
G e n e r a l D i s c u s s i o n 

H A R O L D E . BESSEY and D A V I D W. R A N D , Respec t ive ly , B i tuminous M a t e r i a l s 
Engineer and Ass i s t an t B i t u m i n o u s M a t e r i a l s Eng ineer , Maine State Highway C o m m i s ­
s ion 

• T H E PROJECT i s located on a sho r t spur connecting US 1 i n Madawaska, Maine , w i t h 
the Canadian b o r d e r town of Edmundston, New B r u n s w i c k . The f o l l o w i n g s ta tements 
de sc r ibe essen t i a l f e a t u r e s of the r o a d : 

1 . The p r o j e c t was a p p r o x i m a t e l y 900 f t long and consis ted of a 4 2 - f t wide roadway . 
2 . The asbestos pavement was p laced on 24 i n . of g r a v e l . 
3 . A p p r o x i m a t e l y one-ha l f of the p r o j e c t was on a 14.5 percen t g rade . 
4 . A paper m i l l i s located on b o t h s ides of the s t r ee t , and as a r e s u l t , heavy t r u c k s 

a r e be ing loaded 24 h r a day . 
5. The h i l l y sect ion of the p r o j e c t has one-way t r a f f i c going down, but the l o w e r , 

f l a t ha l f of the p r o j e c t has t w o - w a y t r a f f i c . 

The A D T f o r 1960 was 3 ,685 . E s t i m a t e d A D T f o r 1980 i s 5 ,160 . A genera l i zed c r o s s -
sec t ion i s shown i n F igu re 1 . 

1" Binder Granite Curb 
• 3 A " Wearing Course (both sides) 

3" B i t . Cone. Base 

2U» Gravel 

Figure 1. 

Background of Paving D i f f i c u l t i e s 

C r a c k i n g . — Dense, f l e x i b l e pavement su r faces p laced m Aroos took County tend to 
c r a c k and d e t e r i o r a t e excess ive ly . The c r a c k i n g g e n e r a l l y begins t o develop d u r i n g the 
f i r s t w i n t e r . The c r a c k i n g pa t t e rn begins w i t h t r a n s v e r s e c racks b r e a k i n g the pavement 
in to s labs about 100 f t l ong . Long i tud ina l c racks a lso appear along the center of the 
road , but not neces sa r i l y on the cons t ruc t ion j o i n t . These c racks continue b reak ing the 
pavement in to s m a l l e r chunks as t i m e p r o g r e s s e s . T h i s c r a c k i n g i s a t t r i bu t ed to deep 
f r o s t pene t ra t ion i n the u n d e r l y i n g s o i l . The f r e e z i n g index i n the Madawaska a rea i s 
app rox ima te ly 3, 000 degree-days . 

D i s i n t e g r a t i o n of Aggrega te . —Engineers have been t r y i n g f o r yea r s to overcome the 
ex t r eme de f i c i enc ies of the l o c a l aggregate i n Aroos took County. F ine aggregate that 
wou ld n o r m a l l y be used as a b lend sand i s a lso a lmos t nonexistent i n t h i s a r ea . The 
sand I S e i the r too coarse and clean o r too f i n e w i t h too much c l a y m a t e r i a l . 

The aggregate i n t h i s a rea i s desc r ibed as subangular , angular , and f l a t , composed 
of a p p r o x i m a t e l y 50 percent qua r t z i t e and sandstone, and 50 percent sha le . The p e r ­
centage loss by the Los Angeles abras ion tes t method (AASHO: T-96-60) i s 20 to 23 p e r ­
cent . Th i s i s mis l ead ing because the d u r a b i l i t y o r soundness i s v e r y l o w . When tested 
f o r soundness by the magnes ium su l f a t e method (AASHO: T-104-57) the sands have a 
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loss of a p p r o x i m a t e l y 15 pe rcen t . The coarse aggregate has an even h igher loss of 
over 20 pe rcen t . The aggregate pass ing the y 4 - i n . and re ta ined on the ya- in . sc reen 
has a loss of a p p r o x i m a t e l y 40 pe rcen t . 

A b s o r p t i o n . —There a re also indica t ions that d i s i n t e g r a t i o n t i e s i n w i t h the m o i s t u r e 
i n the aggregate at the t i m e of m i x i n g . 

In p rev ious yea r s the l o c a l hot m i x plants w e r e equipped w i t h two d r y e r s ; but 
r ecen t l y , w i t h the development of m o r e e f f i c i e n t d r y e r s , con t r ac to r s have a t tempted to 
do the w o r k w i t h one d r y e r . 

The absorp t ion of t h i s aggregate i s between 1.5 and 2 . 0 percent and thorough d r y i n g 
i s v e r y d i f f i c u l t to ob ta in even when the s tockpi les a re r e l a t i v e l y d r y . I t i s be l ieved that 
the m o i s t u r e m the m i x causes the u n s a t i s f a c t o r y p e r f o r m a n c e of m i x t u r e s produced 
d u r i n g pe r iods when the m o i s t u r e content of s tockpi les i s h i g h . 

S e r v i c e a b i l i t y . —In Aroos took County, p a r t i a l f a i l u r e of a b i tuminous concrete pave­
ment , due to e i the r p r o g r e s s i v e c r a c k i n g o r to d i s i n t e g r a t i o n of aggregate, does not 
const i tu te a complete loss of s e r v i c e a b i l i t y of a newly cons t ruc ted h ighway. There i s , 
however , cons iderable increase m maintenance cos t . 

In spi te of the d i f f i c u l t i e s encountered, b i tuminous concrete seems to be the most 
f a v o r a b l e type of r o a d as i t i s m o r e dense than macadam and, along w i t h o ther advan­
tages, tends to keep wate r f r o m pene t ra t ing to the subgrade. Chip sea l ing when nec­
essary p rov ides f u r t h e r w a t e r p r o o f i n g . 

Methods Used to I m p r o v e Wear ing Course D u r a b i l i t y 

Because the only aggregate r e a d i l y ava i lab le w i t h i n 100 m i has the de f i c i enc ies p r e ­
v i o u s l y desc r ibed , i t was necessary e i ther to upgrade o r o the rwise to i m p r o v e the b i ­
tuminous concrete w e a r i n g course . The f o l l o w i n g changes were made to c o r r e c t t h e i r 
co r respond ing de f i c i enc i e s : 

1 . The l a r g e r stone (Vi m . ) m a x i m u m s ize , w h i c h showed the most d i s i n t eg ra t i on on 
the road , was reduced to a m a x i m u m s ize of % i n . 

2 . T o upgrade the genera l d u r a b i l i t y of the coarse aggregate, 50 percen t c rushed 
ledge r o c k was added. 

3. A f i n e r g rada t ion was used t o reduce wate r i n f i l t r a t i o n in to the coarse aggregate . 
4 . To get a be t t e r type of f i l l e r and rep lace the ex i s t i ng poor b lend sand, ground 

l imes tone n o r m a l l y produced f o r use as land l i m e was added. 
5. To r e m o v e a l l m o i s t u r e , double d r y i n g of a l l aggregate i n the w e a r i n g course was | 

s p e c i f i e d . 
6. To i n su re h igh dens i t ies , a pneumat ic r o l l e r was s p e c i f i e d i n addi t ion to the two 

usua l s t ee l r o l l e r s . 

Reasons f o r Use of Asbestos 

W i t h the p r e v i o u s l y mentioned d i f f i c u l t i e s that had to be overcome, a m i x w i t h an 
"excess ive" amount of asphalt w o u l d be d e s i r e d . If ample asphalt we re avai lable then 
the d o u b l e - d r i e d stone would i n t u r n be able to absorb p a r t of the asphalt and yet the re 
wou ld be enough asphalt r e m a i n i n g to p rov ide the r e q u i r e d cement ing ac t i on . 

Asbestos appeared to be the n a t u r a l m a t e r i a l to use to make a pavement that w i l l have| 
d u r a b i l i t y , h igh asphalt content, h igh s t a b i l i t y , h igh densi ty , and above a l l , h igh f l e x i ­
b i l i t y . 

Tests by J o h n s - M a n v i l l e Research Depar tment had shown that , al though asbestos i m ­
proves the qua l i t i e s of the w e a r i n g course , i t has even m o r e pronounced e f fec t s on 
open-graded m i x e s such as b inde r and b i tuminous concre te base cour ses . A s asbestos 
IS a lmos t a nat ive m a t e r i a l , the dec i s ion to use i t i n a l l t h ree courses was made. 

DESIGN O F MDCES 

Base Course 

No l a b o r a t o r y design of the b i tuminous concrete base was made. The gradat ion was 
a t y p i c a l one as used i n the State of Maine except that 2 percent by weight of shor t 
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asbestos f i b e r was used, 
usua l s p e c i f i e d amount . 

The asphalt content was increased by 1 percent over the 

B inde r Course 

No l a b o r a t o r y design of the b inder course was made. Th i s grada t ion was also a 
t y p i c a l one such as used throughout the State w i t h the exception that i t a lso had 2 p e r ­
cent by weight of asbestos f i b e r . The amount of asphalt was inc reased by 1 percent 
over the amount n o r m a l l y s p e c i f i e d . 

Wea r ing Course 

A con:^)lete l a b o r a t o r y des ign was made of the w e a r i n g c o u r s e . F o r c o m p a r i s o n p u r ­
poses tes t s e r i e s were r u n u s m g both 2 percent asbestos and no asbestos. The aggre ­
gate used was a d o u b l e - d r i e d m a t e r i a l co l lec ted f r o m the hot b ins of the same plant that 
d i d the ac tua l m i x i n g . The r e s u l t s us ing the Hveem method of m i x design a re shown m 
F i g u r e s 2, 3, and 4 . The grada t ion used i n the l abora to ry -des igned m i x was v e r y 
n e a r l y the same as that ac tua l ly used on the roadway. A f t e r ana lyz ing the r e su l t s of 
the design tes ts i t could be seen that 8 .0 percent asphalt based on percentage of agg re ­
gate was the o p t i m u m . However , to a l l ow ample asphalt f o r absorp t ion , add i t iona l a s ­
phal t was r ecommended . The same r e s u l t s were obtained independently by Johns-
M a n v i l l e engineers us ing the same bas ic gradat ion and aggregate . 

GRADATIONS A N D RESULTS T A K E N F R O M PROJECT 

Aspha l t Cement 

The asphalt used was shipped f r o m Eve re t t , M a s s . , to Car ibou , Maine , by tank 
t r u c k . I t was 85-100 pene t ra t ion g rade . The average r e su l t s of the asphalt tes ts a re 
shown be low: 

Penet ra t ion at 77 F , 100 g, 5 sec 92 
F lash point ("F) 537 
D u c t i l i t y at 77 F , 5 c m / m i n 110+ 
Loss o n heat ing, 325 F , 5 h r . 29 
Pene t ra t ion of res idue at 77 F 75 
So lub i l i ty (^) 99 .4 
Ash (5^) 0 

COMPACTION BY A S T M D I S e r - S f l T 

I ' \ 

%. 

\ 
\ \ 
\ \ \ \ \ 

^ \ 

COMPACTION BY A S T M O I 5 6 l - 5 a T 

^—"~ 

PER C E N T A3PHALT BY WEtGHT OF A C G R E G A T E PER C E N T ASPHALT BY WEIGHT OF AGGREGATE 

Figure 2. S t a b i l i t y values vs asphalt Figure 3. Percent compaction vs asphalt 
content. content. 
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COMPACTION BY A S T M D I 5 6 I - 5 » T 

PER CENT ASPHALT BY WEIGHT OF A S S R E 6 A T E 

Figure U. Cohesiometer values v s asphalt 
content. 

Gradat ions 

Table 1 gives ex t rac t ions and b i n ana ly­
ses, taken at the p r o j e c t s i t e . I t a lso i n ­
cludes gradat ions taken by independent 
t e s t ing l a b o r a t o r i e s . 

Resul ts 

Samples of the mixes w e r e taken by 
Highway C o m m i s s i o n f o r c e s f r o m the r o a d ­
way and s t ab i l i t i e s were r u n , but the r e ­
sul ts we re so questionable they have been 
o m i t t e d . 

The r e s u l t s of tests made at the request 
of Johns -Manv i l l e Co. by the Chicago T e s t ­
i n g L a b o r a t o r y I n c . , Repor t 06470, a re 
given i n Table 2 . Recovered asphalt was 
de t e rmined by A S T M D-1856-61T on sample 
cut f r o m roadway. 

Penet ra t ion at 77 F 
D u c t i l i t y at 77 F 
Ash (Ŝ ) 

100/5 
5/60 c m 

57 & 59 
110+ 110+ 
2 ,5 2 .2 

OBSERVATIONS A T P L A N T 

The m i x was produced i n a 4 , 0 0 0 - l b Hether ington and B e r n e r batch p lant at Ca r ibou , 
Maine , and then hauled over 40 m i to the p r o j e c t . 

N o r m a l ba tching p rocedure was f o l l o w e d w i t h the exception that the asbestos b locks 
w e r e cut in to 80- lb b locks and pushed in to the p u g m i l l by means of a chute . The asbes­
tos was added f i r s t so the paddles would d i s in tegra te the b l o c k . The d r y m i x i n g cyc le 
was also inc reased a f e w seconds to assure good d i s p e r s i o n of the f i b e r s . 

When making the base course , the f l u f f i n g and b u l k i n g of the m i x appeared most n o ­
t i ceab le . A l s o the p lant indica ted the greatest s t r a i n when m i x i n g th i s course . 

Base Course 
When the batch was dropped in to the t r u c k , the m i x stood up r igh t and had the appear­

ance of b l ack cotton due to the b u l k i n g . Th i s b l ack cotton appearance decreased as the 
l a t e r mixes became f i n e r and m o r e densely graded . 

T A B L E 1 

EXTRACTIONS AND BIN ANALYSIS 

Course 

Cumulative Percent Passing Screen AC Mix 
Extrac­

t ion 
(No.) 

Bin 
Analy­

sis 
(No.) 

Course 
1% 
In . 

% 
In . 

% % 
In . In . 

No. 
4 

No. 
10 

No. 
20 

No. 
40 

No. 
80 

No. 
200 

i, Temp. 
* C f ) 

Extrac­
t ion 

(No.) 

Bin 
Analy­

sis 
(No.) 

Base 100 76 49 44 38 29 20 11 3 2 6.4^ 340^ 
Binder 100 78 65 42 31 20 12 5 2 6 .2^ 335^ 9 1 
Wearing 100 84 56 33 21 11 5 8.8 340 7 1 

Obtained from extractions; plant actually put in 5 percent. 
''At plant. 
^ lant supposed to put 6.0 percent asphalt. 
"Hftien leaving plant. 
Material double-dried. Trouble occurred with asphalt meter irtiich allovred too much asphalt in 
mixj consequently, content varies from 7.5 to 10.5 percent—8.5 percent was recommended. 
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T A B L E 2 

M A R S H A L L TESTS: A S T M D-1559-60T 

P r o p e r t y Asbes tos 
Base 

Standard 
B i n d e r 

Asbestos 
B i n d e r 

Asbestos 
Wea r ing Course 

Sp. g r . a t 77 F 2.33 2 .30 2 .32 2.36 
M a x . t h e o r . sp . g r . 2 .39 2 .45 2 .42 2 . 4 1 
A i r vo ids (^) 2 .5 6 . 1 4 . 1 2 . 1 
S tab i l i ty a t 140 F ( lb) 1,690 1,030 1,695 2,140 
F l o w at 140 F , ( 0 . 0 1 i n . ) 26 .0 12 .0 14.5 23 

Binder Course 

The same procedure of adding the asbestos was used when b inder course was made. 
Observa t ion showed that m i x i n g e f f o r t was about equal to the base course , but the b u l k ­
i n g e f fec t was l e s s . The "co t tony" appearance was a lso less no t iceable . 

W e a r i n g Course 

The w e a r i n g course w h i c h contained the l i m e i n addi t ion to the asphalt had a v e r y 
t h i c k coat ing of asphal t . T h i s was a d e s i r e d f e a t u r e . The loads looked r a t h e r wet but 
not excess ive ly so . Exper ience has taught that t h i s appearance should not f o o l the i n ­
spector because the absorp t ion p rocess i m m e d i a t e l y begins to soak up the asphal t . A s 
a r e s u l t , the wet load i s o f t en v e r y d r y i n appearance by the t i m e i t a r r i v e s at the p a v e r . 

T r o u b l e o c c u r r e d d u r i n g the m i x i n g of the w e a r i n g course because the l i m e tended to 
hang up i n the s torage b i n . I t was also d i scovered l a t e r by e x t r a c t i o n and a gallonage 
check that the asphalt mete r was not w o r k i n g p r o p e r l y . I t was f o r these two reasons 
that the w e a r i n g course presented so much d i f f i c u l t y . 

S T R E E T OBSERVATIONS 

Equipment 

The b i tuminous concre te mixes were p laced on a g r a v e l base compacted to 100 p e r ­
cent of P r o c t o r dens i ty , AASHO T - 9 9 . I t was p laced w i t h a B a r b e r - G r e e n e 879-A 
paver and compacted w i t h an 8- to 10-ton tandem, 12- to 16-ton tandem, and a l i gh t 
pneumat ic r o l l e r . 

M i x e s 

Base Course . —This course was p laced i n two 1%-in, l a y e r s f o r a t o t a l th ickness of 
3 i n . The author observed that the asbestos f i b e r s tend to increase the so f ten ing poin t 
of the asphal t . W i t h t h i s inc reased v i s c o s i t y , the cohesiveness was a lso inc reased . As 
a r e s u l t , the asbestos made the asphalt act less l i k e a f l u i d and behave m o r e as a v e r y 
v i scous cement . W i t h t h i s a l t e r e d p h y s i c a l p r o p e r t y , the knock-down r o l l e r was able to 
get onto the mat and r o l l i t i m m e d i a t e l y . The aggregate d i d not push and shove around 
as m i g h t be expected i f no asbestos had been used even though the t empe ra tu r e of the 
mat was 320" ± . One pass w i t h the knock-down r o l l e r compacted the pieces of aggregate 
in to t h e i r p r o p e r pos i t ions and f u r t h e r r o l l i n g m e r e l y inc reased the dens i ty . 

Apprehens ion mounted as the paver s t a r t ed up the 14.5 percent grade, but no t r o u b l e 
o c c u r r e d . Aga in the i m p o r t a n t f a c t was that the r o l l e r s had no t r o u b l e w i t h the m i x 
pushing . On the f i r s t s t r i p , the knock-down r o l l e r r o l l e d f r o m the top of the h i U down 
but a f t e r that f i r s t pass i t made no d i f f e r e n c e i n r o l l i n g . The cohesion of the asbestos-
asphalt to the aggregate was enough to p revent any tendency f o r d i sp lacement . 

A f t e r r o l l i n g i t was no t iced that the b u l k i n g e f fec t was v e r y evident . I n f a c t , the 
b u l k i n g was s u f f i c i e n t so that even when the next l a y e r was p laced t h i c k e r to compensate, 
the t o t a l th ickness of the course was less than the de s i r ed th ickness by about % i n . 
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Binder Course. —This binder was the paving crew's idea of a perfect mix. It went 
down and went into place like "Scotch Tape." This course was placed 1 in. thick. After 
one pass with the roller no further movement of the particles appeared to take place. 
There also was no tearing, pushing, or hairchecks. The increase in the viscosity of the 
asphalt due to the asbestos fibers again was the underlying factor for this. No trouble 
was encountered in rolling on the hill except at one spot where the drive wheel spun on 
the binder because of lack of friction. Yet no pushing developed. 

Bulking was not as noticeable in this course as in the base course. 
After rolling was complete it was noticed that this course had a hard, smooth-pol­

ished looking surface even though the texture was typical for this type gradation. 
Wearing Course. —When the wearing course was applied, the following detrimental 

things occurred: 
1. The plant ran out of double-dried aggregate prematurely. 
2. The asphalt metering device became stuck and would not always shut off at the 

proper gallonage content. (Visual inspection did not detect this error.) 
3. This course laid very poorly at the project site because it pulled and tore ex­

cessively. 

The poor workability was apparently a characteristic of this fine-graded mix. An­
other project placed a year earlier with this same type mix except without asbestos had 
this same poor workability. The lime filler has such an adhesive characteristic on the 
asphalt and aggregate that it would tend to "ball" in the mix. The addition of the asbes­
tos fiber merely aggravated this problem more. This increased property was desired 
but apparently it was in excess. 

Although the asbestos fibers did not help in respect to the laying properties, it pre­
vented the wearing course from becoming a failure due to the excessive asphalt. The 
asphalt content in some loads was as high as 10 percent by weight. Yet the asbestos 
was able to absorb this asphalt to a large extent although it did lose its optimum sta -
bihty. 

The two loads of wearing course placed without asbestos at the request of the Bureau 
of Public Roads flushed badly even though the asphalt content was reduced to compensate 
for the lack of asbestos. 

This wearing course m spite of the troubles encountered still did not push and shove 
when being rolled. As might be expected the densities were 98 to 99 percent of theo­
retical maximum density. 

The finished texture of the wearing course was dense, as desired, but it also had 
what appeared to be a polished hard surface. Needless to say, it was entirely water­
proof. 

Incidental Notes 

The adhesive force in the wearing course was amazingly strong. Normally when a 
crack or area with an open texture needs sanding, a shovel full of mix is spread on it 
and raked with a lute. This rubs the sand particles off and corrects the situation. Withl 
the asbestos added, the sand particles would not leave the stone regardless of the 
amount of raking back and forth. It was for this reason that asbestos fiber was left 
out when the handwork was done. 

Observations, October 1961 
In October 1961, three months after the pavement had been placed, the project was 

revisited and the visual results were favorable. The pavement has been able to toler­
ate the excessive asphalt with no particular difficulty. The two loads placed without the 
asbestos have flushed and some displacement in the form of ruts have appeared. These 
are not serious and will probably not give any trouble in the future. The remainder of 
the roadway was very watertight and still did not have the usual grittiness. If any 
trouble should develop, it probably will be slipperiness on the 14.5 percent grade. 
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The abras ive ac t ion of snow p lows , sa l t , and one w i n t e r ' s weather should help cure th i s 
smoothness . 

S U M M A R Y A N D CONCLUSIONS 

In conclus ion the f o l l o w i n g s tatements should be ment ioned: 

1 . The advantages of asbestos f i b e r s seem m o r e pronounced i n open-graded mixes 
such as base and b i n d e r . The s h o r t f i b e r s tend to inc rease the v i s c o s i t y of the asphalt 
w h i c h m t u r n a l lows the m i x to be r o l l e d when hot (325 F p lus) wi thout d i sp lacement . 

2 . Two percent asbestos by weight w i l l a l l ow the asphalt content to be inc reased 
s a f e l y by 1.0 pe rcen t . On t h i s p r o j e c t the w e a r i n g course was able to t o l e r a t e 2 p e r ­
cent o r m o r e . 

3. The b u l k i n g e f fec t i s most not iceable i n open-graded mixes ; and the l a r g e r the 
m a x i m u m s i ze of aggregate, the m o r e the apparent b u l k i n g . 

4 . The use of asbestos g r e a t l y increases the adhesive f o r c e s i n the m i x . I t i n ­
creases th i s f o r c e s u f f i c i e n t l y so that i t i s not p a r t i c u l a r l y advisable to use i t when 
handwork i s done w i t h a m i x of t h i s p a r t i c u l a r g rada t ion and m a t e r i a l . 

5. In a dense, w e l l - g r a d e d m i x the f i b e r s and asphalt produce a h a r d , po l i shed 
r i d m g s u r f a c e . 

6 . Higher t en^)e ra tu re and consequently be t t e r d r y i n g of the aggregate i s r e q u i r e d 
f o r the m i x to be w o r k a b l e . 

7. I t i s the au thor ' s observa t ion that 2 percent asbestos by weight i s too much f i b e r 
f o r t h i s p a r t i c u l a r type g r ada t i on . I t i s be l i eved tha t 1 to iVi percent w o u l d p r o v i d e a l l 
the d e s i r e d f ea tu res and pos s ib ly e l im ina t e the disadvantages. 




