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ABSTRACT 

The foamed a s p h a l t  concept  has been around s i n c e  t h e  1950's.  R i s i n g  o i l  

p r i c e s  have c r e a t e d  a  renewed i n t e r e s t  i n  t h i s  process.  The purpose o f  t h i s  

p r o j e c t  was t o  c o n s t r u c t  an a s p h a l t  base u s i n g  t h e  foamed a s p h a l t  p rocess and 

t o  e v a l u a t e  i t s  performance. 

A  4.2 m i l e  l e n g t h  o f  Muscat ine County road  A-91 w a s ' s e l e c t e d  f o r  t h e  

r e s e a r c h  p r o j e c t .  A s p h a l t  c o n t e n t s  o f  4.5% and 5.5%, m o i s t u r e  c o n t e n t s  o f  70% 

and 90% o f  optimum, and fog ,  s i n g l e  c h i p ,  and doub le  c h i p  sea l  c o a t s  were used 

i n  v a r i o u s  comb ina t ions  t o  l a y  9  t e s t  s e c t i o n s  o f  4 - i n c h  foamed a s p h a l t  base. 

A f t e r  f i v e  y e a r s  o f  s e r v i c e  and e v a l u a t i o n ,  s e v e r a l  c o n c l u s i o n s  can be 

made concern ing  t h e  performance o f  t h e  foamed a s p h a l t  bases. 

1. The foamed a s p h a l t  p rocess can work as shown by  t h e  e x c e l l e n t  

performance o f  S e c t i o n s  2 and 3. 

2 .  Foamed a s p h a l t  base r e q u i r e s  a  w e l l  compacted subgrade and a  road  

p r o f i l e  s u i t a b l e  f o r  good d ra inage  o f  water .  T e s t  s e c t i o n  f a i l u r e s  

were m o s t l y  due t o  a  poor  subgrade and subsur face  m o i s t u r e .  

3. When t h e  base i s  p laced  i n  two o r  more l i f t s ,  extreme c a r e  must be 

e x e r c i s e d  t o  i n s u r e  adequate bond ing i s  ach ieved  between l i f t s .  

Any f u t u r e  r e s e a r c h  w i t h  foamed a s p h a l t  shou ld  i n c l u d e  v a r i o u s  a s p h a l t  

depths  i n  o r d e r  t o  de te rm ine  a  t h i c k n e s s l s t r e n g t h  r e l a t i o n s h i p  f o r  foamed 

a s p h a l t .  
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INTRODUCTION 

Iowa has r e c e n t l y  been i n v e s t i g a t i n g  u s i n g  foamed a s p h a l t  as  a  roadway 

base c o n s t r u c t i o n  m a t e r i a l .  The foamed a s p h a l t  p rocess  i s  n o t  new t o  Iowa. 

L a d i s  H. Csanyi ,  Iowa S t a t e  U n i v e r s i t y ,  deve loped  t h e  concep t  and demons t ra ted  

i t  i n  Iowa i n  t h e  l a t e  1 9 5 0 ' s  a s  Iowa Highway Research Board  P r o j e c t  HR-20. 

Today, o v e r  30 y e a r s  l a t e r ,  h i g h  c o s t s  f o r  a s p h a l t  cement and f o r  

t r a n s p o r t a t i o n  o f  q u a l i t y  a g g r e g a t e  make t h e  economics o f  foamed a s p h a l t  

a t t r a c t i v e .  

The "Foamix" p rocess  ( f o r  w h i c h  Conoco h o l d s  t h e  U.S. m a r k e t i n g  r i g h t s )  

i n v o l v e s  i n j e c t i n g  1 t o  2 p e r c e n t  w a t e r  i n t o  h o t  a s p h a l t  cement i n  a  s p e c i a l  

foaming chamber. A foam deve lops  wh i ch  i s  10 t o  20  t i m e s  t h e  o r i g i n a l  vo lume 

o f  t h e  a s p h a l t  cement. Aggrega tes  w h i c h  may n o t  meet g r a d a t i o n  o r  q u a l i t y  

s t a n d a r d s  f o r  a s p h a l t  c o n s t r u c t i o n  can be m i xed  w i t h  foamed a s p h a l t  and p l a c e d  

as a  roadway base. M i x i n g  t h e  agg rega tes  w i t h o u t  h e a t i n g  and d r y i n g  i s  

a n o t h e r  advan tage  o f  foamed a s p h a l t .  

Iowa Highway Research Boa rd  P r o j e c t  HR-212, " T r e a t i n g  I o w a ' s  M a r g i n a l  

Aggrega tes  and S o i l s  by  Foamix Process" ,  conduc ted  by  Dah-Yinn Lee o f  Iowa 

S t a t e  U n i v e r s i t y  i n v o l v e d  a  g r e a t  dea l  o f  l a b o r a t o r y  work  w i t h  d i f f e r e n t  Iowa 

m a t e r i a l s  and foamed a s p h a l t .  Research P r o j e c t  HR-257 was i n i t i a t e d  w i t h  

Musca t i ne  County  t o  i n c o r p o r a t e  t h e  l a b o r a t o r y  d a t a  i n t o  a  f i e l d  a p p l i c a t i o n  

t o  e v a l u a t e  foamed a s p h a l t  as a  roadway base. 

OBJECTIVE 

The o b j e c t i v e s  o f  t h e  d e m o n s t r a t i o n  p r o j e c t  were: 

1. To e v a l u a t e  t h e  per fo rmance  o f  a  base c o u r s e  c o n s t r u c t e d  u s i n g  foamed 

a s p h a l t  w i t h  l o c a l l y  a v a i l a b l e  318" minus  l i m e s t o n e  t a i l i n g s  and p i t  

r u n  sand. 
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2. To c o r r e l a t e  f i e l d  s t r e n g t h  c h a r a c t e r i s t i c s  and performance o f  foamed 

mixes w i t h  l a b o r a t o r y  s t r e n g t h  c h a r a c t e r i s t i c s  and performance. 

3. To deve lop  s p e c i f i c a t i o n s  and e v a l u a t e  i n s p e c t i o n  and c o n s t r u c t i o n  

procedures. 

PROJECT DESCRIPTION 

A  4.2 m i l e  s e c t i o n  o f  Muscat ine County Road A-91 was s e l e c t e d  f o r  t h e  

p r o j e c t  ( F i g u r e  1 ) .  The road i s  l o c a t e d  a l o n g  t h e  base o f  a  b l u f f  above t h e  

M i s s i s s i p p i  R i v e r  f l o o d  p l a i n .  The l e f t  p o r t i o n  o f  t h e  road i s  i n  a  c u t  

s e c t i o n  and t h e  r i g h t  p o r t i o n  o f  t h e  road i s  i n  a  f i l l  s e c t i o n .  The s t r u c t u r e  

o f  t h e  e x i s t i n g  roadbed was a  1 112- inch b u i l t - u p  sea l  c o a t  over  a  1 112- inch 

l i m e s t o n e  base. Average d a i l y  t r a f f i c  i s  230 t o  240 v e h i c l e s  per  day. 

TEST SECTIONS 

Nine foamed a s p h a l t  base t e s t  s e c t i o n s  were planned and cons t ruc ted .  The 

base was l a i d  4  inches t h i c k  and 22 f e e t  wide. The s e c t i o n s  a re  l i s t e d  i n  

TABLE I. 

S e c t i o n  No. 

1 

2  

3 

4  

5  

6  

7  

8  

9  

Sta. t o  Sta. 

139 t o  165 

165 t o  180 

180 t o  194 

194 t o  220 

220 t o  246 

246 t o  278 

278 t o  309 

309 t o  338 

338 t o  365 

TABLE I 
TEST SECTIONS 

Aspha l t  
Content  (%)  

4.5 

4.5 

4.5 

5.0 

5.0 

4.5 

4.5 

4.5 

4.5 

M o i s t u r e  
( %  o f  Optimum) 

7 5  

90 

90 

90 

7  5  

7  5 

90 

90 

7 5  

Su r face  Treatment 

f og  sea l  

f o g  sea l  

double c h i p  sea l  

doub le  c h i p  sea l  

doub le  c h i p  sea l  

s i n g l e  c h i p  sea l  

s i n g l e  c h i p  sea l  

s i n g l e  c h i p  sea l  

s i n g l e  c h i p  sea l  



F i g u r e  1 

PROJECT LOCATION 

MUSCATINE COUNTY 
IOWA 

337+12.0 Ahd. 
- - 
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MATERIALS AN0 PROCEDURES 

L a b o r a t o r y  t e s t i n g  by  Lee on IHRB P r o j e c t  HR-212 showed t h a t  s e v e r a l  

l o c a l l y  a v a i l a b l e  m a t e r i a l s  i n  Iowa a r e  s u i t a b l e  f o r  foamed a s p h a l t .  One o f  

t h e  more p r o m i s i n g  m a t e r i a l s  i s  l i m e s t o n e  s c r e e n i n g s  from t h e  p r o d u c t i o n  o f  

c o n c r e t e  s tone .  

M i x  Des ign  

Samples o f  l i m e s t o n e  s c r e e n i n g s  and f i l l  sand were o b t a i n e d  f r om  

M u s c a t i n e  County  f o r  p r e l i m i n a r y  t e s t i n g .  Based on t e s t i n g  b y  Lee, 

s p e c i f i c a t i o n s  were deve loped  f o r  an a g g r e g a t e  b l e n d  o f  50 p e r c e n t  l i m e s t o n e  

and 50  p e r c e n t  sand (Append ix  A). 

A  p r e - b i d  m e e t i n g  was h e l d  w i t h  r e p r e s e n t a t i v e s  o f  Conoco, t h e  Iowa DOT, 

Musca t i ne  County,  an agg rega te  s u p p l i e r  and s e v e r a l  c o n t r a c t o r s .  A t  t h e  

mee t i ng ,  Conoco r e p r e s e n t a t i v e s  expressed  conce rn  o v e r  t h e  l o w  p e r c e n t a g e  o f  

m inus  #ZOO s i e v e  m a t e r i a l  s p e c i f i e d .  Foamed a s p h a l t  c o a t s  o n l y  t h e  f i n e  

p a r t i c l e s  and p a s t  e x p e r i e n c e  has shown t h a t  an agg rega te  w i t h  1 0  t o  30  

p e r c e n t  p a s s i n g  t h e  #ZOO s i e v e  p r o v i d e s  a  s a t i s f a c t o r y  m i x .  Subsequen t l y ,  t h e  

agg rega te  b l e n d  was a d j u s t e d  t o  70  p e r c e n t  l i m e s t o n e  and 30  p e r c e n t  sand t o  

i n c r e a s e  t h e  minus  #ZOO m a t e r i a l  t o  a  minimum o f  8 p e r c e n t  f o r  t h e  combined 

agg rega te .  A  t y p i c a l  combined a g g r e g a t e  g r a d a t i o n  i s  i n  T a b l e  11. 

TABLE I 1  
TYPICAL COMBINED AGGREGATE GRADATION 

S i e v e  S i z e  
318" 

P e r c e n t  P a s s i n g  
99 

The l i m e s t o n e  s c r e e n i n g s  were f r om  t h e  Wend l i ng  Q u a r r i e s  I nc . ,  Moscow q u a r r y  

and t h e  sand was f r om  Wend l i ng ' s  A t a l i s s a  M c K i l l i p  p i t .  
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Iowa S t a t e  U n i v e r s i t y  developed t h e  j o b  m i x  w i t h  a  l a b - s i z e  foaming 

u n i t .  Mixes were compacted a t  room tempera tu re  and oven cured a t  1 2 0 ' ~  and 

1 4 0 ' ~  f o r  3 days b e f o r e  t e s t i n g .  Tab le  I 1 1  l i s t s  t h e  l a b o r a t o r y  t e s t  r e s u l t s  

f o r  t h e  p r o j e c t  j o b  mixes.  

TABLE I 1 1  
FOAMED ASPHALT MIX DESIGN 
HR-257 MUSCATINE COUNTY 

Mix  No. 
Tes t  1 2  3  - 

Asph. AC-5, 400-600 p o i s e s  (H.L.=19 sec; F.R.=11.3) 

% Asph. i n  Mix  4.2 4.2 5.6 

% M o i s t u r e  by w t .  agg. 6.8 8.0 7.3 

% o f  Optimum M o i s t u r e  7 7 9 1 83 

No. o f  Marsha l l  Blows 5  0  5  0  50 

M a r s h a l l  S t a b i l i t y  - Lbs. 698 650 555 620 425 452 

Flow - 0.01 I n .  5  6  8  9 7 7 

S p e c i f i c  G r a v i t y  ( c u r e d )  2.03 2.02 2.04 2.03 2.02 2.02 

S p e c i f i c  G r a v i t y  ( d r y )  2.03 2.02 2.03 2.02 2.02 2.02 

% v o i d s  - Calc.  16.8 17.1 16.8 17.0 15.7 15.7 

Cur ing  Temp ( 3  days ) ,  O F  120 140 120 140 120 140 

Recommendation - 6.8% and 8.0% m o i s t u r e  

4.5% and 5.5% a s p h a l t  cement 

P l a n t  Opera t ion  

The p l a n t  accepted f o r  use was a  Colenco brand s t a t i o n a r y  p u g m i l l  m i x e r  

s p e c i a l l y  designed t o  produce foamed a s p h a l t  ( F i g u r e  2 ) .  S p e c i a l  p r o v i s i o n s  

f o r  equipment a re  i n  Appendix A. 
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F i g u r e  2 - S t a t i o n a r y  P l a n t  W i t h  Pug in i l l  M i x e r  f o r  
Foamed A s p h a l t  P r o d u c t i o n  

Aggregate  was p r o p o r t i o n e d  t h r o u g h  a  s p l i t  b i n  system. A w a t e r  f eed  

system above t h e  m a t e r i a l  conveyor  s u p p l i e d  t h e  r e q u i r e d  amount o f  w a t e r  t o  

t h e  agg rega te  on t h e  conveyor  b e l t  ( F i g u r e  3 ) .  The w a t e r  f o r  foaming t h e  

a s p h a l t  cement was d e l i v e r e d  t h r o u g h  a  s e p a r a t e  w a t e r  pump system. The 

"Foamix" s p r a y  head, l o c a t e d  above t h e  p u g m i l l ,  combined a s p h a l t  cement a t  

3400F and a  volume o f  c o l d  w a t e r  equal  t o  2 p e r c e n t  o f  t h e  a s p h a l t  volume. 

The agg rega te  was sprayed w i t h  t h e  foamed a s p h a l t  cement as i t  e n t e r e d  i n t o  

t h e  t w i n - s h a f t  p u g m i l l .  The m i x e r  p roduced 180 t o n s  o f  m i x  pe r  hour.  A t  t h i s  

r a t e  t h e  m i x i n g  t i m e  i n  t h e  p u g m i l l  was l e s s  t h a n  12 seconds. 
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M ix  s t o r a g e  b i n s  were n o t  p rov ided ,  so when no p l a n t - t o - p r o j e c t  hau l  

t r u c k s  were a v a i l a b l e ,  m i x  was s t o r e d  i n  a  s t o c k p i l e  a t  t h e  p l a n t  s i t e .  The 

s t o c k p i l e  s i t e  was s u r f a c e d  w i t h  foamed a s p h a l t  t o  p r e v e n t  s t o c k p i l e  

con tamina t ion .  A l l  t h e  m ix  produced d u r i n g  a  day was p laced  t h e  same day. 

F i g u r e  3 - Aggregate Water A p p l i c a t i o n  System 
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CONSTRUCTION 

I l l i n o i s - I o w a  B l a c k t o p ,  I n c .  o f  Rock I s l a n d ,  I l l i n o i s ,  was awarded t h e  

p r o j e c t .  A copy o f  t h e  p r o j e c t  c o n t r a c t  i s  i n  Appendix B. C o n s t r u c t i o n  began 

i n  August 1983. The s p e c i d l  p r o v i s i o n s  f o r  t h e  p r o j e c t  a r e  i n  Appendix A. 

P r e p a r a t i o n  o f  t h e  Subbase 

To p r o v i d e  a  u n i f o r m  subbase f o r  pav ing,  t h e  1 112 i n c h  b u i l t - u p  sea l  

coa t  ove r  a  1 112 i n c h  l i m e s t o n e  base was s c a r i f i e d  f u l l  dep th ,  p u l v e r i z e d ,  

r e l a i d  and compacted. S c a r i f y i n g  and r e l a y i n g  t h e  roadbed a l s o  p r o v i d e d  a  

permeable subbase wh ich  a l l o w e d  wa te r  f rom t h e  f r e s h  foamed a s p h a l t  t o  d r a i n  

away. Muscat ine County maintenance personnel  d i d  t h i s  p o r t i o n  o f  t h e  work. 

Foamed Aspha l t  Placement 

The c o n t r a c t o r  began p r o d u c t i o n  o f  foamed a s p h a l t  on August 25, 1983 and 

f i n i s h e d  on September 29, 1983. The m ix  was s i m i l a r  i n  c o l o r  t o  t h e  wet 

aggregate  w i t h  l i t t l e  v i s i b l e  ev idence o f  a s p h a l t  p r e s e n t  i n  t h e  mix. 

Haul d i s t a n c e  f rom t h e  p l a n t  t o  t h e  p r o j e c t  was a p p r o x i m a t e l y  20 m i l e s .  

The m ix  was p laced  i n  two 2 - i n c h  l i f t s  one l a n e  a t  a  t ime.  C o n s t r u c t i o n  began 

a t  t h e  west  end w i t h  s e c t i o n  1. C o n s t r u c t i o n  o f  one s e c t i o n  was always 

completed b e f o r e  t h e  s t a r t  o f  another .  Loaded t r u c k s  t r a v e l e d  on t h e  f r e s h l y  

l a i d  f i r s t  l i f t  d u r i n g  placement o f  t h e  second l i f t .  A Barber  Greene tamper- 

ba r  paver was used t o  p l a c e  t h e  mix.  The m ix  l a i d  s i m i l a r  t o  h o t  mix,  b u t  d i d  

n o t  f l o w  l i k e  h o t  m ix  f rom t h e  t r u c k s  o r  th rough  t h e  paver  ( F i g u r e  4) .  Each 

t i m e  t h e  paver stopped, a  depress ion  was c r e a t e d  i n  t h e  mat. M ix  was raked 

i n t o  t h e  depress ions and a l o n g  t h e  c e n t e r  l i n e  j o i n t .  However, r a k i n g  t h e  m i x  

caused t h e  m a t e r i a l  t o  segregate.  
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Figure 4 - Foamed Asphalt Placed w i t h  a Barber 
Greene Paver 
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Compaction was accomplished using a s t a t i c  s t e e l  drum r o l l e r  with a 

compressive force g rea te r  than 200 pounds per inch width. A minimum of four 

passes was required. The mix tended t o  shove ahead of the  r o l l e r  drum and a 

change of d i rec t ion  by the r o l l e r  produced a bump. The r o l l i n g  a l s o  crea ted  

ha i r l ine  transverse cracks a t  approximately 1-inch i n t e r v a l s .  The use of a 

rubber t i r e d  r o l l e r  and subsequent t r a f f i c  tended to  heal the  cracks. The 

speci f ied  densi ty was e a s i l y  achieved. 

After compaction, a  pen e a s i l y  could be pushed through the 4-inch mat t o  

the  subbase. As the pavement cured, the binding proper t ies  of the a spha l t  

cement became stronger.  Curing appeared most rapid during hot ,  sunny days. 

The compacted mat changed from a grayish aggregate color  t o  a  black c o l o r ,  

simular in appearance to  asphal t  concrete,  within 1 t o  2 days. 

A tack coat was i n i t i a l l y  planned between the pavement l i f t s .  I t  was 

eliminated upon the recommendation of personnel with foamed asphal t  

experience. During the shouldering operat ion,  the top l i f t  of asphal t  on the  

l e f t  s ide of section 6 began s l i d i n g  off  the f i r s t  l i f t .  Section 6 was the 

f i r s t  sect ion to  not have the f i r s t  and second l i f t s  placed the same day. 

There was a 5-day delay before the second l i f t  was placed. During t h i s  time 

i t  rained on the project .  For the  remainder of the projec t  ( sec t ions  8 and 

9 ) ,  a CSS-1 emulsion tack was placed between l i f t s .  

Correction of Problems 

The plant operated cor rec t ly  the  f i r s t  day of production. During the 

n ight ,  l ightening struck the p lan t ,  causing malfunctions the next day. The 

asphal t  metering system f i r s t  delivered too much asphalt  cement to  the mix. 

After adjustments, the metering system delivered too l i t t l e  asphal t  cement t o  

the mix. The major portion of sect ions 2 and 3 was paved before the problem 
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was c o r r e c t e d .  The t o p  l i f t  o f  t h e  r i g h t  s i d e  o f  s e c t i o n s  2  and 3  ( l o w  A.C. 

c o n t e n t )  had t o  be removed and rep laced .  The remainder  o f  t h e  two s e c t i o n s  

was unacceptab ly  rough. The c o n t r a c t o r  p laced  a  1.5 i n c h  t h i c k  t h i r d  l i f t  o f  

foamed a s p h a l t  f rom Sta. 165 t o  Sta.  194 ( s e c t i o n s  2  and 3 )  t o  o b t a i n  a  

r e l a t i v e l y  smooth su r face .  

To c o r r e c t  t h e  s l i p p a g e  problem on s e c t i o n  6, t h e  t o p  l i f t  o f  t h e  l e f t  

s i d e  was removed. Due t o  a  d e l a y  i n  c o r r e c t i n g  t h e  problem, a  h o t  a s p h a l t i c  

conc re te  m ix  was used t o  r e p l a c e  t h e  removed l i f t .  The s p e c i a l  p r o v i s i o n s  

s p e c i f i e d  a  minimum 7-day c u r e  f o r  foamed a s p h a l t  p r i o r  t o  sea l  c o a t i n g .  

Us ing h o t  A.C. c o n c r e t e  a l l owed  t h e  sea l  c o a t i n g  o p e r a t i o n  t o  b e g i n  s e v e r a l  

days sooner. 

From t h e  s t a r t  o f  m i x  p r o d u c t i o n ,  t h e  m i x i n g  t i m e  i n  t h e  p u g m i l l  and t h e  

r e s u l t i n g  amount o f  p a r t i c l e  c o a t i n g  were d iscussed.  Severa l  paddles were 

reve rsed  on t h e  m i x i n g  s h a f t s  and a  dam was p laced  across t h e  m i x e r  open ing t o  

h o l d  t h e  m a t e r i a l  l o n g e r  i n  t h e  p u g m i l l .  An a n t i - f o a m i n g  c o u n t e r  agent  was 

a l s o  added t o  t h e  a s p h a l t  cement t o  i n c r e a s e  t h e  foam h a l f - l i f e  f o r  m ix  p laced  

on s e c t i o n  9. These e f f o r t s  i nc reased  t h e  p a r t i c l e  c o a t i n g  o n l y  s l i g h t l y .  

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

aggregate  c o a t i n g  was n o t  eva lua ted .  

Sur face Treatment 

The c o n t r a c t o r  a p p l i e d  t h e  s i n g l e  c h i p  sea l  c o a t  on October 3  t h r o u g h  5, 

1983, on s e c t i o n s  3  t o  9. A CRS-2 e m u l s i f i e d  a s p h a l t  was p laced  a t  a  r a t e  o f  

0.29 ga l  pe r  sq  yd. A 318- inch l i m e s t o n e  cover  aggregate  was spread a t  23.6 

l b s  per  sq yd. The p r o j e c t  p l a n s  s p e c i f i e d  a  doub le  c h i p  sea l  c o a t  f o r  

s e c t i o n s  3, 4  and 5. The second sea l  w a s n ' t  p l a c e d  u n t i l  September 5,  1984 

due t o  t h e  l a t e  c o m p l e t i o n  o f  t h e  f i r s t  sea l .  CRS-2 e m u l s i f i e d  a s p h a l t  was 

p laced  a t  t h e  r a t e  o f  0.28 g a l  pe r  sq yd and 318- inch l i m e s t o n e  aggregate  was 

spread a t  25 l b s  per  sq  yd. 
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S e c t i o n s  1 and 2 r e c e i v e d  a  f o g  s e a l  on October 10, 1983. An a p p l i c a t i o n  

o f  0.05 g a l  pe r  sq y d  o f  1:l d i l u t e  CSS-1 e m u l s i f i e d  a s p h a l t  was used. 

Because t h e  s u r f a c e  o f  S e c t i o n  1 began t o  r a v e l  a f t e r  t h e  f o g  sea l  was p laced ,  

a  s i n g l e  c h i p  s e a l  c o a t  was added a t  t h e  t i m e  S e c t i o n s  3,  4, and 5 r e c e i v e d  

t h e i r  second s e a l .  

CONSTRUCTION TESTING 

P r o j e c t  t e s t i n g  c o n s i s t e d  o f :  

1. M o i s t u r e  and g r a d a t i o n  d e t e r m i n a t i o n  o f  t h e  aggregates .  

2. Foam h a l f - l i f e  and foam r a t i o  d e t e r m i n a t i o n  o f  t h e  foamed 

a s p h a l t  cement. 

3. F i e l d  and l a b o r a t o r y  d e n s i t y  d e t e r m i n a t i o n .  

4. M o i s t u r e  l o s s  d e t e r m i n a t i o n  d u r i n g  cure .  

Aggregate M o i s t u r e  and G r a d a t i o n  D e t e r m i n a t i o n  

P r i o r  t o  p l a n t  s t a r t - u p  each day, t h e  m o i s t u r e  c o n t e n t  o f  each aggregate  

s t o c k p i l e  was determined.  The amount o f  a d d i t i o n a l  w a t e r  needed t o  reach  t h e  

t a r g e t  m o i s t u r e  c o n t e n t  was t h e n  c a l c u l a t e d .  D u r i n g  p r o d u c t i o n ,  wet  agg rega te  

was o b t a i n e d  f rom t h e  conveyor  b e l t  and t e s t e d  t o  v e r i f y  t h e  combined 

aggregate  m o i s t u r e  c o n t e n t .  M o i s t u r e  d e t e r m i n a t i o n s  a r e  i n  Appendix C. 

The wa te r  c o n t e n t  was d i f f i c u l t  t o  c o n t r o l  because o f  v a r i a t i o n s  i n  

s t o c k p i l e  m o i s t u r e  and i n  t h e  p l a n t  w a t e r  m e t e r i n g  system. When t h e  m o i s t u r e  

c o n t e n t  was found t o  be i n c o r r e c t ,  t h e  w a t e r  pump was a d j u s t e d  t o  t h e  c o r r e c t  

s e t t i n g .  W i th  c l o s e  a t t e n t i o n ,  t h e  p r o j e c t  m i x i n g  l n o i s t u r e  c o n t e n t  c o u l d  have 

been c o n t r o l l e d  t o  w i t h i n  0.75 t o  1.00 p e r c e n t  o f  t a r g e t .  

B o t h  aggregates  a r e  by -p roduc ts  o f  c o n c r e t e  aggrega te  p r o d u c t i o n .  As 

such, t h e  g r a d a t i o n s  sometimes v a r i e d  1 t o  2 p e r c e n t  more t h a n  g r a d a t i o n s  f o r  

m a t e r i a l  produced t o  meet Iowa DOT s t a n d a r d  s p e c i f i c a t i o n s .  
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Foam H a l f - L i f e  and Foam R a t i o  D e t e r m i n a t i o n  

The q u a l i t y  o f  t h e  foamed a s p h a l t  cement was checked a t  l e a s t  t w i c e  

d a i l y .  A spray  n o z z l e  was a t t a c h e d  t o  t h e  o u t s i d e  o f  t h e  p u g m i l l  f o r  a s p h a l t  

sampl ing.  The n o z z l e  had t o  be heated and 5 g a l l o n s  o f  foamed a s p h a l t  f l u s h e d  

t h r o u g h  t h e  system b e f o r e  a  sample c o u l d  be ob ta ined .  

Foam h a l f - l i f e ,  t h e  t i m e  r e q u i r e d  f o r  t h e  foamed a s p h a l t  cement t o  

d e f l a t e  t o  h a l f  i t s  i n i t i a l  volume, was checked by  f i l l i n g  a  5 - g a l l o n  

c o n t a i n e r .  T iming o f  t h e  h a l f - l i f e  s t a r t e d  a f t e r  t h e  sample was ob ta ined .  A 

r u l e r  was used t o  determine t h e  p o i n t  o f  h a l f  volume. The h a l f - l i f e  u s u a l l y  

ranged f rom 25 seconds t o  35 seconds w i t h  twen ty  seconds s p e c i f i e d  as t h e  

minimum h a l f - 1  i f e .  

The foam r a t i o ,  a  r a t i o  o f  t h e  o r i g i n a l  a s p h a l t  cement volume t o  t h e  

volume o f  t h e  a s p h a l t  i n  t h e  foamed s t a t e ,  was checked u s i n g  t h e  same 5 - g a l l o n  

sample used f o r  t h e  h a l f - l i f e  d e t e r m i n a t i o n .  Suggested p l a n t  c o n t r o l  

s p e c i f i c a t i o n s  f rom Conoco recommended t h e  f o l l o w i n g :  

E s t a b l i s h  l i m i t s  f o r  a s p h a l t  mass a t  foam volume r a t i o s  o f  8  and 15 f o r  
foam sample cans. Measure sample c o n t a i n e r  i n s i d e  d iamete r  and h e i g h t  
t o  t h e  b r i m  o r  a  d i s c e r n a b l e  f i l l  l i n e  near  i t  and c a l c u l a t e  volume i n  
c u b i c  i nches  ( o r  c u b i c  c e n t i m e t e r ) .  D i v i d e  c a l c u l a t e d  volume by e i g h t  
and c o n v e r t  t o  maximum a l l o w e d  mass o f  a s p h a l t  j n  l b  ( o r  g)  f o r  foam 
sample (minimum foam r a t i o )  u s i n g  0.036 l b / i n c h  ( o r  1.0 g /cc ) .  
L i kew ise ,  d i v i d e  c a l c u l a t e d  volume by 15 and c o n v e r t  t o  minimum a l l o w e d  
mass o f  a s p h a l t  i n  l b  ( o r  g) f o r  foam sample (maximum foam r a t i o ) .  
These c a l c u l a t i o n s  c o n s i d e r  h o t  a s p h a l t  t o  have a  s p e c i f i c  g r a v i t y  o f  
1.0. 

The foam r a t i o  was t o  be between 1 :8  and 1:15. Rather  than  weigh t h e  sample, 

t h e  p l a n t  i n s p e c t o r  a l l o w e d  t h e  sample t o  d e f l a t e  t o t a l l y  and measured t h e  

d i s t a n c e  f rom t h e  f i l l  l i n e  t o  t h e  d e f l a t e d  a s p h a l t .  The r a t i o  o f  t h e  dep th  

o f  a s p h a l t  t o  dep th  o f  f i l l  l i n e  i s  t h e  foam r a t i o .  Accuracy o f  t h e  volume by 

measur ing t h e  a s p h a l t  dep th  was 2 100 cc  f o r  a  sample w e i g h t  o f  2400 grams t o  

1100 grams. The foam r a t i o  ranged f rom 1:10 t o  1:14 on t h e  p r o j e c t .  



F i e l d  and L a b o r a t o r y  D e n s i t y  D e t e r m i n a t i o n  

F i e l d  d e n s i t i e s  were o b t a i n e d  by b o t h  
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t h e  n u c l e a r  gauge method and t h e  

rubber  b a l l o o n  method. Appendix D  c o n t a i n s  t h e  r e s u l t s  o f  t h e  d e n s i t y  

t e s t i n g .  A t  most l o c a t i o n s  t h e  n u c l e a r  and b a l l o o n  t e s t s  were r u n  a t  

d i f f e r e n t  t imes.  Nuc lea r  t e s t s  were t a k e n  1 t o  2  f e e t  from t h e  b a l l o o n  " r a t  

h o l  en. 

V a r i a t i o n s  i n  g r a d a t i o n ,  m o i s t u r e  c o n t e n t ,  a s p h a l t  c o n t e n t  and degree o f  

compact ion were a l l  f a c t o r s  which may have caused t h e  wide range o f  d e n s i t i e s .  

Ta rge t  d e n s i t i e s  were determined f rom m i x  o b t a i n e d  a t  t h e  road.  The 

samples were compacted a t  room tempera tu re  i n t o  M a r s h a l l  specimens a t  t h e  Iowa 

DOT, D i s t r i c t  5, M a t e r i a l s  L a b o r a t o r y  and a t  I.S.U. Tab le  I V  l i s t s  t h e  t a r g e t  

d e n s i t i e s  o b t a i n e d  f rom specimens cu red  f o r  3 days a t  150 '~ .  

TABLE I V  
TARGET DENSITIES 

MARSHALL SPECIFIC GRAVITIES 

S e c t i o n  No. 
1 
2  
3 
4 
5 
6  
7  
8 
9 

*Determined a t  I.S.U. 

S p e c i f i c  G r a v i t y  
2.07* 
2.06* 
2.06* 
2.08 
2.14 
2.08 
2.10 
2.10 
2.07* 

F i e l d  d e n s i t i e s  exceeded a  s p e c i f i c  g r a v i t y  o f  2.10 a t  50 p e r c e n t  o f  t h e  

l o c a t i o n s  when determined by t h e  b a l l o o n  method and 66 p e r c e n t  o f  t h e  

l o c a t i o n s  when determined by t h e  n u c l e a r  method. The number o f  f i e l d  

d e n s i t i e s  exceeding 100 p e r c e n t  o f  t a r g e t  d e n s i t y  i n d i c a t e s  a  need f o r  a  more 

r e a l i s t i c  t a r g e t  d e n s i t y  d e t e r m i n a t i o n .  
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M o i s t u r e  Loss D e t e r m i n a t i o n  

The m o i s t u r e  l o s s  f rom t h e  base versus t i m e  a f t e r  base placement was 

determined f rom samples t a k e n  d u r i n g  d e n s i t y  t e s t i n g  ( F i g u r e  5 ) .  M o i s t u r e  

r a p i d l y  evapora ted f rom t h e  base d u r i n g  t h e  sunny, 80' t o  9 0 ' ~  weather .  

W i t h i n  3 t o  4 days a f t e r  p lacement,    no st o f  t h e  w a t e r  had l e f t  t h e  foamed 

a s p h a l t .  Samples t a k e n  a f t e r  4 days g e n e r a l l y  had m o i s t u r e  c o n t e n t s  r a n g i n g  

f rom 1 t o  3.5 pe rcen t .  Rain; c o o l ,  c l o u d y  weather;  and shade tended t o  s low  

m o i s t u r e  l o s s .  

F i g u r e  5 - Base M o i s t u r e s  Loss Over Time 
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SUGGESTED CONTROL AND SPECIAL PROVISIONS CHANGES 

Recommended changes f o r  f u t u r e  foamed a s p h a l t  p r o j e c t s  i n  Iowa a re :  

1. Do n o t  accep t  a  s p l i t - b i n  aggregate  p r o p o r t i o n i n g  system f o r  two 

aggregate  mixes.  

The p l a n t  accepted f o r  t h e  p r o j e c t  had a  s p l i t - b i n  

system. I t was e v i d e n t  t h e  system d i d  n o t  p r o v i d e  t h e  

d e s i r e d  p r o p o r t i o n i n g  accuracy.  

2. Requi re  t h e  q u a n t i t y  o f  wa te r  f o r  m i x i n g  be c o n t r o l l e d  w i t h i n  1.0 

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

W i t h o u t  covered s t o c k p i l e s ,  t h e  m o i s t u r e  c o n t e n t  was 

d i f f i c u l t  t o  m a i n t a i n .  Lee found t h a t  65 t o  85 p e r c e n t  o f  

optimum m o i s t u r e  c o n t e n t  (AASHTO T-99) c o n s t i t u t e d  t h e  

optimum m i x i n g  m o i s t u r e  c o n t e n t  f o r  foamed a s p h a l t  

m i x t u r e s .  Wi th  c l o s e  i n s p e c t i o n ,  wa te r  c o n t e n t  c o u l d  be 

c o n t r o l l e d  w i t h i n  t h e  optimum m i x i n g  m o i s t u r e  c o n t e n t  

range. 

3. S p e c i f y  a  minimum m i x i n g  t i m e  i n  t h e  p u g m i l l .  

The p l a n t  p r o d u c t i o n  was l i m i t e d  o n l y  by t h e  maximum r a t e  

a t  wh ich  t h e  l i m e s t o n e  sc reen ings  would pass t h r o u g h  t h e  

b i n  gate. It i s  f e l t  t h a t  i n c r e a s i n g  t h e  m i x i n g  t i m e  i n  

t h e  p u g m i l l  would a l l o w  more tho rough  m i x i n g  o f  t h e  two 

aggregates and a  more even d i s t r i b u t i o n  o f  a s p h a l t  

t h r o u g h o u t  t h e  mix. 

4. Requi re  t r i a l  m i x i n g  b e f o r e  p r o j e c t  s t a r t - u p  and d u r i n g  t h e  p r o j e c t  as 

reques ted  by  t h e  eng ineer .  

Conoco p r o v i d e s  ranges f o r  foam r a t i o  and h a l f - l i f e  t o  

produce p roper  foamed a s p h a l t .  However, i t  appeared t h a t  

w i t h i n  t h e  ranges s p e c i f i e d ,  m i x  qua1 i t y  c o u l d  vary.  
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T r i a l  m i x i n g  would p r o v i d e  f o r  a  t a r g e t  foam r a t i o  and 

h a l f - l i f e .  T r i a l  m i x i n g  would a l s o  a l l o w  t h e  eng ineer  t o  

de te rm ine  a  p roper  m i x i n g  t ime.  

5. S p e c i f y  compact ion t o  c o n t i n u e  u n t i l  100 pe rcen t  o f  t a r g e t  d r y  d e n s i t y  

i s  ach ieved as measured by b a l l o o n  o r  n u c l e a r  methods. T a r g e t  d r y  

d e n s i t y  s h a l l  be de te rm ined  f rom a  t e s t  s t r i p  compacted t o  maximum 

d e n s i t y .  

The f i e l d  p lacement and compact ion o f  t h e  foamed a s p h a l t  

i m p a r t s  a  d i f f e r e n t  t y p e  o f  compact ive  e f f o r t  t h a n  

M a r s h a l l  o r  P r o c t o r  compaction. Cores taken  f rom t h e  

roadway have a s p h a l t  r e l a t i v e l y  w e l l  d i s p e r s e d  t h r o u g h o u t  

t h e  aggregate.  Specimens compacted and cu red  i n  t h e  

l a b o r a t o r y  w i t h  f i e l d  m ix  a r e  g ray  w i t h  a  b lack ,  s p o t t e d  

appearance. The a s p h a l t  appeared t o  be uneven ly  

d i spersed .  

6. S p e c i f y  a  c u t o f f  d a t e  o f  October 1 f o r  foamed a s p h a l t  c o n s t r u c t i o n  i n  

Iowa. 

PROJECT COSTS 

The i n - p l a c e  b i d  p r i c e  f o r  t h e  4 - i n c h  foamed a s p h a l t  base, i n c l u d i n g  a  

s i n g l e  c h i p  sea l ,  was $27.64 pe r  t o n  u s i n g  a  4.5 p e r c e n t  a s p h a l t  cement mix .  

I l l i n o i s - I o w a  B l a c k t o p  p laced  2600 tons  o f  Type B a s p h a l t i c  c o n c r e t e  base 

a d j a c e n t  t o  t h e  r e s e a r c h  p r o j e c t  i n  1984. The b i d  p r i c e  was $28.14 pe r  t o n  

f o r  t h e  5.35 p e r c e n t  a s p h a l t  cement h o t  mix.  Commonly, r e s e a r c h  p r o j e c t s  

i n v o l v i n g  un ique c o n s t r u c t i o n  techn iques  and s e c t i o n s  o f  s h o r t  l e n g t h  w i l l  be 

b i d  h i g h  by c o n t r a c t o r s .  The f r e q u e n t  changeovers and u n c e r t a i n t y  o f  success 

r e s u l t  i n  t h e  h i g h e r  p r i c e s .  
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CONSTUCTION SUMMARY 

The p r o j e c t  was comple ted w i t h  o n l y  a few c o n s t r u c t i o n  problems. The 

most  s i g n i f i c a n t  p rob lems were:  

1. D i f f i c u l t y  c o n t r o l l i n g  m i x i n g  m o i s t u r e  c o n t e n t .  
2 .  A v a r i a b l e  degree o f  compact ion .  
3. A r o u g h  r i d i n g  s u r f a c e .  
4. S l i p p a g e  between t h e  base l i f t s  on one s e c t i o n .  

The problems were b a s i c a l l y  caused by  a l a c k  o f  knowledge and e x p e r i e n c e  w i t h  

foamed a s p h a l t .  

M i x i n g  Time-15 seconds M i x i n g  Time-10 m i n u t e s  

F i g u r e  6 - Comparison o f  L a b o r a t o r y  M i x i n g  Time on Degree o f  
P a r t i c l e  C o a t i n g  by Foamed A s p h a l t  
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EVALUATION 

The foamed a s p h a l t  base was eva lua ted  f o r  a  p e r i o d  o f  f i v e  years .  

T e s t i n g  i n c l u d e d  annual  c r a c k  surveys and road  r a t e r  t e s t s  and b iannua l  road  

meter  t e s t s .  A lso ,  v i s u a l  surveys o f  t h e  genera l  c o n d i t i o n  o f  t h e  pavement 

were made each year .  

Crack Survey 

The annual c r a c k  surveys r e v e a l e d  a  p r o g r e s s i v e l y  i n c r e a s i n g  l e v e l  o f  

s h o r t ,  t i g h t ,  l o n g i t u d i n a l  c r a c k s  e x t e n d i n g  th roughou t  much o f  t h e  l e n g t h  o f  

t h e  pavement. The c r a c k i n g  began a l o n g  t h e  shou lde r  and progressed inward,  

sometimes r e a c h i n g  beyond t h e  c e n t e r l i n e .  It was n o t  uncommon t o  f i n d  t h e  

c racks  e x t e n d i n g  t o  t h e  q u a r t e r  p o i n t  on e i t h e r  s i d e  o f  t h e  pavement and 

r u n n i n g  l o n g i t u d i n a l l y  s e v e r a l  hundred f e e t  a l o n g  t h e  l e n g t h  o f  t h e  pavement. 

Very l i t t l e  t r a n s v e r s e  c r a c k i n g  o r  l a r g e ,  open, l o n g i t u d i n a l  c r a c k i n g  

occur red.  The l a r g e  m a j o r i t y  o f  t h e  c racks  were o f  t h e  s h o r t ,  l o n g i t u d i n a l ,  

a lmos t  a l l i g a t o r - l i k e  v a r i e t y  d e s c r i b e d  p r e v i o u s l y .  

Some s e c t i o n s  e x h i b i t e d  l e s s  c r a c k i n g  t h a n  o t h e r s .  I n  o r d e r  t o  q u a n t i f y  

t h e  c r a c k i n g  performance o f  each s e c t i o n  a  r a t i n g  system was e s t a b l i s h e d .  

Three researchers  f a m i l i e r  w i t h  t h e  p r o j e c t  were asked t o  r a n k  each s e c t i o n ,  

g i v i n g  t h e  bes t  s e c t i o n  a  9  and t h e  w o r s t  s e c t i o n  a  1. The t h r e e  sco res  g i v e n  

t o  each s e c t i o n  were t h e n  added. The t o t a l  was t h e n  d i v i d e d  by t h e  maximum 

p o s s i b l e  r a t i n g ,  27, t o  o b t a i n  t h e  s e c t i o n ' s  c r a c k  r a t i n g .  Tab le  V I  l i s t s  t h e  

r e s u l t s  o f  t h i s  system a n a l y s i s .  
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TABLE V I  
CRACK SURVEY 

SECTION PERFORMANCE RATING 

S e c t i o n  Rank T o t a l  Crack R a t i n g  
Percen t  

The b e t t e r  performance o f  s e c t i o n s  2  and 3 was due t o  t h e  f a c t  these  

s e c t i o n s  had an a d d i t i o n a l  1.5 i n c h  l i f t  o f  foamed a s p h a l t  p l a c e d  d u r i n g  

c o n s t r u c t i o n .  A lso,  a  ma jo r  reason f o r  t h e  poor  c r a c k  performance o f  s e c t i o n s  

6 and 7 was t h e  inadequate  bond ing between 1  i f t s .  As s t a t e d  e a r l i e r ,  t h e  

second l i f t  on these  s e c t i o n s  was p l a c e d  f i v e  days a f t e r  t h e  f i r s t  l i f t .  No 

t a c k  c o a t  was used t o  bond these l i f t s .  Apparen t l y ,  a  d i r t  f i l m  formed over  

t h e  f i r s t  l i f t  and p reven ted  bonding. A s i g n i f i c a n t  amount o f  s l i p p a g e  c racks  

had formed soon a f t e r  c o n s t r u c t i o n .  I t i s  b e l i e v e d  t h e  decrease i n  base 

s t r e n g t h  due t o  inadequate  bond ing a l s o  r e s u l t e d  i n  t h e  excess ive  l o n g i t u d i n a l  

c r a c k i n g  o f  these s e c t i o n s .  

Road Ra te r  

The road  r a t e r  i s  used t o  measure pavement and subgrade s t r e n g t h .  The 

o u t p u t  i s  i n  terms o f  a  s t r u c t u r a l  number. A s t r u c t u r a l  number o f  3 i s  

e q u i v a l e n t  t o  6 i nches  o f  new p o r t l a n d  cement concre te .  

Road r a t e r  t e s t s  were r u n  a n n u a l l y  on each sec t ion .  The r e s u l t s  show 

s e c t i o n s  2, 3, 8, and 9, had 80% s t r u c t u r a l  numbers o f  2.0 and above each 

year .  I n  1984, s e c t i o n s  1, 4, 6, and 7 had 80% s t r u c t u r a l  numbers r a n g i n g  
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f rom 1.65 t o  1.95. These va lues  dropped t o  between 1.45 and 1.60 i n  1987. 

S e c t i o n  5  had va lues  between these two s e t s  o f  s e c t i o n s  (See Appendix E ) .  A l l  

o f  these va lues  shou ld  suppor t  l o c a l  passenger c a r  and l i g h t  t r u c k  t r a f f i c .  

However, v e r y  few 18 KIP E.S.A.L. v e h i c l e s  would  be abe t o  t r a v e l  t h e  r o a d  

each day shou ld  t h e  pavement be expected t o  l a s t  twen ty  years .  

Road Meter 

The road meter  measures t h e  smoothness o f  t h e  pavement. Output  i s  i n  

terms o f  a  P resen t  S e r v i c e a b i l i t y  Index (PSI )  va lue  r a n g i n g  f rom 0  t o  5. A  

va lue  o f  5 r e p r e s e n t s  a  p e r f e c t l y  smooth s u r f a c e  ( l i k e  g l a s s )  and a  0 

r e p r e s e n t s  an e x t r e m e l y  rough su r face .  A  new a s p h a l t  cement c o n c r e t e  pavement 

s u r f a c e  would be expected t o  have a  PSI o f  a t  l e a s t  4.0. Road meter  runs  were 

made b i a n n u a l l y  on t h e  p r o j e c t  as a  whole  (no a t t e m p t  was made t o  t e s t  t h e  

i n d i v i d u a l  s e c t i o n s ) .  R e s u l t s  a r e  shown i n  Tab le  V I I .  

TABLE V I I 
ROAD METER RESULTS 

PSI Value 
Year L e f t  Lane R i g h t  Lane 

These va lues  o b v i o u s l y  a r e  n o t  as h i g h  as would  be expected f rom a  new a s p h a l t  

pavement. However, t h e y  a r e  w e l l  above t h e  l e v e l  wh ich  would i n d i c a t e  

r e h a b i l i t a t i o n  i s  r e q u i r e d .  
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ANALYSIS 

I n i t i a l  o b s e r v a t i o n  o f  t h e  c r a c k  su rvey  r e s u l t s  would seem t o  i n d i c a t e  

t h e  foamed a s p h a l t  d i d  n o t  pe r fo rm w e l l .  However, a f t e r  i n v e s t i g a t i n g  t h e  

causes o f  t h e  c r a c k i n g ,  i t  becomes apparent  t h e  foamed a s p h a l t  base was n o t  

t h e  most i m p o r t a n t  f a c t o r .  Severa l  f a c t o r s  a r e  b e l i e v e d  t o  have l e d  t o  t h e  

c r a c k i n g .  

F i r s t ,  due t o  a  l a c k  o f  a v a i l a b l e  R.O.W. t h e  shou lde r  w i d t h  was v e r y  

nar row i n  many p laces.  The l a c k  o f  shou lde r  o f f e r e d  l i t t l e  s u p p o r t  f o r  t h e  

edge o f  t h e  pavement. The l a c k  o f  s u p p o r t  a l l o w e d  t h e  edge t o  be separated 

f rom t h e  r e s t  o f  t h e  pavement by t r a f f i c  l o a d s  near  t h e  shou lde r ,  r e s u l t i n g  i n  

a  s e r i e s  o f  sma l l ,  l o n g i t u d i n a l  c racks .  As t h e  o u t e r  edge o f  pavement was 

separated,  a  new unsuppor ted edge was formed. Th is ,  i n  t u r n ,  was separa ted  

f rom t h e  pavement. T h i s  p a t t e r n  was repea ted  and t h e  c r a c k i n g  progressed 

toward t h e  c e n t e r l i n e .  

Second, t h e  t y p e  o f  c r a c k  p a t t e r n ,  a  s e r i e s  o f  sma l l ,  t i g h t ,  

i n t e r c o n n e c t e d  l o n g i t u d i n a l  c r a c k s  s i m i l a r  i n  appearance t o  a l l i g a t o r  

c r a c k i n g ,  suggests a  ma jo r  cause o f  t h e  c r a c k i n g  was due t o  poor  subbase 

and/or subgrade suppor t .  There were s e v e r a l  areas a l o n g  t h e  l e f t  l a n e  where 

d ra inage  was inadequate .  Water would  be h e l d  i n  t h e  d i t c h  and l e f t  t o  seep 

i n t o  t h e  subsur face  l a y e r s .  T h i s  would weaken t h e  subbase and subgrade and 

l e a d  t o  t h e  a l l i g a t o r  c r a c k  p a t t e r n  found on t h e  su r face .  

Also,  t h e r e  were v e r y  few t r a n s v e r s e  c r a c k s  o r  wide, open l o n g i t u d i n a l  

c racks .  V i s u a l  i n s p e c t i o n s  d i d  n o t  uncover any s i g n i f i c a n t  r u t t i n g  

problems. I f  t h e  foamed a s p h a l t  base was s t r u c t u r a l l y  inadequate ,  t h i s  

t r a n s v e r s e  and open l o n g i t u d i n a l  c r a c k i n g  and r u t t i n g  would have been more 

severe. 
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CONCLUSIONS 

A f t e r  f i v e  y e a r s  o f  s e r v i c e  and e v a l u a t i o n ,  severa l  c o n c l u s i o n s  can be 

made concern ing  t h e  performance o f  t h e  foamed a s p h a l t  bases. 

1. The foamed a s p h a l t  process can work as shown by  t h e  e x c e l l e n t  

performance o f  Sec t ions  2 and 3. 

2 .  Foamed a s p h a l t  base r e q u i r e s  a  w e l l  compacted subgrade and a  r o a d  

p r o f i l e  s u i t a b l e  f o r  good d ra inage  o f  water .  T e s t  s e c t i o n  f a i l u r e s  

were m o s t l y  due t o  a  poor subgrade and subsur face  m o i s t u r e .  

3. When t h e  base i s  p laced  i n  two o r  more l i f t s ,  extreme c a r e  must be 

e x e r c i s e d  t o  i n s u r e  adequate bond ing i s  ach ieved  between l i f t s .  

Any f u t u r e  research  w i t h  foamed a s p h a l t  shou ld  i n c l u d e  v a r i o u s  a s p h a l t  

depths  i n  o r d e r  t o  determine a  t h i c k n e s s / s t r e n g t h  r e l a t i o n s h i p  f o r  foamed 

a s p h a l t .  

RECOMMENDATIONS 

The success o f  t h i s  p r o j e c t ,  e s p e c i a l l y  s e c t i o n s  2 and 3, shows t h a t  

foamed a s p h a l t  pav ing  can be s u c c e s s f u l l y  used on secondary roadways t o  

c o n s t r u c t  a  s t a b l e  base f rom n o n s p e c i f i c a t i o n  m a t e r i a l s .  The performance o f  

s e c t i o n s  6 and 7 show debonding can r e s u l t  between l i f t s  n o t  p laced  t h e  same 

day and n o t  t a c k  coated. F u t u r e  p r o j e c t s  i n v o l v i n g  foamed a s p h a l t  need t o  

i n c l u d e  v a r i o u s  a s p h a l t  depths i n  o r d e r  t o  de te rm ine  an optimum foamed a s p h a l t  

t h i ckness .  

C u r r e n t  low w o r l d  o i l  p r i c e s  p r o b a b l y  makes t h e  foamed a s p h a l t  pav ing  

techn ique  i n a p p r o p r i a t e .  However, as o i l  p r i c e s  r i s e  and q u a l i t y  aggrega te  

s u p p l i e s  d i m i n i s h ,  t h e  process w i l l  become much more economical .  



PAGE 26 

APPENDIX A  
S p e c i a l  P r o v i s i o n s  
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63 I O W ~  Department of Transportation - 
SPECIAL PROVISIOHS 

FCR 
FOAHEO A S P I N T  CONCRETE BASE 

n u r c a t i n c  Coun ty  P r o J c c t  Fn-70(4)--55.70 
Research  P r o j e c t  IIR 257 

J u l y  6, 1903 

M S T W D ~ D  SPECIFICATIOHS a n t E  IWA DEPART HE^^^ OF m n n s P m m r r o N .  SERIES OF 1977. SIULL MPLY TO n i l 8  PROJCCT 
EXCEPT AS AYEROE0 BY n l E  FDLLWlHG AOOITIONS. nIESE M E  SPECIAL PROVISIOHS AH0 n i E Y  SILILL PREVAIL OVER THOSE 
PUBLISHED I N  T I E  STAHOAR0 SPECIFICATIORS. 

. . 
As t h e  p r o j e c t  i r  o f  a r e r c a r c h  n a t u r e ,  c e r t a i n  r e q u i r c l n c n t r  may be c t l m q c d  b y  t h e  c n ~ i n u e r  i n  o r d c r  t o  make t h e  . . 

p r o j e c t  more meaningful. 
Foamed A ~ p h d l t  C o n c r e t e  Bare i s  a m i x t u r c  o f  m o i r t c n c d ,  unhcatecl  aggrc iga tc r ,  and  a r p h r l t  ccmcnt .  c l r n b i ~ i c d  u h i l c  

t h e  a r o h a l t  cement l r  I n  a foamed r t a t c .  ~ ~ ~ ~ 

Thc C o n t i n e n t a l  O i l  Canpany has p r o p r i c t n r y  r i g h t s  t o  t h e  foamed a s p h a l t  p r o c c r r  and a r o y a i t y  f c c  may be 
r e q u i r c d  t o  usc t h i s  p r o c e s s .  The r o y a l t y  f e e ,  i f  any, r h a l l  bc i r a l d  b y  t h c  c o n t r a c t o r  and r i l l  bc c u n r i i l c r e d  
I n c i d e n t a l  l o  t h e  c a n r t r u c t i o n  o f  t l l c  b e r c .  I n q u i r i e s  concerning t h i s  p r o c e r r  may be d i r e c t e d  t o  Conoco, M i .  Roy 
i l o d r a n .  5717 E a s t  F e r g u s o n  D r i v e ,  L o r  A n g e l c r .  C a l i f o r n i a .  90022.  o r  t c l c p h a n c  (213)723-2121 .  

The a r p h a l t  cement r h a l l  be foamed and t h c  m a t e r i a l s  m i x e d  i n  a s t a t i o n a r y  p l a n t  w i t h  equ ipment  and a c c o r d i n g  t o  
Lhe p r o c e d u r e  o u t l i n e d  b y  t h e  Canaco Foamed A s p h a l t  P r o c c s s .  The c o n t r a c t o r  may p r o p o s e  t o  t h c  e n g i n e e r  t h e  "re o f  
an a l t e r n a t e ,  s t a t i o n a r y  p l a n t  d c r i g n e d  f o r  a s i m i l a r  m i x i n g  p r o c e s s .  Thc p r o p o s a l  ma-y be s u b m i t t e d  p r i o r  t o  t h e  
l e t t l n g  d a t e .  

494.02 KITERIALS. The foamed a r p h a l t  b s r c  m i x t u r c  r h a l l  m c c t  t h e  f o l l o w i n g  r e q u i r c m e n t r .  
A. Aggrega tes  r h a l l  be  r a n d  and c r u s h e d  l i m e s t o n e .  L i m e s t o n e  s h a l l  be f rom a source m e t i n g  q u a l i t y  
r e q u i r e m e n t s  o f  S e c t i o n  4126. Each a g g r e g a t e  r h a l l  be  w i t h i n  t h e  f a l l o w i n g  g r a d a t i o n  l i m i t s .  

Crushed  L i m e s t o n e  Sand 
S i e v e  S i z e  P e r c e n t  P a s s i n q  - P e r c e n t  Parring 

112 i n c h  100 100 
318 i n c h  90-100 95-100 
14  75-90  
Y8 50-66 90-100 
1 3 0  20-40  40-55 
#ZOO 10-11  0 -2  

8. A s p h a l t  C m n t  r h a l l  meet r e q u i r e m e n t s  o f  S e c t i o n  4137 f o r  Grade AC-5. The a i p h a l t  cement s h o u l d  n o t  
c o n t a l n  an a n t i - f o a m i n g  a g e n t .  Use o f  an a n t i - f o a m i n g  c o i r n t c r  a r j cn t  w i l l  bc r c q o i r c d .  i f  n e c c s i a r y .  
C. H i x t u r e .  The a g g r c g a t e  s h a l l  be  cornposed o f  5 0 ' p c r c e n t  c r u r h c d  l i m c r t o n e  and 50  p c r c c n t  r a n i i .  
The q u a n t i t y  o f  AC t o  b c  addcd w i l l  bc r c t  b y  t h e  c n g i n c c r ,  b a r e d  an a j a b - m i x  f o r m u l a ,  and t h i s  r h a l l  bc 
c a n t r o l l c d  w i t h i n  0.4 p e r c e n t a g e  p a i n t s  o f  Lhc amount i n t e n d e d ,  b a r c d  on tank s t i c k  m c a r u r c r n c n t i .  The b a s i c  A t  
c o n t e n t s  I n  t h e  t e s t  r e c t l o n r  a r c  4.5 and 5 . 0  p e r c e n t .  The m o i i t u r c  c o n t c n t  r h a l l  be c o n t r o l l e d  a c c o r d i n g  t o  
494.04. 

494.03 ECUIPKNT. Thc c o n t r a c t o r  r h a l l  p r o v i d e  a l l  e q l i i p m c n t  n c c c s r n r y  f o r  t h e  c o n s t r u c t i o n  o f  t h e  bare ar  
~ p r c i f i e d .  Equ ipment  u r c d  r h a l l  m e c t  r c q i l i r c m c n t r  o f  2001.01 nod t l l c  f a l l o v i n g .  

A. P r m o r t i o n i n g  E q u t p n r n t  r h a l l  meet  a p p r a p r i a t c  r e q u i r e m e n t s  o f  2205.04.  
8 .  H i i l n g  P l a n t .  The m i x i n g  o f  Lhe foarnnd a s p h a l t  base r h a l l  be a c c m p l i r h e d  i n  a s t a t i o n a r y  p l a n t  w i t h  a 
p u g m i l l  m i x e r  r p c c i f i c a l l y  d c r i g n e d  t o  p roduce  foamed a s p h a l t  m a t e r i a l s .  
Thc p l a n t  r h a l l  h a w  a p o r i t i v e - d r i v e n  f e e d  t o  p r o p o r t i o n  t h c  a g g r e g a t e  f m n  t h e  b i n  o r  b i n s  i n  a s y n c h r o n i z e d  
volume p r o p ~ r t i a n l n g  method  w i t h  a u t o m a t i c  c o n t r o l r .  I t  s h a l l  be e q u i p p c d  w i t h  s u i t a b l e  pumps, p r o p o r t i o n i n g ,  
m e t e r i n g  and w e i g h i n g  d e v i c e s  whore f u n c t i o n  r h n l l  be i n t e r l o c k e d  by a u t o m a t i c  c o n t r o l s  t o  arrure  p r o p e r  foamed 
a s p h a l t  t o  a g g r e g a t e  r a t i o .  The p l a n t  r h a l l  c o n t a i n  any o t h e r  n c c e r r a r y  cqu ipmcnt  t o  p roduce  t h e  base m i x t u r e  
on a quality-controlled b a r i 5 .  
Thc f a m  chamber s h a l l  be mounted above t h e  h c a d c r  s p r a y  b a r  and p r o p e r  n o z z l e s  i n c l u d c d  t o  p roduce  t h e  
n c c e r r a r y  foamlnq  a c t i o n  t o  a r r u r e  maximum p e n e t r a t i o n  o f  foam t o  a g g r e g a t e .  
T ~ c  s p r a y  header  s h a l l  be  equ ipped  wit15 an e x t e r n a l  r a m p l i n g  v a l v c  w i t h  same n o z z l e  s i z e  a s  i n  t h e  h c a d c r  t o  
c o n v e n i e n t l y  t a k e  ra rnp le r  o f  foam i n  a 5 - g a l l o n  c o n t a i n e r  t o  a c c u r a t e l y  measure t i l e  foam h a l f l i f e  and s t a b i l i t y .  
A  p l a n t  d e s i g n e d  f a r  a s i m i l a r  m i r i n g  proccrr  o r  m o d i f i c a t i o n r  t o  t h e r e  r e q u i r c m e n t r  may be  approved ,  a r  
~ r o v l d f d  i n  494 .01 .  
C. S p r e a d i n g  E q u i p ~ n t .  A r t l c l e  2001.19 s h a l l  a p p l y .  
0. C o n p a c t t o n  E q u i p r e n t  s h a l l  meet r e q u l r e r n e n t r  o f  2001.050,  C, o r  F. A  rmaath f a c e d ,  r t e c l  or pneumat ic  - 
t i r e d  r o l l e r  s h a l l  be " r e d  f a r  f i n i s h  r o l l i n g .  
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491.04 PROP(RTI0U NIO MIXING. The n a t e r l a l r  s h a l l  be propor t ioned i n  such a manner t h a t  a u n i f o m  m i r t u r c  
r e s u l t s  and each aggregate i s  c o n t r o l l e d  w i t h i n  5  percent o f  the intended q u a n t i t y  and the a rpha l t  cement and water 
i s  c o n t r o l l e d  ~ I t h i n  0.4 percentage p o i n t s  o f  t h e p e r c e n t  intcnded. B lending o f  the aggregates s h a l l  be a c c m p l i r h e d  
before the asphalt  i s  added. 

P r i o r  t o  f o m i n ~ .  the a r o h a l t  ccment s h a l l  be heated. t o  b e t w e n  325 and 375 deoreer F .  un lcss o t h c r r i r u  d i r c c l c d  . . 
by the engineer. 

The a rpha l t  cement s h a l l  be foamed immediately p r i o r  t o  n i x i n g  v i t h  the aggrcgater according to  the procedure 
o u t l i n e d  by the Conoco Foamed Asphal t  Process. The est imated q u a n t i t y  o f  water requ i red  f o r  propcr foaning i 5  Z 
o e r ~ ~ n t  o f  the l i a u i d  a r o h a l t  cement. bv volume. Water s h a l l  be a d l v r t c d  t o  ~ r o v l d c  n foam l h a l f l i f e  n f  26 sccands. . . . 
as deten i ined b y  the engineer. 

The mix ture i s  to  be produced a t  75 and 90 percent o f  optimum mois ture,  as designated on the plans f o r  s p r r i f i c  
t e s t  sec t i on r .  I f  the aggregate has less mois ture than nccc r ra ry  fo r  the mix ture t o  mcet the requ i red  pcrccntngr  o f  
Oot im~m M i l t ~ r e .  water r h a l l  be addcd t o  the asoresate ~ r i o r  t o  mix ino v i t h  the foam. The r a L e r  may be Jlided 
through a metered and c o n t r o l l e d  spray system 6;lo; t o  i n t e r i n g  the mjx ing chamber. Water r h a l l  nai  bc addcd 
separate ly  w i t h i n  the m i r i n g  chamber. 

494.05 COnSTRUCTION. The cons t ruc t i on  o f  the foamed asphal t  bare r h a l l  be a s  f o l l ows :  
A  Subgrade. The e x i s t i n g  road sur face i s  a so i l -aggregate m a t e r i a l  covered by severa l  biturninatis r e a l  
m a t s .  The County v i l l  s c a r i f y  Lhe e x i s t i n g  sur face to  a depth o f  approximately 3  inches, and p u l v t r i z e .  r c l a y .  
and ~ r m p d c t  the s c a r i f i e d  m a t e r i a l  t o  proper crown and cross sec t i on .  The con t rac to r  r h n l i  rcshapc t l l ~  rubgrade 
t o  proper  crown, i f  necessary, and r h a l l  f i n i s h  r o l l  the surface. 
8 .  Bare. The c o n t r a c t o r  r h a l l  spread the foarncd a rpha l t  cancrc te  bare m ix tu re  t o  the w id th  and thickncr: shown 
on the plans. The i n t e n t i o n  o f  t h i s  specification i s  p lacenwt t  o f  thc f u l l  th ickness i n  olre l l f t .  i l o r v c r ,  the 
con t rac to r  may p lace the base i n  two l i f t r .  
The m ix tu re  s h a l l  be o r m o t l v  comoactcd. Conoaction s h a l l  cont inue u n t i l  maximum c o n r o l i d d t i o n  i s  achicvcd. and 
the cngineer may utilize h c i e a r  t e s t i n g  equibmcnt t o  determine t h i s .  I n  any c a r e ,  cumpaction ,hall lhc a t  l c a r t  
94 p ~ r c e n t  o f  Marshal l  dens i t y .  I f  p laccd i n  two l i f t r ,  c m p a c t i o n  o f  thc f i r s t  l i f t  r h a l l  be to  a t  l eas t  92 
percent  o f  Marshal l  dens i t y .  The Marshal l  dens i t y  v i l l  bc based on t es ts  by the d i s t r i c t  l abo ra to ry  an f l e l d -  
mixed sampler. 
C. Surface. Bituminous r e a l  caa t r  r h a l l  be app l i ed  i n  accord w i t h  the p lanr  and Sect ion 2307. A  fog seal  aod 
a one-course and a two-course seal Coat v i l l  be reqo i red ,  a s  designated on thc p l a n r .  
0. Shoulders s h a l l  be const ructed i n  accord v i t h  t i le p lan r  and A r t i c l e  2301.17. 

494.06 LIMITATICXS. Foamed a r p h a l t  base r h a l l  be placed w i t h  an aggregate and a i r  temperature o f  not l c s r  than 
5n n n o r m  F - - - - , . - -. . . 

S h w l d  r a i n  p r e v a i l  and aggregate r t o c k p i l c r  r e t a i n  mois ture i n  excess o f  the requi red aptlmum moirt81re. Lime 
v i l l  be al lowed t o  d r a i n  and d r y  the aggrcgate t o  meet requirements o f  the r p c c i f i c a t i o n r .  

The f o a e d  asphal t  base s h a l l  be a l l o w ~ . d  t o  Cure f o r  7  days before the bituminous SurfaCC treatment i s  appl ied. 
or  longer i f  so d i r c c t c d  by  the engineer. 

494.07 MEMOO ff HWUREMEKI. The enginecr v i l l  compute the q u a n t i t y  o f  foarncd a rpha l t  concretc barc .  
~ a l i ~ f d c t o ~ i l y  placed. as prov ided i n  2103.19A. The engineer w i l l  computc the q u a n t i t y  o f  asphal t  cement used i n  Lllr 
foamed asphal t  ba ie ,  as prov ided i n  2303.190. 

494.08 BASIS OF PAWENT. For  the  q u a n t i t y  o f  foamed a r p h a l t  concrete base furn ished and p laccd.  Lhe ContracLor 
w i l l  be p a i d  the con t rac t  p r i c e  pe r  ton .  Such payment s h a l l  be f u l l  canpensation f o r  f u r n i s h i n g  a l l  aggregate and 
r a t e r .  fo r  m ix ing  and p lac ing ,  f o r  rubgrade m r k  t h a t  i s  necessary, and f a r  the cost ,  i f  any, f o r  the r i g h t  t o  "re 
equipment and procedures p ro tec ted  by  patents .  

F o r  the number of tons o f  a r p h a l t  cement used i n  the foamed a rpha l t  concrete bare, the c o n t r a c t o r  v i l l  bc p n i d  
the con t rac t  p r i c e  per ton. 

Oituminaus seal  caa t r  r i l l  be measured and p a i d  f o r  according t o  Sect ion 2307. 
Granular su r fac ing  o f  shoulders w i l l  bc measured and p a i d  f o r  according t o  2103.19C and 2303.20G. 
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CONTRACT N o -  

' - 7  0, n c  n a r  ,A", u o  
I L L I N O I S - I O U *  ~ L A C C T O P .  I h C -  OF ROCK I S L A h D .  I L L I N O I S  2 0 2 5 0  

?mlr  Or  1°C l l C P O  .."I 

1 P R I n E R  OR T A C f - C O A T  B I T U n E N  
2 6ASE.  FOAn A S P H A L T  CONCRETE 
3 A S P H I L T  C E n E N T  

IlUI 
1 0 .  

E.750 GALS.  -A5 2 .337-50  
12.300 TONS 17.Y5 2lq.b3S-C!J 

5 6 3  TONS 17b.00 102.bJd.CO 
V B I N D E R  B I T U n E N  22.167 GALS.  -90 14.9b6.30 
5 LLGREGATE.  COVEE.  ON RCAD 3 / t  I N .  960 TONS 1Y.bO 14.3Ob-LO 

ITEM 

GRAND T O T A L  *391.9bA.b0 

BT 
*.."or 7°C .."-,". 

I L L I N O I S - I O U A  B L I C L T O P .  I h C -  OF ROCC I S L A h D .  I L L I k O I S  

- 

QUARTITY UNIT URIT PRICE AYOUIIT 
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APPENDIX C 
Aggregate Moisture Content Determination 
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AGGREGATE S T O C K P I L E  MOISTURE CONTENT DETERMINATION 

DATE T I M E  

COARSE AGG. 

% MOISTURE 

F I N E  AGG. 

% MOISTURE 

* M o i s t u r e  by pycnometer 
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COMBINED AGGREGATE MOISTURE CONTENT 
DETERMINATION AFTER ADDING WATER 

DATE TIME % MOISTURE % INTENDED 

1. P l a n t  c o n t r o l  n o t  w o r k i n g  
2. R a i n  day b e f o r e .  
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APPENDIX D 
Foamed Asphalt Field Densities 



FOAMED ASPHALT FIELD DENSITIES 
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Locat ion 

Sec. 1 
141+00 5' R t .  
145+00 7 '  L t .  
151+50 4 '  Rt. 
155+00 2 '  Rt. 
159+90 9 '  R t .  
163+00 6 '  L t .  
156+00 2 '  L t .  

Sec. 2 
168+60 7 '  R t .  
176+00 5 '  L t .  

Sec. 3 
181+00 8 '  Rt.  
185+00 7 '  L t .  
189+00 3 '  R t .  

Sec. 4 
201+00 7 '  L t .  
203+00 9 '  R t .  
207+00 5' L t .  
212+00 2' R t .  
215+00 4 '  L t .  

Sec. 5 
226+00 8 '  R t .  
229+00 3 '  L t .  
232+00 7 '  R t .  
238+00 6'  L t .  
243+00 4 '  R t .  

Sec. 6 
249+00 5 '  R t .  
258+00 5 '  L t .  
262+00 8 '  R t .  
265+00 2 '  L t .  
270+00 7 '  R t .  

Sec. 7 
281+50 5' R t .  
288+00 8 '  L t .  
295+00 3 '  R t .  
301+50 6 '  L t .  
303+00 4 '  R t .  

Sec. 8 
310+00 2 '  R t .  
313+00 8 '  L t .  
317+00 5 '  R t .  
321t00 3 '  L t .  
325+00 8 '  R t .  
337+00 3 '  R t .  

Sec. 9 
340+00 5' L t .  
345+80 7 '  R t .  
354+00 7 '  L t .  
360+00 2 '  R t .  

NUC 
Date 

Tested 

--- 
--- 
--- 
9/1 
91 1 
9/ 1 
9/ 1 

9/ 1 
9/ 2 

9/2 
912 
912 

9/ 2 
9/ 7 
9/7 
9/7 
9/7 

9/7 
9/8 
9/8 
9/8 
918 

9/9 
919 
9/9 
9/ 9 
9/9 

9/27 
9/27 
9/27 
9/ 28 
9/28 

9/28 
9/28 
9/28 
9/28 
9/28 
9/27 

9/27 
9/27 
--- 
9/27 

1R GAUGE 
Percent 
Water 

--- 
--- 
--- 
1.81 
3.30 
--- 
1.62 

-- - 
--- 

--- 
--- 
--- 

-- - 
4.29 
2.15 
2.43 
1.83 

2.68 
1.88 
2.90 
1.48 
1.44 

2.06 
1.93 
2.34 
1.55 
1.52 

3.68 
4.78 
1.32 
1.39 
4.44 

1.02 
1.67 
1.99 
1.33 
1.84 
5.16 

2.32 
2.76 
--- 
5.05 

Iry Densit,  
(#/CF) 

--- 
--- 
--- 
133.6 
134.6 
139.1 
138.3 

134.1 
136.6 

133.4 
137.5 
138.4 

135.4 
133.5 
132.2 
130.5 
132.1 

133.7 
134.1 
128.6 
131.6 
135.5 

124.6 
132.0 
127.0 
133.3 
128.0 

125.0 
130.9 
133.8 
128.4 
128.5 

133.0 
130.9 
130.7 
131.4 
136.2 
130.5 

127.0 
132.8 
--- 
131.5 

Date 
Tested 

9/ 1 
9/ 1 
9 / 1  
9/ 1 
9/ 1 
9/ 1 
9/ 1 

9 /1  
9/ 2 

9/ 2 
9/ 2 
9/ 2 

9/2 
9/ 2 
9/ 2 
9/ 2 
9/ 2 

9/7 
9/7 
9/ 7 
9/ 7 
9/7 

9/8 
918 
9/8 
9/8 
9/8 

9/9 
9/9 
9/ 9 
9/ 9 
9/ 9 

9/10 
91 10 
9/10 
9/10 
9/10 
9/27 

9/27 
91 27 
9/27 
9/ 27 

RUBBER Bt 
Percent 
Water 

1.81 
2.20 
1.45 
1.16 
2.35 
1.34 
1.08 

2.29 
1.37, 

2.80 
2.13 
1.69 

5.50 
7.80 
3.60 
3.20 
4.60 

1.58 
1.89 
3.67 
1.25 
0.96 

4.87 
3.08 
4.51 
1.95 
3.24 

5.61 
4.42 
2.74 
3.90 
4.69 

3.17 
4.62 
4.84 
4.66 
4.71 
5.09 

5.01 
6.16 
5.63 
7.28 

'1 acement 
Date 

8/25 
8/25 
8/26 
8/26 
8/26 
8/26 
8/26 

8/29 
8/29 

8/29 
8/29 
8/29 

8/31 
8/31 
8/31 
8/31 
8/31 

9/ 2 
9/ 2 
9/ 2 
9/ 2 
9/ 2 

9/7 
9/ 7 
9/ 7 
9/7 
9/7 

9/8 
918 
9/ 8 
9/8 
9/ 8 

9/ 9 
9/9 
9/ 9 
9/9 
9/9 
9/23, 9 

9/23, 9 
9/23, 9 
9/23, 9 
9/23, 9 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

