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INTRODUCTION : 

Over t h e  p a s t  s e v e r a l  y e a r s ,  s e v e r a l  d r y e r  drum [nixing p r o c e s s e s  have  

been d e v c l o p i ~ n g  h e r e  i n  t h e  U n i t e d  S t a t e s  and a b r o a d .  Common t o  e a c h  

o f  t h e s e  p r o c e s s e s  i s  t h e  s imu1, taneous d r y i n g ,  h e a t i n g  and c o a t i n g  of 

a g g r e g a t e s  w i t h  p e n e t r a t i o n  g r a d e  a s p h a l t  cements. The c o l d  aggre-  

g a t e s  a r e  p r o p o r t i o n e d ,  t i s u a l l y  v o l u m e t r i c a l l y ,  a t  t h e  c o l d  f e e d  s y s -  

tem and a r e  f e d  i n t o  a r o t a t i n g  drum d r y e r .  The a s p h a l t  (and w a t e r  

and a d d i t i v e s ,  i n  some c a s e s ) ,  i s  s p r a y e d  o n t o  t h e  c o l d  a g g r e g a t e  

p r i o r  t o  t h e i r  e n t r y  i n t o  t h e  d r y e r  drum, o r  w i t h i n  t h e  drum a f t e r  

c h a r g i n g ,  and t h e  d r y i n g ,  h e a t i n g  and c o a t i n g  p r o c e s s  i s  c a r r i e d  o u t  

- 

ri 

as t h e  ma te r i a l  i s  conveyed th rough  t h e  l e n g t h  of t h e  drum. 

The p r imary  o b j e c t i v e  o f  t h e  drum mixing p r o c e s s e s  i s  t o  h o l d  e m i s -  

s i o n s  o f  p a r t i c u l a t e  m a t t e r  from t h e  e x h a u s t  s t a c k  t o  a minimum by 

c o a t i n g  and agg lomera t ing  t h e  f i n e  a g g r e g a t e  p a r t i c l e s  w i t h  a s p h a l t ,  

t h u s  p r e v e n t i n g  t h e i r  e n t r a i n m e n t  i n  t h e  g a s e s  p a s s i n g  th rough  t h e  

drum. The a i m  i s  t o  e l i m i n a t e  o r  g r e a t l y  r educe  the  d u s t  c o l l e c t i o n  

equipment  no rma l ly  r e q u i r e d .  

A l l  of  t h e  drum mixing p r o c e s s e s  c u r r e n t l y  under  deve lopment  u t i l i z e  

a p a r a l l e l  f l o w  d r y e r - m i x e r ;  tlie l o g i c  be ing  t h a t  i n  t h i s  manner t h e  

h o t t e s t  f l ame  and g a s e s  i n  t h e  drum e x i s t  a t  t h e  c h a r g i n g  end ,  where 

t h e  a s p h a l t  i s  b e s t  p r o t e c t e d  by m o i s t u r e  and i s  l e a s t  exposed  i n  t h i n  

f i l m s  t o  t h e  e f f e c t s  of o x i d a t i o n  and b u r n i n g .  A l s o ,  a p a r a l l e l  f l o w  

d r y e r  i ~ s  most e f f i c i e n t  i n  c o n t r o l l i n g  d r y e r  d i s c h a r g e  t e m p e r a t u r e  t o  

low l e v . e l s ,  a d e s i r a b l e  o b j e c t i v e  i n  t h e  d rum mi.xi.ng p r o c e s s .  
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T d s r s  of m a t e r i a l s  mixed i n  t h e  d r y e r  drum, bo th  h e r e  and i n  Europe ,  

~..i:vcal no harmfu l  e f f e c t  on t h e  a s p h a l t  cement  o r  t he  m i x t u r e .  In- 

a e e c ,  nal-dening oi t i le a s p h a l t  i n  t h e  drum mixing  p r o c e s s  h a s  been 

shown til be somewnat l e s s  t h a n  t h a t  o c c u r r i n g  i n  c o n v e n t i o n a l  p u g m i l l  

. .  

*' xi.@.% :,:.e~:a:i 
~~ 
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EXXOPEAN DEVEWPMENT: 

T h e  S t a u b l o s  ( d G s t  f r e e )  p r o c e s s ,  a s  d e v e l o p e d  i n  Europe ,  i n v o l v e s  t h e  

p u g m i l l  b l e n d i n g  2f  t h e  c o l d ,  w e t  a g g r e g a t e s  w i t h  t h e  paving  g r a d e  

a spha i ;  p r i o r  t o  :he i r  e n t r y  i n t o  t h e  d r y e r  drum. S i n c e  1969,  e l e v e n  

S t a c b l u s  p l a n t s  !lave been p l a c e d  i n  f i v e  w e s t e r n  European c o u n t r i e s ,  

and development  c o n t i n u e s  a t  t h i s  d a t e .  (l) P r o p o r t i o n i n g  oE a g g r e -  

g a t e s  a t  t h e  c o l d  f e e d  i s  a key e l emen t  of  t h e  p r o c e s s ,  a s  i t  i s  i n  

t h e  drum mixing p r o c e s s e s  b e i n g  d e v e l o p e d  i n  t h e  U n i t e d  S t a t e s .  

European  d r u m  mixing p r a c t i c e  i n v o l \ , e s  h e a t i n g  o f  t h e  m i x t u r e  t o  con- 

v e n t i o n a l  h o t  mix t e m p e r a t u r e s ;  i . e .  a p p r o x i m a t e l y  300' F .  I n  most 

ca ses ,  t h e  pav ing  g r a d e  a s p h a l t  used  i s  i n  t h e  90 - 100 p e n e t r a t i o n  

r a n g e .  

UNITED STATES DEVELOPMENT: 

S i n c e  1970 ,  development  of the drum mixing p r o c e s s  h a s  been c a r r i e d  

o u t  i n  t h e  U l i i t e d  S t a t e s ,  u s i n g  two d i f f e r e n t  a p p r o a c h e s .  I n  one  

method, a s p h a l t  and w a t e r  a r e  s i m u l t a n e o u s l y  i n j e c t e d  i n s i d e  t h e  

d r y e r  drum O n t o  t h e  a g g r e g a t e s .  The m i x t u r e  o f  h o t  a s p h a l t  and w a t e r  

I, , ... - :. I I I . C ? S  ., , .? foa~ning:  mass t c  e n t r , l p  t h e  f i n s  p a r t i c u l a t e  m a t t e r  q u i c k l y .  
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T h e  o t l i e r  method develuped  i n  t h i s  c o u n t r y  i n v o l v e s  t h e  s p r a y i n g  of 

hot  a s p h a l t  o n t o  t h e  c o l d ,  wet  aggregaLes  j u s t  p r i o r  t o  t h e i r  e n t r y  

i n t o  t h e  drum. 

With boLh of t h e  methods be ing  employed i n  t h e  Un i t ed  S t a t e s ,  t h e  

d e s i r e d  o b j e c t i v e  i s  t o  p roduce  t h e  m i x  a t  a r e l a t i v e l y  l o w  temper- 

a t u r e ,  i n  t h e  200' F .  t o  220° F .  r a n g e .  Some r e s i d u a l  m o i s t u r e  i s  

c r e d i t e d  w i t h  a s s i s t i n g  i n  compac t ion  of t he  m i x t u r e ,  i n  s p i t e  of t h e  

r e l a t i v e l y  h i g h  v i s c o s i t y  of the  a s p h a l t  a t  t h i s  l o w  t e m p e r a t u r e .  

To d a t e ,  a p p r o x i m a t e l y  40 drum mixing p l a n t s  a r e  i n  o p e r a t i o n  i n  t h e  

U n i t e d  S t a t e s .  T e s t  programs c a r r i e d  o u t  by t h e  F e d e r a l  Highway Ad- 

m i n i s t r a t i o n ,  ( 2 , 3 )  a5 w e l l  a s  S t a t e  Highway Depar tmen t s ,  have r e -  

v e a l e d  t h a t  t h e  q u a l i t y  o f  t h e  mix i s  n o t  harmed i n  t h e  drum mixing 

p r o c e s s .  It h a s  become a p p a r e n t ,  however ,  t h a t  some t y p e  of e m i s s i o n  

c o n t r o l  equipment  w i l l  be r e q u i r e d  i f  c u r r e n t l y  p roposed  a i r  p o l l u t i o n  

codes  a r e  t o  be met i n  the  drum mixing  p r o c e s s .  A t  t h e  p r e s e n t  t i m e ,  

i t  a p p e a r s  t h a t  a h i g h  e f f i c i e n c y  wet  s c r u b b e r  i s  t h e  most l i k e l y  

s o l u t i o n  t o  t h i s  problem.  

INITIAL FIELD EXPERIENCE: 

A f t e r  two y e a r s  of e x p e r i e n c e  w i t h  drum m i x  u n i t s  i n  t h e  f i e l d ,  i t  

seemed t o  Barber -Greene  p e r s o n n e l  t h a t  a d d i t i o n a l  q u e s t i o n s  were 

r a i s e d  wlienever s o l u t i o n s  t o  f i e l d  problems had been Found. We n o t e d  

t h a t  t h c  r i i o i s t u r e  con tc i i t  13L a mix would o f l c n  change  s h a r p l y  w i t h  

a g g r e g a l e  s o u r c e ,  even  Lhougn a g g r e g a t e  t y p e ,  t y p e  mix and m i x  t e m p e r -  
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a t u r c  would remain  t h e  same. D e n s i t y  s p e c i f i c a t i o n s  were met w i t h  

low t empera tu re  (220° F . )  mixes c o n t a i n i n g  2% m o i s t u r e  and a l s o  by 

l o w  t e m p e r a t u r e  mi.xes c o n t a i n i n g  c o n s i d e r a b l y  less  than  1% m o i s t u r e .  

High and low m o i s t u r e  mixes were  be ing  compacted a t  t e m p e r a t u r e s  

l e s s  t h a n  190' F .  
~~ .~ 

Two i t e m s  appeared  t o  remain c o n s t a n t .  The p e n e t r a t i o n  v a l u e s  f o r  

a s p h a l t  ex : rac ted  from t h e  mix f rom drum mix p l a n t s  was c o n s i s t e n t l y  

h i g h e r  t h a n  t h e  v a l u e s  expec ted  f rom c o n v e n t i o n a l  h o t  mix. A l s o ,  i t  

seemed t o  us  t h a t  h i g h  ene rgy  v i b r a t o r y  compactors  were c o n s i s t e n t l y  

r e q u i r e d  t o  meet d e n s i t y  s p e c i f i c a t i o n s  whenever a tow t e m p e r a t u r e  

drum mixer  p roduc t  was used .  

L a t e  i n  t h e  summer of 1 9 7 2 ,  Barber-Greene f e l t  t h a t  c o n t r o l s  a c h i e v -  

a b l e  o n l y  i n  a l a b o r a t o r y  were r e q u i r e d  i f  we wished  b e t t e r  i n s i g h t  

i n t o  t h e  e f f e c t  o f  p r o c e s s  p a r a m e t e r s .  

LABORATORY INVESTIGATION : 

A l a b o r a t o r y  b a t c h  drum mix s i m u l a t o r  was d e s i g n e d  and c o n s t r u c t e d  

by Barber -Greene  d u r i n g  t h e  f a l l  of 1 9 7 2 .  Actua l  l a b o r a t o r y  t e s t i n g  

was then  conducted  by  a w e l l  r e c o g n i z e d  independen t  l a b o r a t o r y ,  t h e  

Ch icago  T e s t i n g  L a b o r a t o r y ,  I n c .  D a t a  p r e s e n t e d  i n  t h i s  r e p o r t  i s  

u n p u b l i s h e d  d a t a  p rov ided  by t h i s  l a b o r a t o r y .  E v a l u a t i o n  and app-  

r a i s a l s  by W. K .  P a r r ,  Vice  P r e s i d e n t  of Chicago T e s t i n g  L a b o r a t o r y ,  

fo rm t h e  b a s i s  f o r  much O F  t h e  f o l l o w i n g  d i s c u s s i o n ,  a l t h o u g h  t h e  

a u t h o r s  of  t h i s  paper  a c c e p t  f u l l  r e s p o n s i b i l i t y  f o r  t h e  e v a l u a t i o n  

and c o n c i u s i o n s  preser. :ed.  

i' 

P 

h 



Page 5 

V a r i a t i o n s  i n  a g g r e g a t e  g r a d a t i o n ,  h y d r o p h i l i c  o r  hydrophob ic  c h a r a c -  

t e r i s t i c s  of  t h e  a g g r e g a t e ,  p e n e t r a t i o n  g r a d e  of a s p h a l t ,  mix temper-  

a t u r e ,  and u s e  of a d d i t i v e s  were  p r o c e s s  p a r a m e t e r s  i n v e s t i g a t e d .  

Open graded  mixes c o n t a i n e d  5% p e r c e n t  a s p h a l t  cement and d e n s e  g r a d e d  

mixes were  made w i t h  6 p e r c e n t  a s p h a l t .  A d e t a i l e d  o u t l i n e  of t h e  

t e s t  format  and t e s t  methods u s e d  may be found i n  Appendix 11. 

The equipment c o n s i s t e d  of  a 16 - inch  d i a m e t e r  by 1 3 - i n c h  l o n g  b a t c h  

drum mixer c a p a b l e  of p r o c e s s i n g  a 1 0 , 0 0 0  gram mix w i t h i n  a normal 

drum mixer  l o a d i n g .  A 500,000 BTU/hour burner  w i t h  a 4 0 : l  turndown 

r a t i o  was mounted w i t h  a s t a i n l e s s  s t e e l  combust ion chamber on one 

end of t h e  drum. An e x h a u s t  f a n  was connec ted  t o  t h e  drum through a 

r o t a t i n g  s e a l  e x h a u s t  c o n n e c t i o n  a t  t h e  o t h e r  end of t h e  drum mixe r .  

ASPHALT H A R D E N I N G :  

One of t h e  f i r s t  a r e a s  of conce rn  when drum mixing was c o n s i d e r e d  was 

t h e  e f f e c t  on t h e  a s p h a l t  of e x p o s u r e  of h igh  t e m p e r a t u r e  g a s e s  and 

d i r e c t  f l a m e .  In t h i s  s t u d y ,  i t  appea red  t h a t  t h e  p r o c e s s  had no 

measurab le  e f f e c t  o n  t h e  d u c t i l i t y  of t h e  a s p h a l t ,  s i n c e  t h e  a s p h a l t  

r e c o v e r e d  from a l l  mixes had d u c t i l i t i e s  exceed ing  110 c m  a t  77' E .  

P e n e t r a t i o n  t es t  r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e s  10 and 11. R e s u l t s  

f o r  t h o s e  mixes c o n t a i n i n g  88 p e n e t r a t i o n  a s p h a l t  a r e  p l o t t e d  in 

F i g u r e  # 9  v s .  mix t e m p e r a t u r e .  Although thei-6 i s  a - c o n s i d e r a b l e  

s c a t t e r i n g  of  d a t a  i t  a p p e a r s  t h a t  a h i g h e r  n i x  t e m p e r a t u r e  r e s u l t s  

i n  s l i g h t l y  more h a r d e n i n g .  T h e r e  i s  a p p a r e n t l y  no d i f f e r e n c e  i n  
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h a r d e n i n g  i n  open  g r a d e d  and d e n s e  g r a d e d  m i x t u r e s .  A l so ,  no d i f f e r -  

e n c e  i s  d i s c e r n i b l e  i n  mixcs c o n t a i n i n g  t h e  s i l i c o n e  o r  t h e  t a l l  o i l  

t y p e  a d d i t i v e s .  The a c t u a l  r ange  o f  p e r c e n t  r e t a i n e d  p e n e t r a t i o n  

Tor t h e  88 p e n e t r a t i o n  a s p h a l t  i s  shuwn a s  f o l l o w s :  

% OF ORIGINAL PENETRATION ( 8 8 )  

Without  A d d i t i v e :  

Limes tone  Dense Graded 

G r a n i t e  Dense Graded 

With A d d i t i v e :  

Limes tone  Dense Graded 

G r a n i t e  Dense Graded 

Without  A d d i t i v e :  

Limes tone  Open Graded 

G r a n i t e  Open Graded 

M I N  . 
VALUE 

7 1 . 6  

72 .7  

77 .2  

7 5 . 0  

M A X .  
VALUE 

9 0 . 9  

8 1 . 8  

6 4 . 1  

8 4 . 1  

AVERAGE 
VALUE -- 

7 6 . 7  

8 0 . 7  

7 3 . 9  8 1 . 8  7 7 . 2  

6 7 . 0  8 0 . 7  7 4 . 4  

With A d d i t i v e :  

Limes tone  Open Graded 8 4 . 1  8 6 . 4  8 4 . 9  

G r a n i t e  Open Graded 6 8 . 2  8 2 . 9  7 5 . 3  

F o u r  mixes  made w i t h  238 p e n e t r a t i o n  a s p h a l t  were i n c l u d e d  i n  t h e  

s t u d y .  The p e r c e n t  r e t a i n e d  p e n e t r a t i o n  r anged  f rom 5 8 . 0  t o  7 0 . 2  of 

t h e  o r i g i n a l  p e n e t r a t i o n  w i t h  an a v e r a g e  p e r c e n t  r e t a i n e d  o f  6 1 . 7 .  

-,  i n i s  g r e a r . e r  l o s s  i n  p e n e t r a L i o n  du r i l i g  mixing niay be e x p e c t e d  w i t h  

s o E t c r  a s p h a l t s .  Allowancc i.s made i n  The T h i n  F i l m  Oven Loss S p e c i -  

f i . c a t i o n s  f o r  t h i s .  

i' 
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Thc c o n v c n t i o n a l  mixes made a l  29OU F .  averaged  6 7 . 7  p e n e t r a t i o n .  

Twenty-n ine  of  tllc f o r t y - s i x  mixcs made i n  t h e  drum mixer exceeded 

t h i s  ave rage  v a l u e  f o r  c o n v e n t i o n a l  mi.xes. 

FLAKSHALL TESTS : 

S i x  spec imcns  were  compacted from each mix. I n  most  c a s e s ,  a l l  m i x  

spec imens  were  compacted a t  t h e  mix t e m p e r a t u r e  w h i l e  a number of 

r e p l i c a t e  mixes had t h r e e  spec imens  compacted a t  t h e  mix t empera tu re  

and t h r e e  spec imens  compacted a t  275O F .  The c o n v e n t i o n a l  o r  c o n t r o l  

mixes we:e a l l  compacted a t  275O F .  Average v a l u e s  f o r  t h e  c o n t r o l  

mixes were used  as t h e  b a s i s  f o r  c a l c u l a t i n g  p e r c e n t  compact ion .  

The r e s u l t s  p l o t t e d  i n  F i g u r e  #5 show t h a t  compact ion  f o r  dense  graded  

l i m e s t o n e  i s  a f u n c t i o n  of t e m p e r a t u r e .  F u r t h e r m o r e ,  t h o s e  spec imens  

compacted a t  275O F .  were h ig l ie r  i n  d e n s i t y  than  t h o s e  f rom t h e  same 

mixcs compacted a t  mix t e m p e r a t u r e .  The a v e r a g e  p e r c e n t  compact ion 

of  t h e  seven  r e p l i c a t e  mixes compacted a t  275O F .  was 98 .9% of t h e  

c o n v e n t i o n a l  mixes compacted at  215' F .  

M a r s h a l l  S t a b i l i t y  appea r s  t u  he more s e n s i t i v e  t o  compact ion  temper-  

a t u r e  than  d e n s i t y .  I n  F i g u r e  #5, we c a n  s e e  t h a t  a r e d u c t i o n  oE 3% 

compact ion  r e s u l t s  i n  a l o s s  of 800 l b .  s t a h i l i t y  v a l u e  f o r  d e n s e  

graded  l i m e s t o n e  mixes w i t h o u t  a d d i t i v e s .  W h i l e  t h e  f o u r  mixes made 

w i t l i  238 p e n e t r a t i o n  a s p h a l t  have a lower  s t a b i l i t y ,  t h e  s t a b i l i t y  

compact ion t e m p e r a t u r e  r e l a t i o n s h i p  has  approx ima te ly  t h e  same s l o p e .  
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Fnur  densc  g raded  l i m e s t o n e  mixes iiiade w i t h  88 p e n e t r a t i o n  a s p h a l t  

c o n t a i n i n g  a d d i t i v e s  show s l i g h t l y  h i g h e r  p e r c e n t  compact ion  v a l u e s  

and s l i g h t l y  i i igher  s t a b i l i t y  v a l u e s .  

Ld 

F i g u r e  #6 shows t h e  same r e l a t i o n s h i p  f o r  d e n s e  g r a d e d  a g g r e g a t e  mixes I 

when no a d d i t i v e  i s  used .  Three  mixes c o n t a i n i n g  t a l l  o i l  a d d i t i v e s  

show i n d i c a t i o n s  of  a l a c k  of  t e m p e r a t u r e  s e n s i t i v i t y  w i t h  r e g a r d  t o  

compac t ion .  

i' 

F i g u r e  /I7 i l l u s t r a t e s  t h e  same r e l a t i - o n s h i p  f o r  g r a n i t e  open g r a d e d  

mixes .  H e r e ,  t h e  s i x  mixes c o n t a i n i n g  a d d i t i v e  appea r  t o  have a f l a t  

p e r c e n t  compact ion  cu rve  and f a i r l y  f l a t  s t a b i l i t y  c u r v e .  

S i m i l a r  d a t a  f o r  l i m e s t o n s  open g r a d e d  mixes a r e  p r e s e n t e d  i n  F i g u r e  

# 8 .  

These  r e s u l t s  i n d i c a t e  t h a t  t h e  lower t e m p e r a t u r e  mixes r e q u i r e  more 

compact ion  e f f o r t  t o  o b t a i n  e q u a l  d e n s i t y  o r  compac t ion .  In t h e  f i e l d  

t h e  f a c t  t h a t  h i g h  energy  v i b r a t o r y  compact ion a p p e a r s  t o  be a n e c e s -  

s a r y  p r e r e q u i B i t e  f o r  a t t a i n i n g  d e n s i t y  w i t h  la t e m p e r a t u r e  drum mixer  

mixes would appea r  t o  s u b s t a n t i a t e  t h e s e  l a b o r a t o r y  r e s u l t s .  

The s i l i c o n e  a d d i t i v e s  appeared  t o  have no a p p a r e n t  e f E e c t  on t h e  com- 

p a c t i o n  and s t a b i l i t y  p r o p e r t i e s  01 the  mix 
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!JET STRENGTH TESTS : 

The s t a n d a r d  ASTM Immersion Coniprcssion t e s t  r e q u i r e s  s p e c i a l  equ ip -  

ment and t e s t i n g  p r o c e c u r e s  and would havc r e q u i r e d  a d d i t i o n a l  mixes .  

I n  i t s  p l a c e ,  t h e  M a r s h a l l  t e s t  was i i t i l i z e d  a s  a measure of t h e  wet 

s t r e n g t h .  T h i s  p rocedure  was deve loped  by the Corps of E n g i n e e r s  

and d e s c r i b e d  i n  P u b l i c  Roads,  Vol .  3 3 ,  No. 3, August ,  1964.  

Th i s  p rocedure  r e q u i r e s  t h e  compact ion of s i x  M a r s h a l l  T e s t  spec imens .  

Three  of t h e s e  a r e  t e s t e d  a f t e r  c o n d i t i o n i n g  t h i r t y  minu te s  i n  a 1400 F .  

wate r  b a t h .  The second s e t  oE t h r e e  spec imens  arc p l a c e d  i n  a . 1 4 0 °  F .  

w a t e r  b a t h  f o r  2 4  h o u r s  and then  t e s t e d  f o r  s t a b i l i t y .  The r a t i o  of 

wet t o  d r y  s t a b i l i t y  i s  e x p r e s s e d  as p e r c e n t  r e t a i n e d  wet s t r e n g t h .  

The ave rage  wet s t r e n g t h  v a l u e s  a r e  summarized in T a b l e  1 2 .  T h i s  d a t a  

does  not  i n d i c a t e  any s i g n i f i c a n t  d e t r i m e n t a l  wet  s t r e n g t h  v a l u e s .  

The open g raded  mixes appea r  t o  have l e s s  wet s t r e n g t h  t h a n  t h e  d e n s e  

g raded  mixes ,  bu t  t h i s  may be due t o  t h e  h i g h e r  d e s i g n  a i r  v o i d s  i n  

t h e s e  mixes as  compared w i t h  t h e  dense  g raded  mixes .  

The d a t a  appea r s  t o  i n d i c a t e  t h a t  l i m e s t o n e  mixes c o n t a i n i n g  t a l l  o i l  

a d d i t i v e  have s l i g h t l y  lower wet s t r e n g t h  than  t h e  mixes w i t h  no add i -  

t i v e .  T h e  o p p o s i t e  i s  shown f o r  t h e  g r a n i t e  a g g r e g a t e  mixes. The t a l l  

o i l -a luminum s u l f a t e  sys tem can  r e a c t  w i t h  a c i d i c  t y p e  a g g r e g a t e s  a s  

w e l l  a s  basi .c  ( l i m e s t o n e )  t y p e s .  T h i s  s u g g e s t s  t h a t  a c t i v e  a g g r e g a t e s ,  

such  a s  r h y o l i t e  and q u a r t z i t e ,  may r e q u i r e  t h e  same s p e c i a l  c o a t i n g  

a i d s  requi . red  w i t h  convent ionn ' l  mixes .  
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A t  any r a t e ,  t h e  h i g h  r e t a i n e d  w e t  s t r e n g t h s  o b t a i n e d  i n  t h i s  s t u d y  

do n o t  i n d i c a t e  adhes ion  i s  a s e r i o u s  problem w i t h  t h e  a g g r e g a t e s  

s t u d i e d .  

TDIPERATURE - MOISTURE PROFILE AND VISUAL OBSERVATIONS 

The t e m p e r a t u r e  m o i s t u r e  p r o f i l e  was i n v e s t i g a t e d  i n  a s e r i e s  of s i x  

Tuns d u r i n g  which t h e  mixer w a s  s t o p p e d  a t  30-second i n t e r v a l s  for 

m o i s t u r e  t e s t  s amples .  The a g g r e g a t e s  and g r a d a t i o n  t y p e s  used  a r e  

shown i n  T a b l e  4 .  

F i g u r e s  #2 and # l o  show t h e  m o i s t u r e  - t e m p e r a t u r e  p r o f i l e s  o b t a i n e d  

i n  t h e s e  l a b o r a t o r y  r u n s .  

The p r o f i l e s  may be d i v i d e d  i n t o  phases  a s  shown below: 

DRUM MIXER LABORATORY SIMULATION 
DENSE GRADED LIMESTONE M I X :  
MOISTURE AND TEMPERATURE 
PROFILES - 7  

- 6  

PHASE 1 PHASE 2 PHASE 3 PHASE 4 

h 

v 

* 5  6l z 
- 4  E 

\ 

0 
U 

E FREE WATER 

. 3 3  
P 
6l cn 

VAPOR PRESSURE 

- W I D  TEMP. RISE . 2 

' 

VIOLENT FOAMING 

\ 
\ 

r. 
\I 

I .:--- i \ * 1  
\ 
\ 

1 2 3 4 5 

TIME (MINUTES) 
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V i s u a l  o b s e r v a t i o n s  of t h e  drum mixing b a t c h  p r o c e s s  can be d e s c r -  

i b e d  i n  terms of the  phases  shown above .  T h e  d e s c r i p t i o n  below i s  

t y p i c a l  of o b s e r v a t i o n s  made d u r i n g  t h e  dense  g raded  mix r u n s .  

PHASE 1: 

S u r f a c e  and f r e e  m o i s t u r e  a r e  r e a d i l y  removed from t h e  a g g r e g a t e  

i n  t h e  e a r l y  h e a t i n g  phase .  Mix t empera tu re  r i ses  and m o i s t u r e  con- 

t e n t  r a p i d l y  d rops  a s  t ime of  h e a t i n g  (and mixing)  i n c r e a s e s .  B a l l s  

of d u s t  and a s p h a l t  fo rm d u r i n g  t h i s  p e r i o d .  (See i l l u s t r a t i o n  #6) .  

These b a l l s  were ana lyzed  and found t o  be comprised o f  abou t  9 t o  11% 

a s p h a l t  and 89  t o  91% d u s t .  These  b a l l s  were most n o t i c e a b l e  d u r i n g  

t h e  r u n s  i n  which dense  graded  l i m e s t o n e  a g g r e g a t e  was u s e d .  The  

h i g h e r  d u s t  c o n t e n t  i s  the  o b v i o u s  e x p l a n a t i o n .  

PHASE 2 :  

A t  abou t  170 t o  180' F .  t h e  m o i s t u r e  l e v e l  and mix t e m p e r a t u r e  l e v e l  

o f f  a s  h e a t i n g  t ime  i n c r e a s e s .  The exhaus t  t e m p e r a t u r e  h a s  dropped  

c l o s e  t o  minimum v a l u e s  and beg ins  t o  l e v e l  o f f .  

The b a l l s  of m a t e r i a l  l o o k  d a r k e r  d u r i n g  t h i s  t ime bu t  do not  change 

i n  any o t h e r  manner.  I t  seems r e a s o n a b l e  t o  assume c h a t  m o i s t u r e  en- 

t r apped  i n  t h e  b a l l s  of  m a t e r i a l  a s  w e l l  as  i n t e r n a l l y  abso rbed  mois- 

t u r e  i n  t h e  a g g r e g a t e  i s  be ing  v a p o r i z e d  a t  t h i s  t ime b u t  h a s  n o t  

g e n e r a t e d  s u f f i c i e n t  p r e s s u r e  t o  e scape  i n t o  the  g a s  s t r e a m .  

PHASE 3 :  

Between 180 and ZOO0 F .  foaming of t h e  a s p h a l t  i s  i n i t i a t e d .  The 
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b a l l s  o f  d u s t  and a s p h a l t  b e g i n  t o  expand and b r e a k  a p a r t  ( s e e  i l l u s -  

t r a t i o n # b ) ,  The mix t empera tu re  w i l l  beg in  t o  r i s e  and t h e  m o i s t u r e  

c o n t e n t  d rops  r a p i d l y  w i t h  t i m e .  It i s  a t  t h i s  t ime t h a t  w e  can  s e e  

t h e  a s p h a l t  foaming and s p r e a d i n g  r a p i d l y .  

C 

During  t h i s  phase ,  t h e  v e i l  o f  m a t e r i a l  i n  t h e  drum mixer changes  b 

f rom a g g r e g a t e  c o l o r  t o  a v e i l  w i t h  b l a c k  s t r e a k s  which q u i c k l y  

changes  t o  a comple t e ly  b l a c k  v e i l  

PHASE 4 :  

Most of t h e  m o i s t u r e  h a s  been removed,  foaming i s  i n s i g n i f i c a n t  

and t h e  a g g r e g a t e  h a s  been c o a t e d .  The mix t e m p e r a t u r e  w i l l  r i s e  

r a p i d l y  when t h i s  phase  i s  r e a c h e d .  

W i t h  open g raded  mixes the  above p h a s e s  a r e  l e s s  d i s t i n c t .  Foaming 

was l e s s  obv ious  bu t  t h e  foaming t h a t  o c c u r r e d  s t a r t e d  a t  lower tem- 

p e r a t u r e s  (about  170° F . )  and c o n t i n u e d  t o  a s i g n i f i c a n t  d e g r e e  a t  

h i g h e r  mix t e m p e r a t u r e s  (250° F .  and h i g h e r ) .  T h e  change i n  v e i l  

f rom a s t r e a k y  appearance  t o  a b l a c k  v e i l  i s  s lower  and l e s s  d r a m a t i c  

i n  t h e  c a s e  of open gradcd  m i x t u r e s .  

S i l i c o n e  a d d i t i v e s  caused s m a l l e r  b u b b l e s  t o  fo rm.  The v e i l  changed 

s l o w l y  a s  w i t h  open graded  mixes ,  b u t  n o  o b s e r v a b l e  d i f f e r e n c e  i n  

f i n a l  mix c o a t i n g  cou ld  be s e e n .  
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RESIDUAL MOISTURE CONTENT I N  MIXES:  

In d i s c u s s i n g  m o i s t u r e  removal ,  i t  should  be no ted  t h a t  t h e  amount 

of  m o i s t u r e  remain ing  i n  t h e  mixes i s  c o n s i d e r a b l y  l e s s  t han  t h a t  

r e p o r t e d  f rom f i e l d  p r o j e c t s .  ( 2 , 3 )  

t e s t  r e s u l t s  For bo th  d e n s e  g r a d e d  and open g raded  mixes .  M o i s t u r e  

t es t  samples  were t aken  immedia t e ly  a f t e r  mixing and l a t e r  when t h e  

T a b l e s  #5 and #6 show t h e  m o i s t u r e  

mix was q u a r t e r e d  t o  o b t a i n  t h e  e x t r a c t i o n  and M a r s h a l l  t e s t  s amples .  

CONCLUSIONS AND OBSERVATIONS: 

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

l a b o r a t o r y  i n v e s t i g a t i o n  may be summarized a s  f o l l o w s :  

1. Mixing and c o a t i n g  can  be ach ieved  i n  drum mixing a t  r e l a t i v e l y  

low t e m p e r a t u r e s  (200 - 7.20' F . ) .  T h i s  a p p a r e n t l y  o c c u r s  w h i l e  

t h e  a s p h a l t  i s  below c o n v e n t i o n a l  mixing v i s c o s i t y  t e m p e r a t u r e  

and i s  accomplished by e n t r a p p e d  moi s tu re  vapor  c a u s i n g  foaming 

of  t h e  v i s c o u s  a s p h a l t  f i l m s .  

2 .  A t  low t empera tu res  (190 - 210' F . ) ,  t h e  l a b o r a t o r y  mixes sampled 

immedia te ly  a f t e r  mixing had some moi s tu re  p r e s e n t .  I n  a s h o r t  

t i m e ,  however,  th i s  t r a n s i e n t  m o i s t u r e  i s  l o s t  f rom the  m i x .  

3 .  Mixes made a t  t h e  lower t e m p e r a t u r e  r ange  (190 - 210° F . ) ,  under  

s t a n d a r d  compaction e f f o r t ,  had lower c o m p a c t e d . d e n s i t i e s  t han  

t h o s e  nade and compacted a t  h i g h e r  t e m p e r a t u r e s .  T h e i r  s t a b i l i -  

t i e s  a r e  a l s o  lower .  T h i s  would i n d i c a t e  low t e m p e r a t u r e  mixes 

would r e q u i r e  a d d i t i o n a l  f i e l d  conipacLion e f r v r t .  The magni tude  

of t h e  v a r i a t i o n s  w i t h  t e m p e r a t u r e ,  however,  would no t  seem s u € E -  
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i c i e n t  t o  p r e v e n t  s a t i s f a c t o r y  compact ion  if t e m p e r a t u r e  were  t h e  

o n l y  f a c t o r  i n v o l v e d .  

4 .  

5. 

6. 

1 .  

On t h e  l i m i t e d  number o f  mixes made w i t h  t a l l  o i l  - aluminum 

s u l f a t e  a d h e s i o n  a d d i t i v e ,  t h e r e  i s  ev idence  t h a t  m.ix t e m p e r a t u r e  

has  l e s s  e f f e c t  o n  compact ion .  T h i s  was n o t e d  s p e c i f i c a l l y  i n  

t h e  open  g r a d e d  mixes .  

S i l i c o n e  a d d i t i v e  had no e f f e c t ,  a d v e r s e  OK o t h e r w i s e ,  on t h e  

p r o p e r t i e s  o f  mixes made i n  t h e  drum mixer. 

No s i g n i f i c a n t  a d v e r s e  h a r d e n i n g  of t h e  a s p h a l t  used  was no ted  

i n  t h e  s t u d y .  Hardening does  O C C U K  bu t  i t  i s  s i g n i f i c a n t l y  l e s s  

t han  t h a t  o c c u r r i n g  in t h e  T h i n  F i l m  Oven Loss T e s t  and t h e  

ave rage  d e g r e e  of ha rden ing  i s  s l i g h t l y  less t h a n  w a s  found w i t h  

c o n v e n t i o n a l  l a b o r a t o r y  mixes .  These  r e s u l t s  a r e  i n  g e n e r a l  

Egreemerre with p r e v i o i i s l y  p i ib l i shed  f i e l d  d a t a  ( 2 , 3 )  

No s i g n i f i c a n t  l o s s  of s t r e n g t h  due t o  w a t e r  immers ion ,  as 

measured by t h e  M a r s h a l l  T e s t  o n  24 h r .  140° F .  immersed specimens 

was n o t e d .  I n  o t h e r  words ,  s a t i s f a c t o r y  a s p h a l t  a d h e s i o n  t o  t h e  

a g g r e g a t e  was a t t a i n e d  i n  t h e  mixes made i n  the d r u m  mixe r .  

SUMMATION : 

The e x p e r i m e n t s  appea r  t o  i n d i c a t e  t h a t  t h e  drum mix p r o c e s s  i s  c a p a b l e  

of p roduc ing  a mix comparahle  w i t h  t h e  c o n v e n t i o n a l  ho t  mix p r o c e s s .  

F u r t h e r  i n d i c a t i o n s  a r e  t h a t  i f  a d e q u a t e  conipact ive ene rgy  i s  a v a i i a l l e  

and a p r o p e r l y  des igned  and c o n t r o l l e d  m i x  used ,  t h e  pavement may be 

camparable  t o  t h a t  l a i d  u s i n g  c o n v e n t i o n a l  h o t  mix.  

. 
*. 
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SOURCE: American O i l ,  
W h i t i n g ,  I n d  . 

TABLE 1 

ASPHALT CEMENT 

I n t e n d e d  Use: D r u m  Mixer S tudy  P r o j e c t  

? 

'1' 

.C 

PENETRATIONS : 

A t  77' F .  (100 gms. 5 s e c . )  

D u c t i l i t y  a t  77' F . ,  5/60 ( c m )  

S p e c i f i c  g r a v i t y  a t  77' F .  

Equiv .  l b s . / g a l .  a t  60' F .  

F l a s h  ? o i n t ,  C . O . C .  ( F . )  

L o s s ,  5 h r .  ( ) Reg.  ( X ) t h i n  f i l m  

P e n e t r a t i l x ?  . ~ f t e r ,  a t  77' F .  

CL) o f  o r i g i n a l  

D u c t i l i t y  a f t e r ,  a t  77' F .  (cm) 

SolubiL' . ty  i n  C C 1 4  (%) 

V i s c o s i t y ,  k i n e m a t i c  a t  275O F .  ( c S t )  

Spot  T e s t  ( O l i e n s i s )  

88 87 

150+ 

1 . 0 2 5  

8 .57  

550f 

(%) 0 . 0 2  

52 

5 7 . 8  

110+ 

9 9 . 9 3  

267 

Negat ive  

200 / 2  50 

Lab. S t o c k  

238 

150+ 

1 . 0 1 7  

8 . 5 1  

550+ 

0 . 3 0  

113 

4 7 . 5  

150+ 

99.99 

153 

N e g a t i v e  

T e s t s  on L a b o r a t o r y  S t o c k  Used i n  S t u d y .  



TAULE 2 

T e s t  Mix Grada t ions  

Limestone G r a n i t e  
........ Aggregate No. 1 2 3 4 

Dense Open Dense Open 
Graded Graded Graded Graded r 

314" Sieve .  ....... 100.0 100.0 i 

112" ........ 98.9 100.0 96.7 100.0 

318" ........ 94.7 8 0 . 0  7 7 . 1  7 0 . 0  

I I  

, I  

No. 4 ........ 6 8 . 9  40.0 62.5 40.0 

No. 8 ........ 50.5 2 0 . 0  50.7 20.0 

No. 16 ........ 36.3 1 1 . 0  4 0 . 9  14.0 

No. 30 ........ 28.9 9 . 0  2 8 . 8  10.0 

No. 50 I '  ........ 2 3 . 3  6 . 0  1 4 . 8  8.0 

No. 100 I' ........ 9.1  5 . 0  5 . 1  5 .0  

No. 200 " ........ 7 . 1  4.0 2 .7  4 .0  

I 1  

I 1  

,I 

I 1  

N o .  1 - 50% 112" Limestone,  35% Limestone S c r e e n i n g s ,  15% F i n e  Washed 

No. 2 - 87% 112" Limestone,  13% Lime.,tone Sc reen ings  Blended and 
r e s c r e e n e d  t o  g i v e  d e s i g n  g r a d a t i o n .  

No. 3 - 55% Crushed G r a n i t e ,  40% Coarse Sand, 5% Fine  Sand. 

No. 4 - 100% Crushed G r a n i t e  r e s c r e e n e d  t o  d e s i g n  g r a d a t i o n .  

G l a c i a l  Sand. 

1 



TABLE NO. 3 

EIOISTURE AND M I X  TEMPERATURE TEST DATA 

RUNS 35 .  36 AND 52 

r 

Piix 3 6  

5 Exhaust In  Mix 
Time Tcmp. (F)  % Hz0 

i 

3 0  1 5 0  440 

60 1 6 0  445 

90 1 7 0  440 3 . 8 4  

1 2 0  175 375 2.31 

1 5 0  175 360 1 . 8 6  

1 8 0  185 380 0.78 

1 210 200 395 0.85 

240 220 400 0.25 

270 235 410 0.07 

300  2 6 5  425 0.07 

330  0 .02*  

338 

<I 

.. 

Mix 35 Supplementa l  Mix 5 2  
Temp, ( F) Time Temp,  ( F) % H20 

Mix Exhaust Set. Exhaust  In Mix - 
1 2 0  

1 4 5  

160 

165 

1 7 0  

170 

1 7 5  

1 9 0  

210 

225 

245 

250 

435 

4 3 0  

425 

415 

400 

400 

410 

430 

450 

,460 

475 

480 

3 0  150 

' 60 1 6 0  

90 170 

1 2 0  1 8 0  

1 5 0  195 

1 8 0  220 

210 235 

230 250 

400 

43 0 3.05 

370  2.31 

330  1.38 

360  1 . 2 5  

4 0 0  0.27 

4 2 0  

4 4 0  0.05 

"After Cooling 



TABLE NO. 4 

SUPPLEMENTAL MOISTURE TESTING RUNS 

LIMESTONE AGGREGATE 

Run No. 5 2  
Dense Grada t ion  

O r i f i i n a l  Mois tu re  - 5 . 0 %  
Time Temp, ( F) % H20 
Set. Mix Exhaust In  Mix 

3 0  1 5 0  
6 0  1 6 0  
9 0  1 7 0  

120 1 8 0  
1 5 0  1 9 5  
1 8 0  220 
2 1 0  , 235 
2 3 0  250 

4 0 0  
4 3 0  3 .05  
3 7 0  2 .31  
330  1 . 3 8  
360  1.25 
4 0 0  0.27 
4 20 
4 4 0  0 .05  

Run No. 53 
Open Grada t ion  

O r i g i n a l  Mois tu re  - 4.0% 

Mix Exhaust I n  Mix 

- 
Time Temp. (F) % H20 

~ - 
30  225 
6 0  215 355  3 . 3 2  
90 1 8 0  325 2 .42  

1 2 0  1 8 0  3 3 0  1.86 
1 5 0  1 8 5  335  1 .38  
1 8 0  1 9 5  338  0 .85  
210 210 338 0.55 
246 250 4 2 0  0.34 

GRANITE AGGREGATE 

Run No. 5 4  
Oenss Gradat ior i  

O r i g i n a l  Mois tu re  - 5.07% 

Set. Mix - Exhaust In Mix 

3 0  1 6 5  
6 0  1 6 5  350  3.03 
90 1 7 5  346 2 . 2 9  

1 2 0  1 7 5  320  1.28 
150 1 9 5  346  0 .75  
1 8 0  220 3 6 3  0.41 
216 250 385  0.18 

Time Temp. (F) % H 2 0  

Run No. 5 5  
Open G r a d a t i o n  

O r i g i n a l  Mois tu re  - 4.0% 

Set. Mix Exhaust  In Mix 

30 1 5 5  317 
60  1 6 5  3 6 2  2.48 
90 1 7 5  3 4 4  1 .55  

120 1 7 5  3 4 0  0 . 9 0  
1 5 0  1 7 5  3 6 0  0 . 4 9  
1 8 0  210 4 0 6  0.37 
234  250 414 0.04 

Time Temp. ( F) % H20 



TABLE NO. 5 

MOISTURE TESTS 

DENSE GRADED MIXES 

L imes  tone  AggreRate 
N i x -  % Mois tu re  

\ Nix No, T7Fy' Im,* Ext.* 
rn 

1 
2 
3 

4 

i: 

5 
6 
7 

11 
1 2  
13 
1 7  
33 
35 
3 7T 
40T 
41T 
42T 
43w 
44s  
46s  
48s  
49w 

230 
250 
250 
240 
210 
195  
230 
208 
250 
230 
27 5 
245 
250 
260 
200 
255 
210 
195  
210 
240 
195 
200 

0.11 
0.63 

0.11 
0.10 
0.02 

0.55 

0.28 
0.28 
0.15 

0.60 
0.68 

0 .04  
0 .02  
0 .02  

0.02 
0 .12  
0 .20  
0.10 
0.03 
0.03 
0.02 
0.04 
0.06 
0.02 
0.04 
0.21 
0.02 
0.15 
0.13 
0.10 
0.04 
0.22 
0.15 

G r a n i t e  AggreEate 

Mix % Mois tu re  
Temp. 

Mix No, (F) Im.* Ext* 

8 
9 

10 
1 4  
38T 
3 9T 
45s 
47s 
5 OW 
51W 

240 
250 
210 
220 
240 
190 
240 
220 
205 
200 

0.09 
0.06 

0.09 0.15 
0.03 0.02 

0.05 
0.19 0.13 
0.03 0 .02  

0.04 
0.34 0.08 
0.31 0.08 

* Sampled immedia te ly  a f t e r  mix ing .  
x* Sanpled  a f t e r  q u a r t e r i n g  samples  f o r  

e x t r a c t i o n  and r e c o v e r y  t es t .  
T - T a l l  O i l  Pitch-Aluminum S u l f a t e  A d d i t i v e  
S - S i l i c o n e  Aud i t ive  
W - Wibau Premix 



TABLE NO. 6 

FIOISTURE TESTS 

OPEN GRADED MIXES 

Limestone Aggrepate G r a n i t e  AggreEate 
r 

Mix % Mois tu re  Mix Yo Mois tu re  
Temp. Temp. - 

N i x  No, (F)  Im,* Ext,* Mix No, (F) Im.* Ext.** 

15 210 0.24 0.17 18 310 0.01 

1 6  25 2 0.09 0.04 1 9  260 0 .02  

20 210 0.29 0.16 2 1  300 0.02 

23 240 0.15 2 2  190 0.19 0.04 

25T 212 0.43 0.37 24 195 0.20 0.11 

26T 230 0 .21  0.12 27T 200 0.07 0.10 

29T 200 0.30 0.08 28 T 245 0.05 0.10 

30T 240 0.10 3 1 T  210 0 .24  0.06 

3 2T 250 0.03 

* Sampled immediately a f t e r  mixing.  

* Sampled a f t e r  q u a r t e r i n g  sample f o r  
e x t r a c t i o n  and r e c o v e r y  t e s t .  

T - T a l l  O i l  Pitch-Aluminum S u l f a t e  A d d i t i v e  

I 



i 

TABLE NO. 10 

RECOVERED ASPHALT PENETRATIONS 

LIMESTONE AGGREGATE 

Dense Graded Open Graded 
Mix Recovered Mix Recovered 

Temp. A s p h a l t  Temp. A s p h a l t  a Pen.@ 77F Mix No, ( F )  Pen.@ 77F Mix No, 

A 
E 

G-T 

1 
2 
3 
4 
5 
6 
7 

11 
1 2  
13 
17  
3 3  
3 5  
3 7 - T  
40 -T 
41 -T 
4 2 - T  
43 -\.I 
44-s 
4 6 - S  
46 -S 
&.9-w 
H 

280 
290 
295 
230 
250 
250 
240  
210 

1 9 5  
230  
208 
250 
230  
275 
245 
250 
2 60 
200 
255 
210 
1 9 5  
210  
2 4 0  
1 9 5  
200 
290  

63  
69  
7 0  
7 0  
7 5  
8 0  

167  
7 1  

1 6 0  
6 9  

146 
1 3 8  

6 9  
66 
6 4  
6 3  
7 1  
7 1  
68  
7 4  
7 3  
7 2  
6 9  
7 2  
6 5  

1 6 8  

C 295 
1 5  210 
16 252  
20 210 
23  240  
3 4  240  
25  -T 212  
26 -T 230  
29 -T 2 0 0  
30 -T 240 

6 9  
6 6  
6 6  
6 5  
7 2  
7 0  
7 4  
7 4  
7 6  
7 5  

T - T a l l  Oil Pitch-Aluminum S u l f a t e  A d d i t i v e  
S - S i l i c o n e  A d d i t i v e  
W - Wibau Premix 



TABLE NO. 11 

RECOVERED ASPHALT PENETRATIONS 

GRANITE AGGREGATE 

Dense Graded Open Graded 
Mix Recover e d Mix Recovered - 

Mix' No 

B 

8 

9 

10 

14 

38T 

3 9T 

45s 

E -T 

47s 

sow 
51W 

295 

240 

250 

210 

220 

240 

190 

Asphalt i _, Asphalt 
Pen,@ 77F Mix No, '?FY' Pen, @ 77E 

64 D 292 69 

72 18 3 10 59 

66 19 260 60 

72 21 300 64 

64 22 190 71 

74 24 195 70 

73 27T 200 66 

- 

240 66 28T 245 73 

295 70 

2 20 70 

205 64 

200 65 

31T 210 66 

3zT 250 60 

-. . 
T - Tall Oil Pitch-Aluminum S u l f a t e  Additive 

S - Silicone Additive 
W - Wibau Premix 



% 
n. 

r? 

Asphal t  
Pen. 

88 

238 

88 

88 

88 

238 

88 

TABLE NO. 1 2  

RETAINED WET STRENGTH OF COMPACTED MIXES 

ARRrega t e  

Limes tone  

II 

1 1  

II 

I, 

Grad ing  

Dense 
I 1  

I ,  

S p e c i a l  
Cond i t ions  

None 
I ,  

T a l l  Oil 

S i l i c o n e  

Convent iona l  
II 

Wibau 

No. of 
T e s t s  

5 

4 

2 

3 

2 

1 

1 

% Ret. 
S t r e n p  t h  

101.7 

93.4 

93.2 

88.7 

103.3 

83.8 

86.3 

Open None 3 87.1 

T a l l  Oil 2 81.1 

Convent iona l  1 101.9 

II 68 

88 

88 

II II 

I 1  II 

88 G r a n i t e  Dense None 4 101.2 

T a l l  Oil 2 110.7 88 I 1  1 1  

88 S i  1 i c o n e  2 111.9 I 1  II 

Convent iona l  2 92.8 

Wibau 1 103.5 

I, , I  88 

68 II I 1  

88 Gran i t e  Open None 3 80.7 

T a l l  O i l  2 85.9 88 

88 

II I 1  

Convent iona l  1 93.9 I, 1 1  
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TABLE I 
DRUM MIXER: LABORATORY T E S T  DESIGN 

INITIAL GRADE 
MOISTURE MIX ASPHALT TYPE 

AGGREGATE A D D I T I V E S  GRADATION CONTENT TEMPERATURE (PENETRATION) 

A .  DRUM MIXER 

Limestone - 
5% / 
\ 

200 to 2200 

230 to 250' 

to loo F. 
.ZOO t o  250 

,85 to 100' 
F. 

'200 to 250 

85 to 100 200 to 220' F. - / Open 4% 
\ 

1 2 3 0  t o  250' F.- 85 to 100 

52<200 to 220' F. -85 t o  100 

230 t o  250' F.- 85 to 100 

85 t o  100 200 to 220' F.- 

I 2 3 0  to 250' F.-85 to 100 

200 to 220' F.- 85 t o  100 

/Dense - 
/ O p e n  4% Yes \ 

- No\ 

Limestone - 

D e n s e  - 5% / 

Open 4 %  / 

/ 1 2 3 0  to 250' F.- 85 t o  100 

85 t o  100 200 to 220' F. - 
l 2 3 0  to 250' F. -85 to 100 

Gravel 

200 t o  220' F.-85 to 100 / 5% 
. l 2 3 0  t o  250' F.- 85 t o  100 

200 to 220° F.- 85 t o  100 O p e n  -4% / 

Gravel - 
\ 2 3 0  to 250' F.-85 to 100 

4 B.  STANDARD HOT MIX CONTROL - 
,r -85 t o  100 

N/A 300' F. 
\ZOO to 250 

N/A O p e n  - 300' F. - 8 5  t o  100 

Limestone - 

85 to 100 Yes D e n s e  N I A  Limestone - 
D e n s e  N/A 300' F. -85 t o  100 

85 t o  100 
G r a v e l  - N O  

1 Open N/A - 300° F. 

N/A -5 to 100 G r a v e l  - Yes Dense - 



TABLE II 

DRUM MLXER TESTS LABORATORY OPERATING PROCEDURE 

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7. 

8 .  

9 .  

10. 

11. 

1 2 .  

13. 

1 4 .  

15 .  

1 6 .  

Run g r a d a t i o n s  on s t o c k  a g g r e g a t e s ,  compute b l e n d ,  b l end  and 
r e s c r e e n  f o r  each  b a t c h .  

Weigh 10 ,500  grams of a g g r e g a t e  b l end  i n t o  a 3 - g a l l o n  p a i l .  
Add 525 grams o f  wa te r  (5% m o i s t u r e ) .  

S e a l  c o n t a i n e r  and a l l o w  w e t t e d  a g g r e g a t e  t o  s e t  o v e r n i g h t  f o r  
maximum m o i s t u r e  a b s o r p t i o n .  

R o t a t e  d r y e r  and i g n i t e  b u r n e r .  Heat d r y e r  s h e l l  t o  250' F 
as measured e x t e r n a l l y  a t  t h e  midd le  of t h e  drum. 

Take  a 500 gram sample of a g g r e g a t e  f o r  a m o i s t u r e  t e s t  

Charge a g g r e g a t e  t o  t h e  drum mixe r .  Be c e r t a i n  t h e  f l i g h t  
c l o c k w i s e  f rom t h e  a s p h a l t  a d d i t i o n  p o i n t  ( a s  viewed f rom t h e  
c h a r g i n g  h a t c h )  i s  cove red  w i t h  a g g r e g a t e .  

Add a s p h a l t  h e a t e d  t o  2 7 5 O  F .  t o  co ld  a g g r e g a t e  i n  t h e  drum 
mixe r .  Use s p e c i a l  c o n t a i n e r  p rov ided  which  a l l o w s  an  e v e n  
d i s p e r s i o n  of a s p h a l t  ove r  t h e  w e t  a g g r e g a t e .  

C l o s e  t h e  mixer  c h a r g i n g  h a t c h .  

Turn  on t h e  combust ion  b lower .  

T..-.. n- -.. t h c  e x h a x s t  f z n ,  s 2 j u s t  t o  1 J L "  vacuum o r  l e s s  i n  t h e  
e x h a u s t  p i p e .  

I g n i t e  t h e  b u r n e r  and s t a r t  s t o p  watches  s i m u l t a n e o u s l y .  Ad- 
j u s t  u n t i l  g a s  m e t e r i n g  o r i f i c e  p r e s s u r e  d r o p  r e a d s  1 i n c h  W.C. 
Read and e n t e r  g a s  p r e s s u r e  r e a d i n g s .  Do Not R o t a t e  Drum. 

A t  30 seconds  s t a r t  drum r o t a t i n g  and t a k e  t h e  i n i t i a l  s e t  of 
e a d i n g s .  Take d a t a  i n d i c a t e d  i n  t h e  l o g  s h e e t .  

Take r e a d i n g s  a t  30 second i n t e r v a l s .  

When t h e  d e s i r e d  m a t e r i a l  t e m p e r a t u r e  i s  a t t a i n e d ,  s h u t  t h e  
bu rne r  o f f  immedia te ly  and n o t e  t h e  t ime .  

Qu ick ly  s h u t  o f f  t h e  combust ion  f a n ,  t h e  e x h a u s t  f a n  and t h e  
drum d r i v e .  

Open t h e  d i s c h a r g e  h a t c h  and check  t h e  m a t e r i a l  t e m p e r a t u r e  
w i t h  a r e l i a b l e  hand thermometer  (mercury t h e r m o m e t e r ) .  Re- 
c o r d  t h i s  t e m p e r a t u r e .  

n - 



TABLE I1 - Cont ' d .  

1 7 .  Remove aggregate  - a s p h a l t  mix .  

1 8 .  Weigh amount of mix r e c o v e r e d .  Record 

1 9 .  Sample and ana lyze  m i x .  

g r o s s  and t a r e  w e i g h t s  



ILLUSTRATION #1: 
THE BARBER-GREENE LABORATORY DRUM MIX SYSTEM WAS INSTALLED AT THE 
CHICAGC T E S T I N G  LABORATORY F A C I L I T I E S ,  NORTHBROOK, I L L I N O I S .  

THE DRUM MIXER W A S  CAREFULLY PREHEATED T O  A CONSISTENT 
SHELL TEMPERATURE BEFORE CHARGING A NEW BATCH. 



ILLUSTRATION #3 : 
EACH BATCH W A S  COMPLETELY REMOVED, WEIGHED AND SAMPLED. 

KEY TO SUCCESSFUL DRUM MIXER OPERATION I S  A COKCINUOUSLY 
MONITORED ASPHALT SYSTEM. 



ILLUSTRATION #5 : 
A T Y P I C A L  DRUM MIXER INSTALLATION,  COMPLETE WITH A 
HOT M I X  ELEVATOR AND SURGE SIU) SYSTEM. 

ILLUSTRATION #6 : 
DE'IERIORATION OF DUST-ASPHALT BALLS WITH TEMPERATURE 
AND EVOLUTION OF WATER. 
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The typical Drum Mix Plant consists of tern, and a dryer drum that combines 
a highly accurate cold feed system the drying and mixing functions. The 
with both total and proportional con- Drum Mix Plant shown is a Barber- 
trol, an asphalt metering system that Greene Model DM-75. 
is interlocked with the aggregate sys- 

B A R B E R - G R E E N E  C O M P A N Y  - A U R O R A ,  I L L I N O I S ,  U .  S .  A 
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The cold feed unit is the heart of the gra- proportion of each aggregate size can be 
dat'on cantral system on a drum mix plant. individually varied and the total amount o f  
Urder  each bin i sa  belt feeder powered by aggregate fed into the plant can be in- 
a variable speed electric motor.All o f  these creased or decreased without affecting 
fmders discharge onto a single gathering the proportions, thus providing both total 
belt. The system is designed so that the and proportional control. 

A gravimetr ic weigh br idge and 
spesd sensor assembly is mounted 
a n  the por:able inc l ined  feed 
conveyor. 

7 
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A walkway is provided to facililate 
.inspection and maintenance of the 
weigh bridge assembly. 

LVindguards. gravity take-up (not 
shown) and self-aligning features 
improve the reliabilily and ease of 
ca l ibrat ion o f  the we igh  br idge 
assembly. 

3 



THE ASPHALT SYSTEM 
The key lo a successful drum mix opera- 
l ion  i s  a continuously monitored asphalt 

Without this self regulaling feedback con- 
trol proper proportioning of the quantity 
of asphalt delivered cannol be assured. 

A motor driven worm gear actuator varies 
del ivered asphal: l o  ob ta in  amount  
required. 

i 



The drum mixer itself is a standard unit almost identical 
lo the standard dryers used in other asphalt plants. The 
burner, however. i s  mounted on the charging end instead 
o f  the discharge end. This makes i t  a parallel flow dryer, 
in which IhB material travels in the direction of the flame. 
instead of a counterflow type. in which the material 
travels toward the burner, becoming hotter as it reaches 
the discharge point. This change provides maximum 
h?ai during initial coating o f  the aggregate particles so 
that evaporating moisture can protect the asphalt from 
the harmful e f k C 1 S  o f  heat and flame. Drying and mixing 
conlins? through lhe length of the drum. 



Careful laboratory evaluation of 
the Drum Mix Process allowed 
Barber-Greene to c o n f i r m  the 
ability of the mixing drum to si- 
multaneously perform the drying 
and mixing functions aseffectively 
as a separate dryer and mixer. 

Barber-Greene Drum Mix units are designed for 
highway travel. Unit shown is a model DM-70. 

5 



The Barber-Greene control sys- 
tern for the drum mix plant is 
simple but eflicient. The left panel 
contains the cold feed and hllrnpr 

I 
! I  
I : , 

~~~ ~- 
Is. The start/Stop stalion 

and proportioning controls are in 
ht panel. Controls for  the 
ilo are attached lo the right 

4 
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i 
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Closeup view o f  asphalt proportioning 
controls, digital read-out of required as- 
phalt feed and delivered asphalt and ag- 
gregate feed. This control assures desired 
proportioning o f  aggregate and asphalt at 
all times. Simple dial adjustment provides 
compensation for variations in asphalt 
densily'and moisture content of aggregate. 

L 

A OM-70 plant operating in  Iowa 
with a wet scrubbersystem, which 
m e e t s  t h e  s t a t e  e m i s s i o n  
spec i f i ca t i ons~  



Surge systems are available with 
slat conveyors. 

Hot mix elevators can also be 
supplied with surge systems, 

A DFA-75 Dlant in Idaho 

7 
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ADM-70 plant operating in Minnesota. 

i .. 




