h  8 f o o t  o u t s i d e  shoulders The 

c rossec t i on  shown i n  F igu re  2 c o n s i s t s  o f  a s i x  i n c h  c o l d  

recyc led  bi tuminous s t a b i  1 i z e d  base course topped by a two 

i n c h  bi tuminous concre te  wearing course on a g rave l  base. 

The c o n t r o l  s e c t i o n  shown i n  F i g u r e  3 c o n s i s t s  o f  t h r e e  

inches of b i tuminous s t a b i l i z e d  base course and a two i n c h  

b i tuminous concre te  wearing course on a g rave l  base. 
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2 . 4  P r e l i m i n a r y  I n v e s t i g a t i o n  

The p l a n s ,  s p e c i f i c a t i o n s ,  and c o s t  es t imates  f o r  t h e  

p r o j e c t  were prepared by t h e  Cumberland County Engineer w i t h  

t e c h n i c a l  a s s i s t a n c e  f r o m  t h e  New Jersey  Department o f  

T r a n s p o r t a t i o n .  

A c o n d i t i o n  survey was performed document i ng t h e  

c o n d i t i o n s  o f  t h e  roadway b e f o r e  r e c y c l i n g .  

Photo 8 2  A l l i g a t o r  Cracking i n  O r i g i n a l  Roadway 
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Photo tS3 A l l i g a t o r  Crack ing i n  O r i g i n a l  Roadway 

Photographs o f  t h e  roadway su r face  were taken, t h e  

c o n t r o l  s e c t i o n  and t h e  areas where non-des t ruc t i ve  

d e f l e c t i o n  measurements were made were i d e n t i f i e d .  These 

measurements were taken by means o f  a Benkelmen Beam t o  

compare w i t h  post c o n s t r u c t i o n  da ta  c o l l e c t e d .  

2 . 4 . 1  Mix Design Procedure 

The mix design f o r  t h e  c o l d  r e c y c l i n g  o f  Buckshutem road 

was done by Asphal t  Technology I n c .  ( a s i b s i d i a r y  o f  t h e  

a s p h a l t  s u p p l i e r ) ,  and v e r i f i e d  by t h e  M a t e r i a l s  and Research 

D i v i s i o n s  o f  t h e  NJDOT.  The o r i g i n a l  concept was t o  i n c l u d e  

a p o r t i o n  o f  t h e  base m a t e r i a l  a long w i t h  t h e  bi tuminous 

su r face  course.  According to t h e  Recyc l ing  Sub-contractor,  

t h i s  combinat ion was poss ib le ;  t h e r e f o r e ,  t h e  mix design 

i nc luded  a p o r t i o n  o f  t h i s  m a t e r i a l .  

10 



Cores were t a k e n  every m i l e  by r e p r e s e n t a t i v e s  o f  Aspha l t  

Technology I n c .  t o  o b t a i n  a c r o s s e c t i o n  o f  t h e  m a t e r i a l  t h a t  

e x i s t e d  t h r o u g h o u t  t h e  p r o j e c t .  

These c o r e s  were crushed, s i m u l a t i n g  f i e l d  o p e r a t i o n s ,  and 

s u b j e c t e d  t o  t h e  f o l l o w i n g  AASHTO s tandard  t e s t s :  

* T-27 Grada t ion  

* T-49 P e n e t r a t i o n  

* T-99 M o i s t u r e  D e n s i t y  r e l a t i o n s h i p  

* T-170 Abson Recovery 

* T - 1 6 4  E x t r a c t i o n  

* T-202  V i s c o s i t y  

To o b t a i n  a r e p r e s e n t a t i v e  sample o f  t h e  e n t i r e  p r o j e c t ,  t h e  

crushed co res  were grouped i n  t h r e e ' s  and combined w i t h  4 %  

a s p h a l t  and 4 %  wate r .  M a r s h a l l  p lugs  were made f rom t h i s  

m i x t u r e  and t e s t e d  f o r  s t a b i l i t y ,  f l o w ,  and a i r  v o i d s .  

2 . 4 . 2  I n i t i a l  Benkelmen Beam Data 

t j e f o r e  t h e  r e c y c l i n g  begap, Benkelmen Beam d e f l e c t i o n  

measurements were taken a long  Buckshutem road,  i n  o r d e r  t o  

o b t a i n  a e s t i m a t e  o f  e x i s t i n g  pavement and subqrade s t r e n g t h .  

These d e f l e c t i o n  read ings  were taken  so t h a t  comparison c o u l d  

be made w i t h  measurements t a k e n  a f t e r  c o n s t r u c t i o n .  

D e f i e c t i o n s  were determined f rom t h e  we igh t  o f  a dump 

t r u c k  loaded w i t h  1 8 , 0 0 0  pounds on t h e  r e a r  a x l e  a t  7oca t ions  

0 ,  2 0 ,  and 4 0  inches f rom t h e  apparatus Drobe. 

11 



Photo 84 Benkelmen Beam Measurement 

These read ings  e s t a b l i s h e d  a r e p r e s e n t a t i v e  d e f l e c t i o n  b a s i n  

o f  t h e  pavement and subgrade. 

A t o t a l  of 2 6  d e f l e c t i o n  read ings  were taken  i n  each 

d i r e c t i o n  a t  1 0 0  f o o t  i n t e r v a l s  between s t a t i o n s  1 0 8  and 1 3 3 .  

The r e c y c l e d  s e c t i o n  was l o c a t e d  between s t a t i o n s  1 0 8  and 1 2 2  

w i t h  t h e  c o n t r o l  s e c t i o n  f r o m  s t a t i o n s  1 2 2  t o  1 3 3 .  

A s t a t i s t i c a l  a n a l y s i s  o f  t h e  o r i g i n a l  d e f l e c t i o n  

read ings  f o l  1 o w :  
Range 

Average (x10-3 i n . )  Standard D e v i a t i o n  h i g h  low 

dO 2 2 . 9  5 . 4  3 4  11.5 

d20  

d4 0 

6.8 

2 . 7  

2 . 6  

1 . 5  

1 4  2 

5 0 

The a n a l y s i s  o f  t h i s  da ta  i n d i c a t e s  t h a t  t h e  subgrade of 

Buckshutem road i s  s t r o n g  and t h e  pavement weak. 
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This c h a r a c t e r i z a t i o n  agrees w i t h  a v i s u a l  i n s p e c t i o n  o f  t h e  

e x i s t i n g  pavement, cons ider ing  t h e  s t rong  g r a v e l  foundat ion  

s o i l ,  and t h e  patched and cracked two i n c h  a s p h a l t  pavement. 
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PART THREE: CONSTRUCTION 

3 . 1  Background 

The c o n s t r u c t i o n  c o n t r a c t  was awarded t o  South S t a t e  

C o n t r a c t i n g  Company I n c o r p o r a t e d  o f  B r idge ton ,  New Je rsey ,  i n  

A p r i l  1 9 8 6 .  South S t a t e  secured E. J .  Breneman I n c o r p o r a t e d  

o f  S i n k i n g  S p r i n g ,  Pennsylvania,  as a s u b c o n t r a c t o r  t o  

conduct  t h e  c o l d  r e c y c l i n g  process.  The Aspha l t  Emulsion 

used i n  t h e  c o l d  r e c y c l i n g  process was s u p p l i e d  by West Bank 

O i l  Company I n c o r p o r a t e d  o f  Pennsauken, New Je rsey .  

The c o l d  r e c y c l i n g  process used a Barco 800  m i l l i n g  

machine w i t h  a 1 2  f o o t  c u t t i n g  head. 

Photo # 5  M i l l i n g  Apparatus 
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This  machine was s e l f  p rope l l ed  w i t h  v a r i a b l e  ope ra t i ng  

speeds and capable o f  removing t h e  b i tuminous concre te  and 

subbase up t o  a depth o f  e i g h t  inches.  The machine was 

equipped w i t h  an automat ic grade c o n t r o l  which ran  o f f  a 

s t r i n g l i n e ,  and was capable o f  c o n t r o l l i n g  p a r t i c l e  s i z e  o f  

t h e  m i  1 l e d  bi tuminous concrete/base m a t e r i a l  t o  meet t h e  

g rada t ion  requirements.  

The re juvena t ing  o i l  (Asphal t  Emulsion CSS-l), which was 

kept  i n  a tanker  w i t h  a capac i t y  o f  4,000 g a l l o n s  was added 

t o  t h e  m i l l e d  m a t e r i a l .  

Photo # 6  Emulsion Storage Tanker i n  Recyc l ing T ra in  
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The tanker had the capability of metering the emulsion up 

t o  a 5% deviation from the required specification. The 

recycled material was placed by a Blowknox paver and rolled 

with a Oynapac static/vibrating roller t o  95% compaction. 

Photo 87 Breakdown Rolling 

The equipment was coupled in a train configuration and 

proceeds by : 

* the milling machine cuts approximately six inches o f  

the roadway material. The top 2-3 inches is 

bituminous concrete and t h e  remainder base material. 

* the milled material is collected in the downcutting 

milling mandrel where it is blended with emulsified 

asphalt stored in the tank truck. 

16 



Photo 8 8  Down Cutting Milling Mandrel 

* t h e  mixed material then travels by means o f  a 

conveyer t o  t h e  paver where it is laid back to its 

original position. 

Photo $19 Conveying Blended Material t o  Paver 



Photo 8 1 0  Paving w i t h  t h e  Recycled M a t e r i a l  

* a v i b r a t o r y  r o l l e r  which makes t h e  passes necessary 

t o  ach ieve  9 5 %  compaction immediate ly  follows. 

Photo # I 1  Compacticn w i t h  V i b r a t i n g  R o l l e r  
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* a two i n c h  wear ing cou rse  i s  c o n v e n t i o n a l l y  a p p l i e d  

when t h e  r e c y c l e d  p o r t i o n  i s  p r o p e r l y  c u r e d .  

A t e s t  s t r i p  of about 5 0 0  square ya rds  was c o n s t r u c t e d  

on August 25 1 9 8 6 .  T h i s  s t r i p  was used t o  de te rm ine  t h e  

machine and drum speeds o f  o p e r a t i o n  which produced t h e  

a roper  s u r f a c e  t e x t u r e  t o  d e t e r m i n e  t h e  c u t t i n g  d e p t h  

r e q u i r e d  t o  remove r u t s  and t r a n s v e r s e  c o r r u g a t i o n s .  The 

m i l l i n g  o p e r a t i o n  began when t h e  above c r i t e r i a  were 

e s t a b l i s h e d  and approved. The e n t i r e  o p e r a t i o n  was conducted 

by f o u r  peop le .  One o p e r a t o r  each f o r  t h e  m i l l i n g  machine, 

compactor ,  and paver ,  and a foreman c o o r d i n a t i n g  t h e  

o p e r a t i o n .  

3 . 2  Weather Cjata 

rhe c o l d  r e c y c l i n g  process began on August 2 5 t h  a n d  

c o n t i n u e d  u n t i l  September 5 ,  1 9 8 6 .  Du r ing  these  two weeks 

r h e  weather c o n d i t i o n s  were n o t  t y p i c a l  o f  l a t e  Summer, j r >  

s o u t h e r n  New J e r s e y .  I n s t e a d  o f  warm sunny c o n d i t i o n s ,  the 

o e r i o d  c o n s i s t e d  o f  below average temperatures w i t h  h i g h  

r e i a t i v e  h u m i d i t i e s .  Rain was l i g h t  t o  heavy, and s k y  

c o n d i t i o n s  were p redominan t l y  c l o u d y  w i t h  l i t t l e  sunsh ine .  

The average temperatures d u r i n g  t h e  o p e r a t i o n  ranged f rom a 

n i g h  o f  '76 t o  a low o f  5 8  degrees Fahrenhe i t  w i t h  h u m i d i t i e s  

r a n g i n g  f r o m  a h i g h  o f  88 t o  a low o f  5 0 % .  

A como le te  d e s c r i p t i o n  o f  t h e  weather c o n d i t i o n s  d u r i n q  t n i s  

o e r i o d  i s  l o c a t e d  i n  Appendix A .  
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3 . 3  Q u a l i t y  Cont ro l  

As noted t h e  r e c y c l i n g  opera t i on  began on Monday August 

2 5 ,  1986  w i t h  a t e s t  s t r i p  approx imate ly  1 2  f e e t  wide and 400  

f e e t  long.  I t s  f u n c t i o n  was t o  determine t h e  machine drum 

speeds needed t o  produce t h e  proper su r face  t e x t u r e  and t h e  

c u t t i n g  depth r e q u i r e d  to remove r u t s  and t ransverse  

c o r r u g a t i o n s .  

Nuclear d e n s i t y  measurements were made us ing  a T rox le r  

t h i n  l i f t  gauge f o l l o w i n g  AASHTO T-238 method 8. These t e s t s  

were made a f t e r  each pass of t h e  compaction equipment u n t i l  

no apprec iab le  inc rease i n  d e n s i t y  was obta ined by add l t iona7 

passes. 

Photo lt 12  Nuclear Dens i ty  Measurement 
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Joon complet ion of t h e  opera t ion ,  t e n  t e s t s  were made a t  

random l o c a t i o n s  t o  determine an average in -p lace  d e n s i t y  o f  

t h e  t e s t  s t r i p .  The subsequent c o n s t r u c t i o n  o f  t h e  recyc led  

pavement was t o  be compacted t o  a t  l e a s t  96% o f  t h e  average 

va lue  ob ta ined from t h e  t e s t  s t r i p .  Samples o f  t h e  emulsion 

(CSS-1)  were taken and t h e  Saybol t  V i s c o s i t y  a t  7 7  degrees 

Fahrenhe i t  was determined i n  t h e  l a b o r a t o r y .  F i n a l l y ,  du r ing  

t h e  opera t i on ,  t h e  amount o f  t h e  emulsion added t o  t h e  

m a t e r i a l  was measured and ad jus ted  t o  o b t a i n  t h e  proper m i x  

cons is tency .  

3 . 4  Laboratory  Analys is  of t h e  Recycled M a t e r i a l  

The Cold Recycled m a t e r i a l  was sampled a t  var ious  

i n t e r v a l s  and taken t o  t h e  l a b o r a t o r y  f o r  ana lys i s .  The 

l o c a t i o n s  o f  t h e  t e s t i n g  throughout t h e  p r o j e c t  was 

determined by s e t t i n g  up l o t s  of 1 0 0 0  square yards and t a k i n g  

one sample every t h i r d  l o t .  A diagram o f  t h e  t e s t i n g  p lan  

w i t h  d e n s i t i e s  of each l o t  and l o c a t i o n s  o f  t h e  samples taken 

a r e  shown i n  F igu re  4 .  Th is  sampling was adhered t o  w i t h  t h e  

excep t ion  o f  l o t  818 which was n o t  sampled due t o  t h e  r a i n y  

weather and l o t  8 2 0  where an a d d i t i o n a l  sample was taken. 

The samples obta ined were subjected t o  the f o l l o w i n g  t e s t s .  
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l o t # 7  l o t # 8  
(96.4) (94 .O) 

(98.1) (99.0) 0 
lot#Y l o t # l O  
00 370+00 362 

0 Saiiiple Taken f o r  E x t r a c t i o n  and Marshall Plugs 

Sa111p1c 'rake11 for Ex t rac t ion  Only 

11 I:iitl of Construct ion 

Dens i t i e s  of  each l o t  i n  Pa ren thes i s  

FIGURE 4 - SAMPLE ILKATION DIAGRAM 
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G r a a a t i o n  ' r -27 * V i s c o s i t y  T - 2 0 2  

*( M o i s t u r e  D e n s i t y  T - S 9  * P e n e t r a t i o n  T - 4 9  

x. V a r s n a l i  S t a D i I i t y  ana Flow T-2U5  * R e s i l i e n t  Modu7us 

* Percen t  A i r  Voids D-3203 * S p l i t  T e n s i l  

* E x t r a c t i o n  T - 1 6 4  

* Abson Recovery T -170  

I n  a a d i t i o n  two e x t r a  samples were t a k e n  f o r  e x t r a c t i o r s  

o n l y  ( F i g u r e  4). A n  average was computed of t h e  e i g h t  

r e g u l a r  samples. Two of t h e s e  e i g h t  samples ( L o t  # 1 5  & 2 0 )  

were f r o m  e x c a v a t i o n  a reas  ( a r e a s  where no r e c y c l e d  a s p h a l t  

pavement m a t e r i a l  was mixed w i t h  base m a t e r i a l ) .  

The r e s u l t s  o f  t 7 e  1 a b o r a t o r y  a n a l y s i s  per formed on t n e  

samples t a k e n  i n  t h e  f i e l d  i n d i c a t e d  no problems w i t h  t h e  

m i x .  A l l  samples were w e l l  graded and produced a c c e p t a b l e  

s t a b i l i t i e s  (Appendix 8 ) .  However, d u r i n g  c o n s t r u c t i o n  t h e  

weather was damp and o v e r c a s t  w i t h  r a i n ,  wh ich  d i d  n o t  

p rcvsae  t h e  necessary c o n d i t i o n s  f c r  c u r i n g  o f  t h e  r e c y c l e d  

m a t e r i a l .  T h e r e f o r e  :Ie necessary v e h i c l e  s u p p o r r t  s t r e n g t , -  

w a s  n o t  ach ieved  and r u t t i n g  and r a v e l i n g  o f  t h e  m a t e r i a ?  

o c c u r r e d .  
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PART FOUR: POST CONSTRUCTION EVALUATION 

4 . 1  Benkelmen Beam Data 

Cons t ruc t i on  was h a l t e d  on September 5 1986,  a f t e r  

, approx imate ly  1 .5  m i l es  had been completed due t o  t h e  

f o l  1 owing problems: 

* The r e c y c l i n g  opera t i on  was no t  ab le  t o  p rov ide  t h e  

r e q u i r e d  t ransverse  p r o f i l e s .  ( 2 %  main l ine ,  6% 

shoulders,  p lus  or minus a qua r te r  i nch )  

* The c o l d  recyc led  m a t e r i a l  d i d  n o t  achieve t h e  

necessary vehic’ le support  s t r e n g t h  f o r  days 

n e c e s s i t a t i n g  c l o s i n g  t h e  road t o  a l l  bu t  l o c a l  

t r a f f i c .  Photo 8 1 3  shows t i r e  impressions i n  t h e  

completed m a t e r i a l  and photo 814 shows a l l i g a t o r  

c rack ing  and r a v e l i n g  which w a s  an i n d i c a t i o n  o f  t h e  

v a r i a b i l i t y  o f  t h e  m a t e r i a l .  
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Photo 813 Tire Impressions in Uncured Recycled Material 

Photo 8 1 4  Raveling and Alligator Cracking 
o f  Recyc ? ed Ma ter i a 1 
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eenkelmen beam measurements were naae and compared t o  

D r e - c o n s t r u c t i o n  measurements t a k e n  b e f o r e  t h e  p r o J e c t  beqan. 

The average maximum measured d e f l e c t i o n  b e f o r e  c o n s t r u c t i o n  

w a s  I 9  m i l s .  A f t e r  c o n s t r u c t i o n ,  w i t h  4 i nches  o f  h o t  

B i t u m i n o u s  s u r f a c e  cour5e on t o p  o f  t h e  r e c y c l e d  m a t e r i a l ,  

t n e  ave rage  maximum measured d e f 7 e c t i o n  was 20  m i l s .  

, 

These r e s u l t s ,  summarized i n  t a b l e s  1 and 2 ,  show a 

aec rease  i n  s t r e n g t h  o f  t h e  r e c y c l e d  s e c t i o n .  and t h e  

v a r i a b i l i t y  o f  t h e  m a t e r i a l  - 

T 'ABLE 1 

BENKELMEN BEAM MEASUREMENTS 

Dates 1 1 - 1 9 - 8 5  and 5 - 1 3 - 8 6  

u = '19 

"I- = 3 . 9 

N = 5 2  

L! = I-he average maximum measured d e f l e c t i o n  
i n  1 0 0 0  t h s  o f  an i n c h  

= S tandard  D e v i a t i o n  
= Readings Taken 
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TABLE 2 
BENKELMEN BEAM MEASUREMENTS 

Post-Const-ruction 

S t a t i o n  3 9 5  t o  4 0 0  

D a t e  10-16-86 * 6-11-87 ** 
Eastbound D = 1 7  

T = 1 . 9  
N = 6  

Westbound D = 1 5 . 5  
T = 4 . 4  
N = 6  

Eastbound D = 1 4 . 3  
T = 4 . 6  
N = 5  

Westbound D = 1 1 . 7  
T = 5 . 4  
N = 5  

S t a t i o n  3 2 7  t o  3 3 1  

S t a t i o n  3 0 0  to 3 1 0  

Eastbound D = 2 3  
T = 3 . 0  
N = 8  

Westbound D = 2 3  
T = 3 . 5  
N = 1 0  

D = 2 1  
T = 1 . 5  
N = 6  

0 = 1 5 . 5  
T = 2 . 5  
N = 6  

D = 2 1 . 5  
T = 4 . 0  
N = 5  

D = 2 1  
T = 2 . 5  
N = 5  

D = 2 0  
T = 3 . 0  
N = 1 1  

D = 19 
T = 5 . 0  
N = 1 1  

* Measurements made on Cold Recycled M a t e r i a l  

** Measurements made w i t h  4 inches o f  H o t  eituminous Surface 
Course on top o f  Recycled M a t e r i a l  

U = The average maximum measured d e f l e c t i o n  

'r = Standara 2 e v i a t i o n  
N = Heaaings Taken 

i n  1 0 0 0  t ~ s  o f  an i n c h  
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4.2 Resilient Modulus Data 

T h e  Resilient Modulus test is a non-destructlve test 

which measures the deformation/resiliency of a specimen. The 

operating principle consists o f  loading a cylindrical sample 

(2 1/2 inch thick by 4 inch dtameter) across i t s  vertical 

diametral axis, and measuring the subsequent deformation 

across its horizontal diametral axis. The loading is 

measured in pounds and the deformation in inches. The 

results are then correlated using the fol7owing equation, to 

yield a number which is the resilient modulus number of that 

sarnp-le. 

MI? (psi) = fxk 
h 

where h = deformation (microinch) 
k = M + 0.2734/thickness 
f = load (lbs) 
M = Poissons Ratio 

The higher the resilient modulus number the stiffer or less 

resilient the mix, and the lower the resilient modulus number 

the softer or more resilient. 
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T h i s  t ype  of t e s t i n g  done on Buckshutem Road was 

performed on ; 

* the  Marshal l  samples made w i t h  t h e  c o l d  recyc led  

m a t e r i a l  d u r i n g  c o n s t r u c t i o n  (see sec.3.4). 

* the  cores taken o f  t h e  roadway a t  t h e  complet ion o f  

cons t ruc t i on .  

* the  cores taken o f  t h e  roadway 10 months a f t e r  

c o n s t r u c t i o n  ended. 

*. the  cores taken o f  t h e  roadway one and one-hal f  

years a f t e r  c o n s t r u c t i o n  ended. 

The average values obta ined on t h e  Marsha l l  p lugs made 

d u r i n g  c o n s t r u c t i o n  were 200,000 P S I  i n  one day and 525 ,000  

P S I  i n  7 days. (Typ ica l  MI? va lue  f o r  Bi tuminous Concrete i s  

3 5 0 , 0 0 0  t o  400 ,000  p s i ) .  

Approximately one month a f t e r  c o n s t r u c t i o n  t h e  s i x  cores 

taken y i e l d e d  an average 250,000 P S I ,  a t  t e n  months averaged 

4 5 7 . 0 0 0  P S I ,  and a t  one and one-hal f  years averaged 777 ,000  

P S I .  These r e s u l t s  were averaged and a r e  g r a p h i c a l l y  

dep ic ted  i n  F igure  5 which shows t h e  Marsha l l  p lugs and 

F i g u r e  6 which shows t h e  co re  data.  
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PART FIVE: CONCLUSIONS A N D  KEC3MMENDATIONS 

5 . 1  Conclusions 

The c o l d  r e c y c l i n g  process used on Buckshutem road i n  

Cumberland County, New Jersey was stopped on September 5 t h .  

1 9 8 6  when t h e  des i red  e f f e c t s  c o u l d  n o t  be achieved. The 

f o l l o w i n g  conclus ions a r e  o f f e r e d :  

1 j The r e c y c l i n g  work at tempted on t h i s  p r o j e c t  was o v e r l y  

ambi t ious and o p t i m i s t i c .  Dur ing t h e  development of 

t h e  p lans and s p e c i f i c a t i o n s  f o r  t h e  c o l d  r e c y c l i n g  

i n s t a l l a t i o n ,  t h e  r e c y c l i n g  c o n t r a c t o r  i n d i c a t e a  

t h a t  h i s  equipment was capable o f  making major changes 

t o  t h e  c ross  s e c t i o n s  and p r o f i l e s  ( i . e .  Changes up t o  

2 o r  3 inches)  were poss ib le .  I n  a c t u a l i t y ,  t h i s  t y p e  

o f  r e c o n s t r u c t i o n  was n o t  p o s s i b l e  and t h e  equipment 

prov ided would o n l y  make ve ry  minor changes i n  cross  

sec t i on .  

2 )  The p r o j e c t  r e q u i r e d  t h a t  t h e  e x i s t i n g  aspha l t  s u r f a c e  

(about 2 inches)  be mixed w i t h  approx imate ly  f o u r  

inches of t h e  e x i s t i n g  g r a v e l  base and emulsion. Th is  

combinat ion was t e s t e d  and a mix des ign  prepared. 

However, i n  many areas o f  t h e  p r o j e c t  s i g n i f i c a n t  c u t s  

were requ i red  which exposed more and d i f f e r e n t  

m a t e r i a l s  (most ly  c l a y s ) .  These d i d  n o t  mix w e l l  w i t h  

t h e  e m u l s i f i e d  aspha l t .  
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3 )  The emu ls i f i ed  aspha l t  used (CSS-1) d i d  no t  break and 

s e t  up for days due t o  t h e  wet c o n d i t i o n s  present  

du r ing  t h e  e n t i r e  c o n s t r u c t i o n  sequence. This  

necess i ta ted  c l o s i n g  t h e  road t o  t r a f f i c  f o r  severa l  

weeks. 

5.2 Recommendations 

Cold r e c y c l i n g  o f  Bituminous pavements has worked 

success fu l  i n  o ther  s t a t e s .  Dur ing d r y  weather, where t h e r e  

i s  a s t r a i g h t  run  w i thou t  t h e  i n t e r f e r e n c e  from manholes and 

i n l e t s ,  c o l d  r e c y c l i n g  can p rov ide  a cos t  e f f e c t i v e  

a l t e r n a t i v e  t o  convent ional  methods o f  r e h a b i l i t a t i o n .  eased 

on t h e  exper ience gained on t h i s  p r o j e c t  t h e  f o l l o w i n g  

recommendations are  o f f e r e d .  

1 )  A l t e r i n g  t h e  l i n e  and grade s i g n i f i c a n t l y  du r ing  t h e  

r e c y c l i n g  opera t i on  should n o t  be at tempted because 

o f  t h e  equ 9 pmen t 1 i m i  t a t  i ons . 
2 )  If t h e  s o i l  aggregate base i s  t o  be mixed w i t h  t h e  

aspha l t  sur face ,  t e s t i n g  should be performed t o  

ensure t h a t  t h i s  m a t e r i a l  i s  r e l a t i v e l y  un i fo rm and 

o f  s u f f i c i e n t  depth, so t h a t  du r ing  c o n s t r u c t l o n  no 

o the r  ma te r ia l  i s  encountered which w i l l  a l t e r  t h e  

mix. 

3 )  Cold r e c y c l i n g  w i t h  aspha l t  emulsion should be 

l i m i t e d  t o  w o r k  which can be performed du r ing  t h e  

d r i e r  summer months, and t o  areas where t h e  m a t e r i a l  

can be al'lowed t o  remain uncovered long enough f o r  

rne emulsion t o  break 
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4 )  Many s t a t e s  a r e  us ing  t h e  c o l d  r e c y c l i n g  process t o  

r e n a b i l i t a t e  t h e  upper 2 o r  3 inches o f  b i tuminous 

road sur face ,  which i s  then o v e r l a i d  w i t h  about one 

i n c h  o f  ho t  mix. L i t e r a t u r e  i n d i c a t e s  t h a t  t h i s  i s  

a c o s t  e f f e c t i v e  techn ique t h a t  should be i n v e s t -  

i g a t e d  f o r  use on a low vo’lume roadway rehabil<ta- 

t i o n  p r o j e c t  i n  New Jersey. 

5 )  A d d i t i o n a l  research should be performed on another 

p r o j e c t  u t i l i z i n g  t h e  i n f o r m a t i o n  gathered from t h e  

Buckshutem Road s tudy .  The p r o j e c t  should n o t  

r e q u i r e  grade changes, deep s t a b i l i z a t i o n ,  or  be 

performed on areas which must be kept  open t o  

t r a f f i c .  A shoulder  r e h a b i l i t a t i o n  p r o j e c t  would 

l end  i t s e l f  n i c e l y  t o  t h i s  t ype  o f  work. 
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D A T E  

8-24 

8-25 

8-26 

8-27 

8-28 

8-29 

8-30 

8-3 1 

9- 1 

9-2 

9-3 

9-4 

9 - 5  

9-6 

9-7 

TEMP ERATU RE 
HIGH 

78 

77 

84 

85 

71 

68 

74 

77 

77 

60 

77 

80 

77 

81 

76 

LOW 

62 

51  

62 

71 

51 

44 

47 

56 

56 

62 

65 

64 

67 

64 

57 

APPENDIX A 

WEATHER DATA 

HUM1 01 TY 
H I G H  

87 

80 

82 

87 

93 

80 

86 

81 

75 

97 

99 

93 

97 

100 

87 

LOW 

23 

35 

34 

63 

40 

38 

35 

43 

57 

81 

71 

71 

72 

44 

48 

RAIN 
(In> 

t r a c e  

0 

0 

-03 

.38 

0 

0 

0 

t r a c e  

-21 

t r a c e  

trace 

- 2 3  

* 51 

t r a c e  

SKY CONOITIONS 
CLOUDY 

10% 

23% 

40% 

83% 

66% 

9% 

0% 

4 7% 

47% 

100% 

9 0% 

83% 

98% 

18% 

37% 

SUNNY 

9 0% 

7 7% 

6 0% 

17% 

34% 

91% 

100% 

53% 

53% 

0% 

10% 

17% 

2% 

82% 

63% 
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APPENDIX B 

Station 

I.D. # 

Buckshutem Road 

New Jersey Department of Transportation 

ANALYSIS OF SPECIAL MATERIALS AND RESEARCH 

Material: Cold Recycled Base Course 

341+00EB 332+52EB 310+30EB 335+50WB 329+00WB 

Lot-20 Lot-21 Lot-24 Lot-16 Sand Avg . 
Cone 

% Passing 

50 12.5 15.0 17.0 22.5 12.5 15.9 

100 6 8 8 15 6 9 

200 3.7 5.1 5.6 11.8 3.6 5.9 

AC 3.25 4.00 4.85 2.25 3.60 3.59 

Solvent 2.506 2.488 2.463 2.505 2.508 2.494 
Immersion 

~ 

Moisture% 8.6 6.9 5.4 6.6 6.1 6.7 
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Buckshutem Road 

New Jersey Department of Transportation 

ANALYSIS OF SPECIAL MATERIALS AND RESEARCH 

Material: Cold Recycled Base Course 

% Passing 
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