
Water in Cutback Asphalt Stabilization of Soil 

R. K. KATTI, D. T. DAVIDSON, MD J. B. SHEELER, 
Iowa Engineering Experiment S t a t i o n , 
Iowa State College, Ames 

The presence o f water d u r i n g the mixing and the com­
p a c t i o n phases of asphalt s o i l s t a b i l i z a t i o n has long 
been recognized as an important f a c t o r . During mixing, 
water f a c i l i t a t e s the even d i s t r i b u t i o n o f asphalt 
throughout the mass. The amount o f moisture r e q u i r e d 
f o r thorough d i s t r i b u t i o n of cutback asphalt apparently 
Increases as the amount o f f i n e m a t e r i a l i n the s o i l i n ­
creases. During the compaction phase the amount of wa­
t e r becomes Important mainly because of i t s e f f e c t on 
de n s i t y . The amount of moisture r e q u i r e d f o r maximum 
d e n s i t y o f the s o i l - a s p h a l t mixture i s not the same as 
t h a t f o r the s o i l alone. 

The d e s i r a b l e moist-ure contents o f a s o i l - c u t b a c k 
asphalt mixture diurlng mixing and duri n g compaction are 
major f a c t o r s t h a t have been I n v e s t i g a t e d . A l i t e r a -
t\>re review i n d i c a t e s t h a t these moisture contents are 
c o n t r o v e r s i a l , t o say the l e a s t . D i f f e r e n t concepts 
of the r e l a t i o n o f cutback asphalt content t o water con­
t e n t used vary from the b e l i e f t h a t 2 percent cutback 
asphalt replaces 1 percent water, t o the b e l i e f t h a t 
cutback asphalt and water have an equi v a l e n t l u b r i c a t ­
i n g e f f e c t on s o i l g r a i n s d u r i n g compaction. 

Vaxlous mixtures o f s o i l , cutback asphalt and wa­
t e r were s t u d i e d . Analysis o f the r e s u l t i n g data shows 
t h a t the percentage o f mixing water r e q u i r e d t o produce 
maximum s t r e n g t h , maximum standard Proctor d e n s i t y , min­
imum moisture absorption d u r i n g immersion, and minimum 
s w e l l i n g i s d i f f e r e n t f o r each p r o p e r t y mentioned. How­
ever, a compromise moisture content (CMC) f o r mixing 
was found a t which the variance o f the aforementioned 
p r o p e r t i e s i s a minimum. The CMC was foiond t o be most 
advantageously determined by m i n i m i z a t i o n using the 
method o f f i r s t powers. The CMC was also found t o oc­
cur very near the mixing moisture content r e q u i r e d t o 
produce m a x i m u T n standard Proctor d e n s i t y of the s o i l -
cutback asphalt-water system. 

• SOIL STABILIZATION may be br o a d l y d e f i n e d as any r e g u l a t e d process t h a t 
a l t e r s or c o n t r o l s s o i l p r o p e r t i e s f o r the purpose of improving the capac­
i t y o f s o i l t o perform and s u s t a i n an intended f u n c t i o n . Processes by 
which s o i l s may be s t a b i l i z e d i n c l u d e the use of other s o i l or chemical 
a d d i t i v e s or cements, compaction, moistiire c o n t r o l , or combinations of 
these. Asphalt i s one o f the cements used i n s o i l s t a b i l i z a t i o n f o r base 
or subbase courses o f pavements. 

TYPES OF ASPHALT 
Two types o f as p h a l t s , a t normal or s l i g h t l y elevated temperatiires, 
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are s u i t a b l e f o r m i x i n g w i t h s o i l ; these are the cutbacks and the emul­
sions. I n cutbacks, t h e v i s c o s i t y o f the asphalt cement i s lowered by 
use o f a solvent such as naphtha, kerosene or f u e l o i l . I n the us\aal emul­
sions, asphalt cement i s reduced t o c o l l o i d a l size d r o p l e t s and dispersed 
i n water. Use o f emiilsions w i t h s o i l s i s complicated by the f a c t t h a t 
clays or f i n e s i l t s may cause the emulsions t o "break" or separate i n t o t he 
c o n s t i t u e n t asphalt cement and water. This causes mixing d i f f l c i i l t i e s . 
E x c e l l e n t r e s u l t s have been r e p o r t e d when the emulsions can be maintained 
u n t i l a f t e r mixing. The usual c o n s t r u c t i o n procedure i s t o mix, a l l o w the 
emulsion t o break, and aerate t o reduce water i n the mix p r i o r t o compac­
t i o n . U s u a l l y the emulsion must be designed f o r the s o i l used. 

At present, cutbacks are the most p r a c t i c a l asphalts f o r s o i l s t a b i l i ­
z a t i o n . So-called road o i l s are equivalent t o cutbacks made w i t h f u e l o i l . 
The road o i l s are u s u a l l y prepared as d i r e c t r e s i d u a l s from f r a c t i o n a l d i s ­
t i l l a t i o n and they are the lowest cost a s p h a l t s . Because o f t h e i r slow-
c i i r l n g c h a r a c t e r i s t i c s , road o i l s are not the most s u i t a b l e f o r the s t a b i l i ­
z a t i o n o f s o i l mixes; however, they have been used f o r many years as sur­
face treatments t o reduce dust on g r a v e l roads. Road o i l s can penetrate 
some s o i l s , and continued annual treatment may b u i l d up a s a t i s f a c t o r y s t a ­
b i l i z e d mat on a l i g h t t r a f f i c road a f t e r 4 or 5 years. The use o f road 
o i l has t h e disadvantage t h a t roads must be closed t o t r a f f i c f o r long per­
iods a f t e r treatment. 

Medlimi-curing cutbacks ( c a l l e d MC) and r a p i d - c u r i n g cutbacks (RC) seem 
t o be s u i t a b l e types o f l i q u i d asphalt f o r s o i l s t a b i l i z a t i o n . D i f f e r e n t 
grades o f cutbacks are designated from 0 t o 5 , depending on the percent 
solvent contained. MC-0 and RC-0 each c o n t a i n about 50 percent s o l v e n t , 
and the percentage decreases t o about l 8 percent solvent f o r MC-5 and RC-5. 
RC cutbacks, i n a d d i t i o n t o having a more v o l a t i l e s o l v e n t , are made w i t h 
a harder a s p h a l t i c cement, c o n t r i b u t i n g t o b e t t e r b i n d i n g i n the f i n a l l y 
compacted and ciored mix. The choice between MC and RC depends l a r g e l y on 
c l i m a t e , s o i l t y p e , and c o n s t m c t i o n p r a c t i c e . Cutbacks cure by an evapora­
t i o n o f v o l a t i l e s . The higher grades o f RC cutbacks may harden before mix­
i n g i s completed; lower grades c o n t a i n more solvent and cure more slowly. 

The choice o f grade o f MC or RC also depends on mixing c o n d i t i o n s ; 
u s u a l l y the more solvent and the g r e a t e r the ease o f mi x i n g . Solvents cost 
about the same as t h e asphalt and do not d i r e c t l y c o n t r i b u t e t o s t r e n g t h . 
The use o f hi g h solvent content cutback asphalts may g r e a t l y prolong the 
c u r i n g t i m e . For these reasons MC-0 and RC-0 are l i t t l e used, MC-2 and 3 
and RC-2 and 3 represent good compromises. The f i n a l choice can be made 
only a f t e r l a b o r a t o r y t e s t s on the s o i l t o be used and a f t e r due considera­
t i o n o f c l i m a t i c c o n d i t i o n s . Usually f i n e r - g r a i n e d s o i l s r e q u i r e a lower 
v i s c o s i t y cutback asphalt f o r mixing. 

MECHANISM OF STABILIZATION 
Asphalts are u s e f i i l f o r s o i l s t a b i l i z a t i o n because o f t h e i r cementing 

and w a t e r p r o o f i n g q u a l i t i e s . The cementation p r o p e r t y i s g e n e r a l l y consid­
ered t o be most e f f e c t i v e i n p r o v i d i n g increased s t a b i l i t y I n non-cohesive 
or v e r y s l i g h t l y cohesive granular s o i l s , such as gravels and sands. The 
wat e r p r o o f i n g p r o p e r t y i s u t i l i z e d t o g r e a t e s t advantage i n the more co­
hesive s o i l s or soil-aggregate m i x t u r e s . Waterproofing a s s i s t s i n the pre -
seiTration o f the n a t u r a l s t a b i l i t y which these s o i l s have i n a dry and 
well-compacted c o n d i t i o n . 
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Of t h e t h e o r i e s t h a t have been o f f e r e d t o e x p l a i n the mechanism o f 
asphalt s o i l s t a b i l i z a t i o n {k,6,lD,lh,2£), the " i n t i m a t e mix" and " p l u g " 
t h e o r i e s o f Endersby (lO) seem t o have gained widest r e c o g n i t i o n . Granu­
l a r m a t e r i a l s appear t o best f i t the " i n t i m a t e mix" t h e o r y t h a t p a r t i c l e s 
are i n d i v i d u a l l y coated and stuck t o g e t h e r . The th e o r y does not apply t o 
c l a y m a t e r i a l s , where the f i n e s i z e o f f e r s a l a r g e surface area t o be 
coated. Also, clears r e t a i n a n a t u r s i l cohesion and cannot be separated 
r e a d i l y i n t o i n d i v i d u a l p a r t i c l e s . I n a f i n e - g r a i n e d s o i l , asphalt tends 
t o coat the s o i l i n small aggregates or clod s . The asphalt coats these 
clods and acts as a waterproofer by plugging v o i d s . This i s a m o d i f i c a ­
t i o n of the "pli;ig" t h e o r y . The pl u g t h e o r y does not appear t o apply t o 
p u r e l y granular s o i l s . 

To summarize the mechanisms: asphalt i s mixed w i t h granular s o i l s t o 
coat the g r a i n s and act as a wateirproofer and binder. I n c l a y - c o n t a i n i n g 
s o i l s the c l a y i s a n a t u r a l binder as long as water i s kept out; asphalt 
i s added as a waterproofer f o r the small clay-cemented agglomerations. 

APPLICATIONS 
Asphalt s o i l s t a b i l i z a t i o n i s a t present mostly l i m i t e d t o n o n p l a s t i c 

and m i l d l y p l a s t i c granular s o i l s such as g r a v e l s , sands, and s o i l - a g g r e ­
gate mixtures ( 3,lJl , l 6 , j l ^ , 1 9 , 2 0 , 2 l j - ). Economics p e r m i t t i n g , granular bor­
row m a t e r i a l s have lieen added t o f i n e - g r a i n e d s o i l s t o o b t a i n a mixture 
l i a b l e t o treatment w i t h asphalt. Successful a p p l i c a t i o n o f asphalt t o 
f i n e - g r a i n e d p l a s t i c s o i l s w i t h o u t granular admixtures has been somewhat 
l i m i t e d ( 3 , 2 3 , 2 ^ ). Recently, l a b o r a t o r y i n v e s t i g a t i o n s have been conducted 
on the s t a b i l i z a t i o n o f medium-plastic s o i l s w i t h asphalt ( 5 , 6 , 1 2 , 1 ^ , 2 3 , 2 6 , 
21). 

NEED FOR RESEARCH 
The use o f asphalt as a s o i l s t a b i l i z i n g agent has been q u i t e exten­

s i v e and i s one of the o l d e r s o i l s t a b i l i z i n g methods. Although t h i s i s 
t r u e , a c t i a a l l y l e s s i s known about the t h e o r y o f asphalt s o i l s t a b i l i z a t i o n 
than i s known about some of the newer methods. Most o f the knowledge on 
the subject has been d e r i v e d from f i e l d experience, which does not a l l o w 
a close c o n t r o l o f v a r i a b l e s such as can be maintained i n the l a b o r a t o r y . 
The complexity o f asphalt s o i l s t a b i l i z a t i o n i s i l l u s t r a t e d i n Figure 1 
by a l i s t i n g o f the major v a r i a b l e s i n h e r e n t i n the s u b j e c t . I t i s i n t e r ­
e s t i n g t o note t h a t a d e t a i l e d study o f only one o f the c o n t r i b u t o r y f a c ­
t o r s would r e q u i r e an estimated 8 ,000 t e s t specimens. The t o t a l number o f 
specimens r e q u i r e d f o r a complete a n a l y s i s and understanding o f a l l pos­
s i b l e interdependent v a r i a b l e s reaches an astronomical f i g u r e of the order 
o f a b i l l i o n or more. F o r t u n a t e l y the number o f samples needed can be r e ­
duced considerably by e l i m i n a t i n g any study o f f a c t o r s which have very 
l i t t l e e f f e c t on the f i n a l r e s u l t . 

The f o r e g o i n g statements e x p l a i n why so many seemingly c o n t r a d i c t o r y 
statements have been made about asphalt s o i l s t a b i l i z a t i o n and why a s t a t e 
o f m i l d confusion has r e s u l t e d . A l a r g e p a r t o f the confusion appears due 
t o a f a i l u r e t o d i f f e r e n t i a t e the purposes o f asphalt i n s o i l ; t h a t i s , 
whether i t i s t o f u n c t i o n as a waterproofer or as a cement. Further con­
f u s i o n i s probably due t o a f a i l u r e t o understand the reasons f o r the pres­
ence o f water and hydrocarbon v o l a t i l e s when cutbacks are used. 



Primary Factors C o n t r i b u t o r y Factors 

S t a b i l i z a t i o n 
of 

s o i l bituminous 
mixture 

Curing and 
compaction 

Pr o p e r t i e s o f the s o i l . 

S o i l Degree o f p u l v e r i z a t i o n S o i l before mixing. 

Moisture content 
before mixing. 

Bituminous 
m a t e r i a l 

P r operties o f the m a t e r i a l 
( i n c l u d i n g k i n d and grade). Bituminous 

m a t e r i a l 
Amount t o be mixed 
w i t h the s o i l 

Mixing 

Type of mixer 

Mixing energy. Method of adding. 

Temperature du r i n g m i x i n g . 

Method and degree o f compaction. 

Moisture content o f mixture during 
compaction. 

Method and degree o f c u r i n g . 

Figure 1 . Variables a f f e c t i n g s t a b i l i t y o f so11-bituminous mi x t u r e s . 
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ROLE OF WATER 
The presence o f water d u r i n g the mixing and compaction phases o f as­

p h a l t s o i l s t a b i l i z a t i o n has long been recognized as an Important f a c t o r . 
During m i x i n g , water f a c i l i t a t e s the even d i s t r i b u t i o n o f asphalt through­
out the mass as shown by Cape ( 7 ) . The amoimt o f moistiare r e q u i r e d f o r 
thorough d i s t r i b u t i o n o f cutback asphalt apparently increases as the amoiant 
of f i n e m a t e r i a l i n the s o i l increases. Asphalt cement can be d i s t r i b u t e d 
i f t he amount of water used i s enough t o produce a s l u r r y ( 2 2 ) . This phe­
nomenon has been used t o develop a surface s e a l i n g m a t e r i a l o f s o i l and as­
p h a l t cement ( 1 , 8 ) . Hancock ( l l ) has found t h a t the use of w e t t i n g agents 
improves the s t a b i l i t y o f cutback asphalt t r e a t e d s o i l s . 

During the compaction phase the amount of water becomes important 
mainly because o f i t s e f f e c t on d e n s i t y . Usually a s o i l - a s p h a l t mixture 
i s the strongest a t i t s maximim d e n s i t y . The amount of moisture r e q u i r e d 
f o r maxim-um d e n s i t y o f a s o i l - a s p h a l t m i x t u r e i s not the same as t h a t f o r 
the s o i l alone. 

Although the importance o f moisture d u r i n g these phases o f s t a b i l i z a ­
t i o n has been recognized, a s a t i s f a c t o r y agreement on the amo\jnt o f mois­
t u r e needed has never been reached. A value o f moistxare content which has 
been proposed i s c a l l e d the " f l u f f - p o i n t " o f the s o i l ( 6 ) . The term " f l u f f -
p o i n t " may be misleading i n t h a t i t does not always represent a s p e c i f i c 
moisture content b u t may be taken from a range i n moistxire content. The 
" f l t t f f - p o i n t " i s determined by comparison o f the d e n s i t y o f a number o f 
samples o f dry s o i l t o each o f which has been added a d i f f e r e n t amount o f 
water. The moisture and s o i l aj:e thoroughly mixed and the moisture con­
t e n t o f the sample e x h i b i t i n g the g r e a t e s t bxilkiness or mealiness of t e x ­
t u r e i s c a l l e d the " f l u f f - p o i n t . " The on l y apparent reason f o r t h i s choice 
of moisture content i s t h a t t h e r e i s a maximuTn v o i d r a t i o and g r a i n separa­
t i o n when the minimum d e n s i t y occurs. E v i d e n t l y the l o g i c o f t h i s choice 
was h e a v i l y I n f l u e n c e d by great f a i t h i n the v a l i d i t y o f the "plug theory." 
F u r t h e r l i t e r a t i r r e study i n d i c a t e s t h a t moisture content i s a c o n t r o v e r s i a l 
subject ( 1 3 ) . Moisture contents used i n mixing asphalt w i t h s o i l i n c l u d e : 
optimtim moisture f o r maximum d e n s i t y o f the s o i l , moisture content a t the 
" f l u f f - p o i n t , " optimum moisture f o r maximum d e n s i t y o f the s o i l minus c u t ­
back asphalt content and one-half optlmimi moisture f o r maximum d e n s i t y o f 
the s o i l . D i f f e r e n t concepts o f the r e l a t i o n o f cutback asphalt content 
t o water content used v a r y from the b e l i e f t h a t 2 percent cutback asphalt 
replaces 1 percent water t o the b e l i e f t h a t cutback asphalt and water have 
an e q u i v a l e n t l u b r i c a t i n g e f f e c t on s o i l g r a i n s d u r i n g compaction. 

The e f f e c t s due t o asphalt v o l a t i l e s d u r i n g compaction o f s o i l - a s p h a l t 
mixtures are not c l e a r l y imderstood. Usual p r a c t i c e includes a p e r i o d o f 
a e r a t i o n between mixing and compaction o f s o i l - c u t b a c k asphalt mixtures 
w i t h a wide variance i n the d u r a t i o n of the a e r a t i o n . A r e d u c t i o n by aera­
t i o n of the combined percentage o f water and asphalt v o l a t i l e s v a r i e s from 
o n e - f i f t h t o one-half o f the o r i g i n a l content. The asphalt v o l a t i l e l o s s 
i s thought t o be responsible f o r an increase i n s t r e n g t h of the compacted 
m a t e r i a l s . 

PURPOSE OF INVESTIGATION 
The f o r e g o i n g d i s c u s s i o n emphasizes the need o f t h i s i n v e s t i g a t i o n 

which, b r o a d l y s t a t e d , i s t o stvidy and i n t e r p r e t the e f f e c t s o f water dur­
i n g m i x i n g and duri n g compaction and the e f f e c t s o f asphalt v o l a t i l e s dur­
i n g compaction on th e s t a b i l i z a t i o n o f s o i l w i t h cutback a s p h a l t . A com-
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TABLE 1 

LOCATION OF SOIL SAMPLES 

Sample 
No. County Section 

T i e r S o i l 
North Range Series 

Sampling 
depth, f t Horizon 

20-2 
100-8 
S-6-2 
1+11 
26-1 
434-1 

Harrison 
Scott 
Benton 
Page 
Shelby 
Fremont 

NWi 
N E i , 

NWi, 

S-15^ 
SEt, S-13 
SB | , S-16 
S-27 
S-21 
NW4, S-36 

78 
77 
86 
69 
81 
69 

1+3-w 
2-E 
lO-W 
36-W 
1+O-W 
1+O-W 

Hamb\arg 
Fayette 
Carrington 
Shelby 
Marshall 
Marshall 

39-40 
25-25i 

3-6 
3- 23 
4- 5 

4i-5i 

^Sample was obtained, behind the t h i r d ward school i n Missouri Valley. 

TABLE 2 

PROPERTIES OF SOILS 

Determination 20-2 100-8 S-6-2 4 l l 26-1 4 3 i-i 

Physical properties 
41.8 39.4 L.L., ̂  30.8 27.1 N.P. 41.8 39.4 51.9 

P.L., i> 24.6 19.8 N.P. l4 . 9 26.9 18.5 
P.I., i 6.2 7.3 N.P. 26.9 12.5 33.4 
C.M.E., 5̂  19.6 — — 21.7 19.5 28.5 
S.L., ^ 22.3 20.6 14.8 12.3 23.3 19.1 
Sp. Gr. 2.71 2.72 2.68 2.67 2.71 2.72 
Lower f l u f f -

point, 'f)^ 8 5 1.5 11.0 9.0 11.5 
Std. Proct. 

104.3 density, pcf 109.9 109.9 111.9 107.0 104.3 
Opt. M.C., 56 18.2 15.8 12.3 15.5 17.7 19.1 

Chemical properties 
0.04 0.18 Organic matter, 'ji 0.17 0.2 0.04 0.11 0.18 0.37 

Carbonates, ^ 10.17 20.0 — — — 0.5 
Cat. Ex. Cap. 3.8 13.4 ~ 20.0 18.2 24.4 
pH 8.7 7.9 6.5 — -- 6.7 

Textural composition, 
94.4 0.4 Sand 0.4 2 .8 94.4 32.7 0.9 0.4 

S i l t 79.8 85.2 3.4 30.8 69.7 60.2 
Clay 19.8 12.0 2.2 36.5 8.1 39.4 
C o l l o i d a l clay l4 . 5 8.9 1.1 26.0 21.4 29.8 

Textural c l a s s i f i c a ­ S i l t y S i l t y S i l t y S i l t y 
tion'^ ( B . P . R . system) loam loam Sand Clay clay clay 

Engineering c l a s s i ­
A - 7 - 6(l8) f i c a t i o n (AASHO) A-4(8) A-4(8) A-3(0) A - 7 - 6(l8) A-6(9) A - 7 - 6(l8) 

^Defined by Benson ( l 2 ) . 
hSand - 2.0 to 0.074 mm, s i l t - 0.074 to O.OO5 mm, clay - l e s s than O.OO5 mm, 
co l l o i d a l clay - l e s s than 0,001 mm. 

'^Classified t e x t u r a l l y by the Bureau of Public Roads System except that sand 
and s i l t s i z e s are separated by the No. 200 sieve. 
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p l e t e imderstanding o f the e f f e c t s of these v a r i a b l e s on a compacted mix 
should a i d i n a r r i v i n g a t a more i n t e l l i g e n t and e f f i c i e n t design o f s o i l -
cutback asphalt mixtures than e x i s t s today. 

MATERIALS 
S o i l s 

S o i l samples were chosen from the l o e s s , g l a c i a l t i l l and sand mate­
r i a l s o f Iowa t o represent not only widespread s o i l types but also t e x t i o r -
a l v a r i a t i o n s o f s o i l i n general. Samples 2 0 - 2 and 1 0 0 - 8 represent the 
f r i a b l e , calcareous loess i n western and eastern Iowa, r e s p e c t i v e l y . Sam­
ple 2 0 - 2 was from the deep loess b o r d e r i n g the M i s s o u r i River and 100-8 
was from the deep loess along the M i s s i s s i p p i River. A sub-study compar­
in g t e s t i n g apparatus was made using samples 2 6 - 1 and ^3^-1 which represent 
the p l a s t i c loess i n southwestern Iowa. 

Sample S-6-2 i s a f i n e sand from east c e n t r a l Iowa w i t h a low c l a y 
content o f o n l y 2 percent. This m a t e r i a l represents the f l u v i a l f i n e sand 
deposits o f the area. 

Sample kH i s Kansan g l a c i a l t i l l from southwestern Iowa. Kansan 
t i l l i s one o f the most abundant s x i r f i c i a l m a t e r i a l s i n the southern p a r t 
of Iowa and may be found i n almost a l l p a r t s o f Iowa. The p a r t i c l e size 
d i s t r i b u t i o n and mineralogy o f Kansan t i l l i s i n general s i m i l a r i n a l l 
areas ( 2 l ) . 

Sample l o c a t i o n s , s o i l s e r i e s and p h y s i c a l p r o p e r t i e s o f the s o i l 
m a t e r i a l s are presented i n Tables 1 and 2 . 

Asphalt 
Cutback asphalts o f grades MC-0, MC-2 and MC-l*- were used. The prop­

e r t i e s o f the asphalts as f u r n i s h e d by the manufacturer are l i s t e d i n Table 
3 . Medium-ciirlng cutback asphalts were selected f o r the reasons p r e v i o u s l y 
g i v e n . 

LABORATORY PROCEDURES AND TESTS 
Standard t e s t s and l a b o r a t o r y techniques are not always s u f f i c i e n t or 

a p p l i c a b l e procedures f o r conducting research. This was found t o be t r u e 
i n the present i n v e s t i g a t i o n , and a number o f s u b - i n v e s t i g a t i o n s were ne­
cessary t o develop s u i t a b l e methods o f t e s t ( l 5 ) . 

P r o p o r t i o n i n g of M a t e r i a l s 
A l l a d d i t i o n s o f water and cutback asphalt were c a l c u l a t e d as a per­

centage o f the weight o f oven-dry s o i l w i t h which t h e y were mixed. Cut­
back asphalt percentages represent the t o t a l weight of asphalt cement plus 
hydrocarbon v o l a t i l e s . I n other words 6 percent cutback asphalt means a 
mixt u r e having a r a t i o o f 6 l b o f l i q u i d cutback asphalt t o 100 l b of oven-
dry s o i l . 

Moisture and I^drocarbon V o l a t i l e Determinations 
Determinations o f moisture content i n samples devoid o f cutback as­

p h a l t were made by d r y i n g the samples i n an oven a t 105 t o 110 C. Mois­
t u r e contents o f samples c o n t a i n i n g cutback asphalt were determined by 
d i s t i l l a t i o n o f a l l v o l a t i l e m a t e r i a l from t h e sample w i t h a subsequent 
separation and measurement of the amount o f water and hydrocarbon v o l a -
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TABLE 3 
PROPERTIES OF CUTBACK ASPHALTS^ 

Test S p e c i f i c a t i o n D e G i g n a t i o n 
Method MC-0 MC-2 MC-ll- RC-2 

Furol viscosity at 77 F, sec 
Furol viscosity at 122 F, sec 
Furol viscosity at I've F, sec 
Furol viscosity at l8o F, sec 

ASTM D 88 98 
l'+3 

211 
138 

Specific gravity (77/77 F) AASHO T k3 0.939 0.967 

D i s t i l l a t i o n 
D i s t i l l a t e (percent of to t a l 

d i s t i l l a t e to 68o F) 
To 370 F 
To l*-37 F 
To 500 F 

ASTM 1+02 

71.1+ 
2.3 

20.9 
72.1 

0.0 
9-5 

57.1 
1+1.7 
73 

Residue from d i s t i l l a t i o n to 680 F 
Volume percent by difference 65 78.5 89.5 76 

Sp. gravity of d i s t i l l a t e (77/77 F) 0.79 0.83 0.81+ ~ 

Tests on residue from d i s t i l l a t i o n , 
pen. 77 F, 100 g, 5 sec 1000 210 215 96 

Sp. gravity of residue (77/77 F) ASTM D 71 1.005 1.015 1.005 1.012 

Solubility i n carbon tetrachloride ASTM D 1+ 99.95 99.99- 99.98 99.56 

Temperature of use for mixing, deg F 50-120 100-120 175-225 80-150 

Ollensis spot test Neg. Neg. Neg. Neg. 

^•Properties furnished by the Standard O i l Company of Indiana. 

t i l e m a t e r i a l (15 . ) . The l a t t e r method determines both water content and 
hydrocarbon v o l a t i l e content o f the sample. 

Mixing of M a t e r i a l s 
Test specimens were prepared from batches mixed by a Hobart C-100 

k i t c h e n mixer. The r e q u i r e d amount o f water ( v a r i e d w i t h experiment per­
formed) and 1 ,500 grams o f s o i l were f i r s t machine-mixed f o r 2 mln. Next 
the sides of the mixing bowl were scraped and the m a t e r i a l s were then 
mixed f o r an a d d i t i o n a l 3 mln. The s o i l - w a t e r mixture was then s t o r e d I n 
an a i r - t i g h t c o n t a i n e r f o r 16 t o 2k h r before the a d d i t i o n o f cutback as­
p h a l t . The cutback asphalt was heated t o the middle of the range of tem­
peratures recommended by the Asphalt I n s t i t u t e and hand mixed i n t o t he 
moist s o i l t o prevent splashing. Next the m a t e r i a l s were machine-mixed 
i n the f o l l o w i n g order: 1^ mln o f mix i n g , sides were scraped, 1^ mln o f 
mixi n g , sides again scraped and a f i n a l 2 mln of mixing ( 1 5 ) . 

One o f the s u b - i n v e s t i g a t i o n s was a study o f the amount of hydrocarbon 
v o l a t i l e m a t e r i a l l o s t during the process of mixing cutback asphalt w i t h 
s o i l . Dete-rmlnation o f the l o s s o f hydrocarbon v o l a t i l e s w h i l e mixing 10 
percent MC-0 a t room temperat\nre w i t h oven-dry s o i l , and w i t h a i r - d r y s o i l 
a t room temperature showed t h a t the l o s s i s very small; the l o s s a f t e r 7 
mln of mixing w i t h oven-dry s o i l a t 110 C and c o o l i n g t o room temperatiire 
i n a desiccator was I . 2 7 percent o f the hydrocarbon v o l a t i l e s and the l o s s 
using a i r - d r y s o i l was 1 .21 percent. The smaller l o s s I n the presence o f 
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hydroscopic moisture can be explained by considering the mechanism o f mass 
t r a n s f e r : 

Loss o f hydrocarbon v o l a t i l e s through evaporation i n - a system o f t h i s 
type i s e s s e n t i a l l y a d l f f u s i o n a l phenomenon. The system can also be con­
sidered t o c o n s i s t o f two immiscible l i q u i d s , water and kerosene or water 
and g a s o l i n e . Each component l i q u i d e x i s t s i n a pure s t a t e and t h e r e f o r e 
e x e r t s i t s normal e q u i l i b r i u m vapor pressure a t the e x i s t i n g temperature. 
The r a t e o f evaporation i n e i t h e r a s t a t i c or dynamic atmosphere i s pro­
p o r t i o n a l t o t h e surface exposed m u l t i p l i e d by the d i f f e r e n c e between the 
p a r t i a l pressures o f the evaporating component a t the I n t e r f a c e and i n the 
surrounding atmosphere. Increased water contents do not a f f e c t p a r t i a l 
pressures and t h e r e f o r e t h e y reduce the amount o f hydrocarbon v o l a t i l e 
l o s s by reducing the exposed surface area o f the more v o l a t i l e hydrocarbon 
m a t e r i a l . Because the hydrocarbon v o l a t i l e l o s s i n the presence o f a small 
amount o f water was n e g l i g i b l e , t he l o s s w i t h l a r g e r amounts o f water pres­
ent w i l l be even l e s s and f o r p r a c t i c a l pijrposes can be considered n e g l i ­
g i b l e . 

Aging Mixtures 
Batches of cutback a s p h a l t - s o i l - w a t e r mixtures t h a t were used f o r 

studying t h e amount o f water r e q u i r e d d u r i n g m i x i n g , were s t o r e d k h r i n 
an a i r - t i g h t c ontainer before molding specimens. The purpose o f t h i s ag­
i n g was t o Insure s o i l - m o i s t u r e e q u i l i b r i u m c o n d i t i o n s . 

Drying-Back Mixtures 
Batches o f cutback a s p h a l t - s o i l - w a t e r m l x t i i r e s t h a t were used f o r 

studying t h e amount o f water and hydrocarbon v o l a t i l e m a t e r i a l remaining 
before molding were a i r - d r i e d f o r various periods o f ti m e . The cutback 
a s p h a l t - s o i l - w a t e r mixtiores were placed i n shallow pans and covered w i t h 
a l a y e r o f gauze and a 1 - l n . l a y e r o f c o t t o n . The coverings reduced t h e 
thermal g r a d i e n t s and vapor c o n c e n t r a t i o n g r a d i e n t s , which i n t u r n reduce 
the r a t e o f vapor phase mass t r a n s f e r from the siirface o f the d r y i n g mate­
r i a l . The reduced r a t e o f surface mass t r a n s f e r causes the l i q u i d and 
vapor c o n d i t i o n s t o remain s t a t i c and f a i r l y close t o e q u i l i b r i u m through­
out the d r y i n g m i x t i i r e . 

Molding 
F o l l o w i n g e i t h e r aging or drying-back, s o i l - c u t b a c k asphalt mixtures 

were molded i n t o 2 - i n . diameter by 2 - i n . h i g h specimens using standard 
Proctor compactive e f f o r t (£). The molds were 5-in.-long brass c y l i n d e r s 
having a 2 - i n . i n s i d e diameter. Compacted m a t e r i a l i n excess o f 2 i n . was 
extruded from the c y l i n d e r and trimmed. The specimen remained w i t h i n t h e 
c y l i n d e r throtigh t e s t i n g (15). 

T e s t i n g Specimens 
The s t a b i l i t y o f specimens was evaluated by the Iowa Bearing VeLLue 

t e s t Immediately f o l l o w i n g the soaking p e r i o d . The Iowa Bearing Value 
t e s t (IBV t e s t ) was chosen as a means of s t a b i l i t y e v a l u a t i o n f o r s e v e r a l 
reasons (15). The IBV t e s t i s b e l i e v e d t o simulate f i e l d c o n d i t i o n s more 
n e a r l y than other t e s t s , i t r e q u i r e s one-twentieth the amount of m a t e r i a l 
and l e s s t h a n one-half t h e time r e q u i r e d by th e CBR t e s t . The IBV t e s t 
molds are small and r e q u i r e l i t t l e space i n h i m i i d l t y or storage cabinets. 
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A s i n g u l a r disadvantage i s the f a c t t h a t the IBV t e s t i s l i m i t e d t o medium-
and f i n e - g r a i n e d s o i l s , although a l i m i t e d amount o f research i n d i c a t e s 
t h a t m a t e r i a l s c o n t a i n i n g up t o 25 percent - j - i n . g r a v e l may be t e s t e d (9). 
The s o i l m a t e r i a l s used i n t h i s study were medium and f i n e grained. 

The IBV t e s t i s a m i n i a t i i r e bearing t e s t p a t t e r n e d a f t e r the C a l i f o r ­
n i a Bearing Ratio t e s t . The t e s t specimen i s compacted i n t o a 2-in. diam­
e t e r mold and s t r u c k o f f t o a h e i g h t of 2 i n . A 5/8-ln. p e n e t r a t i o n r o d 
i s f o r c e d i n t o the specimen by a t e s t i n g machine, and the l o a d a t various 
depths o f p e n e t r a t i o n i s recorded and graphed. I n t h i s i n v e s t i g a t i o n the 
l o a d corresponding t o 0.08-ln. p e n e t r a t i o n i s c a l l e d the IBV. 

I n the IBV t e s t , specimens may be t e s t e d i n any c o n d i t i o n sxich. as 
soaked, a i r - d r y or a f t e r f r e e z i n g and thawing. I n t h i s i n v e s t i g a t i o n , 
specimens i n brass c y l i n d e r s were immersed i n d i s t i l l e d water a t room tem­
perature w i t h a surcharge ( e q u i v a l e n t t o t h a t used i n the CBR t e s t ) and 
allowed t o soak f o r 7 days before t e s t i n g . Seven days was chosen as the 
soaking p e r i o d because i t was found t h a t a maximimi l o s s i n s t a b i l i t y , as 
measured by s t r e n g t h , occurs w i t h i n t h i s p e r i o d . 

The IBV t e s t was developed i n the Engineering Experiment S t a t i o n o f 
the Iowa State College and i s being c o r r e l a t e d w i t h the CBR t e s t (2,9,17). 

Review of Procedure 
A b r i e f step-wise review o f the l a b o r a t o r y procedure i s presented f o r 

the sake o f c l a r i t y : 
1. P r o p o r t i o n s o i l and water 
2. Mix 
3. Store 16 t o 24 hours 
4. Mix by hand 
5. Add l i q u i d cutback asphalt 
6. Mix by hand 
7. Machine mix 
8. Age or dry-back 
9. Mold 
10. Immerse i n d i s t i l l e d water 
11. Test 

INVESTIGATION 
Water contents d u r i n g mixing and d u r i n g compaction o f s o i l - c u t b a c k 

aspheilt m i x t i i r e s have marked e f f e c t s on the p r o p e r t i e s o f the r e s i i l t l n g 
s t a b i l i z e d m a t e r i a l . The amount o f moisture present during mixing also 
has a decided i n f l u e n c e on the f i n a l d i s t r i b u t i o n o f cutback asphalt i n 
the s o i l mass. The main purpose o f t h i s i n v e s t i g a t i o n was t o determine 
what moisture c o n t r o l should be exercised t o insure a s t a b i l i z e d m a t e r i a l 
having an optimum combination o f p r o p e r t i e s . Two processes o f cutback 
asphalt s o i l s t a b i l i z a t i o n were i n v e s t i g a t e d : i n Process I , s o i l , cutback 
asphalt and water were mixed and immediately compacted; i n Process I I , 
s o i l , asphalt and water were mixed and the mixture was d r i e d back t o some 
lower molst\ire content before compaction. 

The d i f f e r e n c e between Process I and Process I I was the stage i n the 
process a t which the water content was v a r i e d . I n Process I the water 
content was v a r i e d d u r i n g mixing and the mixture was compacted w i t h a wa­
t e r content equal t o t h a t used i n mixing. I n Process I I the water content 
during mixing was s u f f i c i e n t l y h i g h t o Insure good cutback asphalt d i s -
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t r i b u t i o n ; the water content was then changed from t h a t used du r i n g mix­
i n g by d r y i n g back before compaction. 

Process I 
The e f f e c t s o f moistiire content d u r i n g mixing on the d e n s i t y , IBV, 

a b s o r p t i o n , expansion and the t o t a l 7-AB.y soaked moisture content were 
s t u d i e d by t e s t i n g specimens molded from d i f f e r e n t batches of s o i l , as­
p h a l t and water i n which the water content was v a r i e d . A l l other q u a n t i ­
t i e s and q u a l i t i e s such as the amount and type of s o i l , and the amount and 
type of cutback asphalt were maintained constant f o r any one study. Each 
of the f o u r s o i l s was s t u d i e d i n t h i s manner and compared using admixtures 
o f 6 and 10 percent MC-2 and MC-4 cutback a s p h a l t . The sand sample (S-6-2) 
was t r e a t e d w i t h o n l y 3 percent MC-2 because higher percentages of MC-2 
cutback asphalt produced mixtures o f such a l i q i o i d consistency t h a t mold­
i n g was impossible. The use o f TAC-k w i t h the sand p e r m i t t e d treatments o f 
both 3 and 6 percent. Again i t i s emphasized t h a t water content was the 
o n l y v a r i a b l e i n any s i n g u l a r study o f constant cutback asphalt content. 
The method o f a n a l y s i s can be c l a r i f i e d by an examination o f the data p r e ­
sented. 

Density was c a l c u l a t e d as weight o f dry s o i l per u n i t volume and i s 
expressed i n pounds per cubic f o o t . IBV was expressed i n pounds, absorp­
t i o n was c a l c u l a t e d as the amount o f moisture gained by a specimen during 
the Y-Aay Immersion p e r i o d and was expressed as a percentage o f the oven-
dry weight o f s o i l contained i n the specimen. Expansion of specimens was 
expressed as a percentage of the o r i g i n a l h e i g h t o f the specimen concerned 
because the specimens were l a t e r a l l y c onfined and expansion occurred i n 
one dimension o n l y . T o t a l J-isy soaked moisture content was expressed as 
percentage o f the oven-dry weight o f s o i l contained i n a specimen. 

The data are presented I n Figures 2, 3 and k as graphs w i t h d e n s i t y , 
IBV, a b s o r p t i o n , expansion and t o t a l T-day soaked moisture content t r e a t ­
ed as dependent v a r i a b l e s . The independent v a r i a b l e i s the water content 
d u r i n g m i x i n g , expressed as a percentage o f the oven-dry weight o f the 
s o i l I n each specimen. Each p o i n t on the graphs represents an average o f 
th r e e values. 

The curves o f IBV, d e n s i t y and o f t o t a l moisture content a f t e r 7 days' 
soaking a l l show e i t h e r a maximum or a minimum where an optimum mixing 
moisture content e x i s t s f o r each combination o f s o i l and type and amoimt 
of cutback asphalt. The optimum moisture contents f o r the f o r e g o i n g are 
seldom c o i n c i d e n t . 

The a b s o r p t i o n and expansion curves are s i m i l a r i n character. Both 
sets o f curves are, i n general, a l o g a r i t h m i c type asymptotic t o some min­
imum value. The curves i n d i c a t e t h a t the best a b s o r p t i o n and expansion 
performances are obtained w i t h the highest mixing water content p o s s i b l e . 
However, a gain i n absorption and expansion performance by i n c r e a s i n g the 
mixing water content i s obteiined o n l y a t t h e expense o f other d e s i r a b l e 
p r o p e r t i e s . 

Somewhere w i t h i n the range o f moisture s t u d i e d t h e r e i s a mixing 
moisture content which represents the best compromise when a l l p r o p e r t i e s 
are considered. The camprcanise p o i n t was found by g r a p h i c a l a n a l y s i s o f 
the data, u s i n g the method o f f i r s t powers i n which a m i n i m i z a t i o n of the 
simulation o f i n d i v i d u a l p r o p e r t y d e v i a t i o n s from a datum i s c a l c u l a t e d . 
More accurate methods o f a n a l y s i s could be perfonned by using e i t h e r the 
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Fig\ire 2. Graphs o f moisture content during mixing versus the IBV, dry 
de n s i t y , a b s o r p t i o n , expansion and t o t a l moistiire content a f t e r 7 days 
soaking o f s o i l - c u t b a c k asphalt compacted specimens. The s o i l - c u t b a c k 
asphalt compositions are l i s t e d on each graph. The amount of r e s i d u a l 
asphalt cement i n 6 and 10 percent MC-2 i s 4.93 and 8.2 percent, and i n 6 
and 10 percent MC-4 i s 5.47 and 9.11 percent. The v e r t i c a l l i n e i n the 

center o f the graph i n d i c a t e s the CMC. 
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Figure 3. Graphs of moisture content d u r i n g mixing versus the IBV, dry 
de n s i t y , a b s o r p t i o n , expansion and t o t e i l moisture content a f t e r 7 days 
soaking o f s o i l - c u t b a c k asphalt compacted specimens. The s o i l - c u t b a c k 
asphalt compositions are l i s t e d on each graph. The amount o f r e s i d u a l 
asphalt i n 3, 6 and 10 percent MC-2 i s 2.14-7, lj-.93, and 8.2 percent, and 
i n 3 and 6 percent W,-\ i s 2.7 and 5.1+ percent. The v e r t i c a l l i n e i n the 

center o f the graph i n d i c a t e s the CMC. 
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Figure h. Graphs of molstiire content during mixing versus the IBV, dry-
density, absorption, expansion and t o t a l moisture content a f t e r 7 days 
soaking of soil-cuthack asphalt compacted specimens. The soil-cutback 
asphalt compositions are l i s t e d on each graph. The eimount of re s i d u a l 
asphalt cement i n 6 and 10 percent MC-2 i s h.SZ and. 8.2 percent, and i n 6 
and 10 percent MC-i<- i s 5.Ĵ 7 and 9.11 percent. The v e r t i c a l l i n e i n the 

center of the graph indicates the CMC. 
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method of l e a s t squares or the method of l e a s t cubes. However, the l a t t e r 
methods are f a r more complex and require an exact knowledge of the equa­
tions of the functions r e l a t i n g the properties i n question for accuracy. 
Cvirves could he f i t t e d to the numerical data hut i n so doing, errors of a 
serious nature are apt to he introduced. Errors of t h i s type offset the 
increased accuracy of the more complex methods, so the simplest method 
was used. 

Each property exhibits one best value, either a maximum or a minimum, 
which was used as a datum. The difference between a property value and 
the datum value was then calculated at each moisture content as a percent­
age of the datum value. The percentage of deviation of a l l properties 
from t h e i r respective datums were summed at each mixing moisture content 
and the summations of deviations were then plotted versus mixing moisture 
content. The mixing moisture content corresponding to the minimum value 
of the simmation of deviations i s then the best compromise moistiore con­
tent {(MC). The mixing CMC was found by t h i s method for a l l s o i l s and 
combinations of cutback asphalt used except for some of the sand mixes i n 
which no defi n i t e maximtmi or minimum were evident. The CMC for the l a t ­
t e r were v i s u a l l y estimated. 

The data r e s u l t i n g from the t e s t s and calculations are given i n Table 
k. Optimum moisture for the raw s o i l i s included primarily as a matter of 
i n t e r e s t . The mixing moistiire content corresponding to maximum IBV, max­
imum density and minimum t o t a l moisture content a f t e r 7 days' immersion 
are shown for comparison with the mixing CMC at which the best o v e r - a l l 
r e s u l t s axe obtained. 

T A B L E h 

D A T A F R O M P R O C E S S I — M I X E D A U D M O L D E D 

M i x i n g M o i s t u r e 1 C o n t e n t R e q u i r e d C a l c u l a t e d MC 
t o P r o d u c e : W h e r e M i n i m u m 

O p t i m u m M i n i m u m S u m m a t i o n o f 
A m o u n t M o i s t u r e M a x i m u m M o i s t u r e D e v i a t i o n s 

a n d T y p e o f o f S o i l , M a x i m u m D r y C o n t e n t A f t e r O c c u r s , 
S o i l C u t b a c k A s p h a l t ^ ' I B V D e n s i t y 7 D a y s S o a k i n g CMC, ^ 

20-2 6^, MC-2 l8.0 15.5 15.7 10.1 15.8 
lOi, 9.6 13.6 7.2 9.5 
6$ M C - l ^ 16.0 ik.O 13.8 l i f . 5 

loi 8.5 13.9 10.0 9-5 
100-8 6i MC-2 15.8 12.7 13.8 12.5^ 

105̂  6.6 9.6 i^.5^ 8.0^ 
hll 6^ MC-2 16.6 15.8 12.3 16.3 

10^ 16.5 9.0 10.k 11.6 
6'^ MC-lj- ik.'j 12.5 13.1 Ik.2 

10'^ 15.2 15.7 12.3 ik.6 

S-6-2 3i, MC-2 12.3 3.2 0.5^ 0.5^ 1.0I3 
3$ UC-k 10.0 9.8 11.7 10.5 
6$ 8.5 8.0 0.5''' 7.01= 

^ A m o u n t o f r e s i d u e i n 6^ MC-2 c u t b a c k a s p h a l t I s U.93^, 105̂  I s 8.256 a n d i n 6<^ MC-l^ 
5.1+756 a n d I n 10̂ ^ yiC-k 9.11^. 

V i s u a l l y e s t i m a t e d b e c a u s e m a x i m a a n d m i n i m a w e r e i n d e f i n i t e . 
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Examination of these data show that the mixing moisture for maximum 
IBV and for maximum density c l o s e l y correspond to the mixing CMC. Kxact 
correspondence would produce a straight l i n e graph passing through the 
origin with a slope of deg i n 
each case. Plots of mixing mois­
ture for maximum IBV and for max-
ijmm density versus CMC are shown 
i n Flg\jre 5. Both plots follow a 
lt5-deg l i n e f a i r l y w e l l . The mix­
ing moisture for maximum IBV ap­
pears to give the best correlation; 
however, the mixing moisture for 
maximum density gives a good cor­
r e l a t i o n . 

Absorption or expansion due 
to soaking cannot be used as c r i ­
t e r i a for predicting mixing mois­
ture for maximum performance be­
cause there i s no convenient con­
t r o l point on the curves as shown 
i n Flg\ares 2, 3, and k. The only 
possible point of control i s the 
minimum value i n each case and the 
minimum values l i e too f a r to the 
right of the moisture range i n 
which maximum density, maximum IBV 
and minimum t o t a l moisture content 
aft e r 7 days' immersion occur. I n ­
clusion of absorption and expan­
sion i n the CMC computation woiild 
displace the CMC to the right f a r 
enoi;igh to be out of the moisture 
range previously mentioned. These 
properties are determined a f t e r 
specimens have been soaked for one 
week. The properties are also de­
pendent on the moisture content at 
the beginning of the soaking per­
iod, because the amoiont of absorp­
ti o n or expansion i s p a r t i a l l y de­
pendent on the amo\int of a i r void 
space available for the entry of 
water. The moisttire content at 
the beginning of the soaking per­
iod i s also v a r i a b l e , so the a-
mount of absorption or expansion 
i s a r e l a t i v e value. 

The mixing moisture for the 
maximum density of the s o i l asphalt 
mix i s the most p r a c t i c a l moisture 
content for use as a guide i n de­
termining water requirements for 
cutback asphalt s o i l s t a b i l i z a t i o n . 

7 

CMC ,7o 

7 

CMC , % 

Process I 

Figure 5. Graphs comparing mixing 
moist\ire content for maximum stand­
ard Proctor density and mixing 
moisture content for maximum IBV 
with the compromise moisture con­
tent. Exact correlation of the ex­
perimental data would f a l l on the 
Indicated l*-5-deg l i n e . This r e l a ­
t i o n holds true for the s i l t y and 
clayey s o i l s used i n t h i s i n v e s t i ­

gation. 
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The density t e s t s can be run i n a r e l a t i v e l y short timej the IBV t e s t re­
quires at l e a s t a week. 

Process I I 
The e f f e c t s of moisture content during compaction on the density, IBV, 

expansion and the t o t a l 7-day soa:ked moistiire content were studied "by t e s t ­
ing specimens molded from different batches of s o i l , asphalt and water i n 
which the moisture and hydrocarbon v o l a t i l e content had been changed by 
drying the material a f t e r mixing. A l l other quantities and q u a l i t i e s such 
as the amount and type of s o i l , and the amount and type of asphalt were 
maintained constant for any one study. Batches were mixed at either the 
standard Proctor optimm moisture or at the l i q u i d l i m i t of the raw s o i l 
and i n some cases at the p l a s t i c l i m i t . Each s o i l was studied i n t h i s 
manner and compared to other s o i l s using 6 and 10 percent MC-2 and UC-k 
cutback asphalt. The sand sample was again treated as stated i n the pre­
vious section describing Process I . Property values were calculated and 
expressed i n the same units as before. 

The data are presented i n Figures 6, 7, 8 and 9 as graphs with density, 
IBV, expansion and t o t a l 7-day soaked moisture content treated as dependent 
variab l e s . The independent variable i s the water content during molding. 
Each point on the graphs represents an average of three values. 

The data are presented i n Figures 6, 7, 8 and 9 i n the same manner as 
the data for Process I . The res u l t i n g cwcves are of the same general type 
as those obtained i n Process I and were analyzed as described under Pro­
cess I . 

A close correlation, except for sand, e x i s t s between either the mois­
ture contents for maximim density or maximum IBV and the dried back CMC as 
shown i n Figure 10; the r e s u l t s from sand tend to be e r r a t i c and the CMC 
must be estimated by eye. Both plots follow a 45-deg l i n e and the same 
general statements apply as were discussed under Process I . I t i s impor­
tant to note that the dried back moisture content for maximum density of 
the soi l - a s p h a l t mix i s the most p r a c t i c a l c r i t e r i o n for determining the 
water reqiolrements of Process I I , with the possible exception of sand. 
The data indicate that for sand the CMC l i e s on the dry side of the dried 
back moisture content for standard Proctor density. 

Comparison of Processes I and I I 
Tables 5 and 6 compare Processes I and I I on the basis of the values 

of IBV, density and t o t a l J-daj soaked moisture content obtained at the 
CMC of each process. A l l property values of specimens r e s u l t i n g from 
Process I were superior to those of corresponding specimens prepared by 
Process I I with the exception of t o t a l 7-<iay soaked moisture content of 
the sand specimens mixed with UC-k. I t would then appear that Process I 
produces the best r e s u l t s with the t e x t u r a l types of s o i l studied. 

Heavier clays may require the use of Process I I , because the CMC of 
Process I may l i e within the p l a s t i c range of the s o i l . Should t h i s be 
so, adequate mixing of such a s o i l with asphalt at the CMC of Process I 
i s impossible. The higher mixing moistiire contents employed i n Process I I 
become the only possible solution because mixing i s e a s i l y done near the 
l i q u i d l i m i t of highly p l a s t i c s o i l s . The use of Process I I increases the 
cost, because the addition of the drying back stage may economically l i m i t 
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Figure 6. Graphs of moistiire content during molding versus the IBV, dry 
density, absorption, expansion and t o t a l moisture content a f t e r 7 days 
soaking of soil-cutback asphalt compacted specimens. The soil-cutback 
asphalt compositions and the moisture content at which the mixes were 
mixed are l i s t e d on each graph. The amount of re s i d u a l asphalt cement i n 
6 and 10 percent MC-2 i s and 8.2 percent, and i n 6 and 10 percent 
KC-h i s 5.̂4-7 and 9.11 percent. The v e r t i c a l l i n e i n the center of the 

graph indicates the CMC. 
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Figiore 7. Graphs of moisture content during molding versus the IBV, dry 
density, absorption, expansion and t o t a l moisture content a f t e r 7 days 
soaking of soil-cutback asphalt compacted specimens. The soil-cutback 
asphalt compositions and the moisture content at which the mixes were 
mixed are l i s t e d on each graph. The amount of res i d u a l asphalt cement i n 
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Figure 9. Graphs of moisture content during molding versus the IBV, dry 
density, absorption, expansion and t o t a l moisture content a f t e r 7 days 
soaking of soil-cutback asphalt compacted specimens. The soil-cutback 
asphalt compositions and the moisture content at which the mixes were 
mixed are l i s t e d on each graph. The amount of res i d u a l asphalt cement i n 
3, 6 and 10 percent MC-2 i s 2.1+7, l)-.93 and 8.2 percent, and i n 3, 6 and 
10 percent MC-ll- i s 2.7, 'jX'J and 9.11 percent. The v e r t i c a l l i n e i n the 

center of the graph indicates the CMC. 
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TABLE 5 

BEST ATTAINABLE VALUES OF IBV, DENSITY AND TOTAL 7 DAY SOAKED MOISTURE 
CONTENT AT CMC USING MC-2 CUTBACK ASPHALT 

Process I Process I I 
M.C. During 

Amount Total Mixing Total 
of Moisture Corre­ Moisture 

S o i l Asphalt, IBV Density Content, sponds IBV Density Content, 
No. i l"b pcf <f> to I t pcf 

20-2 6 71 105 16.8 15.0 65 102 17.5 
O.M.C. 3h 100 18.9 
P.L. k2 99 21.2 
L.L. 56 loh 19.0 

10 98 lit.8 O.M.C. 36 93 19.1+ 98 
L.L. k2 96 16.9 

100-8 6 78 107 15-3 11.3 52 105 17.6 78 107 
P.L. 75 106 16.5 
L.L. 69 lOk 16.0 

6 17 10i+ 18.3 O.M.C. 15 105 21.3 
L.L. 12 103 19.7 

S-6-2 3 10 106 7.0 15 101 13.0 

TABLE 6 
BEST ATTAINABLE VALUES OF IBV, DENSITY MJD TOTAL 7 DAY SOAKED MOISTURE 

CONTENT AT CMC USING MC-k CUTBACK ASPHALT 

S o i l 
No. 

Amount 
of 

Asphalt, 
5̂  

Process 1 I Process I I 

S o i l 
No. 

Amount 
of 

Asphalt, 
5̂  

IBV 
lb 

Density 
pcf 

Total 
Moisture 
Content, 

M.C. During 
Mixing 

Corre­
sponds 

^ to 
IBV Density 
lb pcf 

Total 
Moisture 
Content, 

1' 

20-2 6 51 105 15.9 O.M.C. 36 100 19.2 
L.L. 50 101 20.1 

10 ^3 96 11.5 O.M.C. 32 93 19.8 
L.L. 32 97 19.5 

hll 10 12 90 22.3 L.L. 11 2I+.5 
S-6-2 3 17 105 17.0 10.0 21̂  98 10.0 

6 19 105 111.6 10.0 10 99 9.2 

the application and use of cutback asphalt s o i l s t a b i l i z a t i o n to medium 
to non-plastic s o i l s . 

Distribution of Asphalt 
The water i n soil-cutback asphalt mixtures not only aids i n attaining 

maximum densities but also aids i n obtaining even d i s t r i b u t i o n of asphalt 
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throiighout the s o i l mass. A study of t h i s was made by mixing batches of 
s o i l with a constant percentage of asphalt and varying amounts of water 
from one percent to percentages s l i g h t l y above the l i q u i d l i m i t of the 
s o i l . Specimens were prepared by compaction and curing. Curing was done 

to remove moisture so that the areas 
containing cutback asphalt showed a 
high contrast to the areas contain­
ing l i t t l e or no cutback asphalt. 
Photographs of specimens from each 
batch were made and are shown i n 
Figures 11 to l6. The percentages 
indicated below each photograph rep­
resent the moisture content that l i e s 
the closest (of those shown) to the 
compromise moisture content as de­
termined from the experimental data. 

Figures 11 to 15, which are 
photographs of compacted cutback as­
phalt treated loess and g l a c i a l t i l l , 
show that the asphalt tends to be 
l o c a l l y concentrated and poorly d i s ­
tributed at low mixing moisture con­
tents, as indicated by the dark areas 
which contain the highest cutback as­
phalt concentrations. The d i s t r i b u ­
t i o n of cutback asphalt improves as 
the amount of mixing water i s I n ­
creased, and the most uniform d i s ­
t r i b u t i o n appears to be somewhere 
i n the neighborhood of the l i q u i d 
l i m i t of the s o i l . No difference 
i n d i s t r i b u t i o n pattern was noticed 
between MC-2 and KC-k treatment of 
these s o i l s . 

Loess. The photographs show 
that the compromise moisture content 
(CMC) for the two loess (20-2 and 
100-8) s o i l s occurs at about the 
mixing moisture content where the 
asphalt appears to be streaked or 
smeared i n the s o i l rather than un­
iformly distributed. The CMC also 
l i e s w e l l below the p l a s t i c l i m i t 
of the s o i l . Mixing moisture con­
tents above the CMC produce much 
more uniform d i s t r i b u t i o n of asphalt 
but evidently the asphalt films r e­
sulting from mixing i n t h i s moisture 
range do not produce optimum cohesion 
and lower permeability. The loess 
s o i l s mixed e a s i l y with asphalt at 
a l l moisture contents. 

G l a c i a l T i l l . The photographs 

C M C , % 

Process H 

Figure 10. Graph comparing compac­
ti o n moistiire content for maximum 
standard Proctor density and com­
paction moisture content for max­
imum IBV with the compromise mois­
ture content. Exact correlation of 
the experimental data would f a l l on 
the indicated k^-deg l i n e . This 
r e l a t i o n holds true for the s i l t y 
and clayey s o i l s used i n t h i s i n ­

vestigation. 
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1% 3 % 

4.1 

4 W 

7 % 

13 % 17 % 

1 9 % 2 3 % (P .L . ) 3 2 % ( L . L . ) 

2 0 - 2 ( loess) 6 % , MC-2 
Figiire 11. Photographs of Process I compacted specimens of 20-2 ( l o e s s ) 
treated with 6 percent MC-2 and various percentages of mixing water. The 
percentage of mixing water i s indicated 'below each photograph. The im-
derlined percentage indicates the moisture content that i s closest to the 
CMC of the mixtiore shown. Photographs of specimens mixed at the p l a s t i c 
l i m i t and the l i q u i d l i m i t of the s o i l are indicated by the I n i t i a l s P.L. 
and L.L. following the appropriate moisture percentages. The residual, 

asphalt cement content i s h.93 percent. 
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I % 3 % , 5 % 

7 % 9 % 

1 3 % 

2 3 % ( P . L . ) 3 2 % ( L . L . ) 

2 0 - 2 ( loess) 6 7 o , M C - 4 
Fig\are 12. Photographs of Process I compacted specimens of 20-2 (loess) 
treated with 6 percent MC-4 and various percentages of mixing water. The 
percentage of mixing water i s indicated below each photograph. The un­
derlined percentage indicates the moist\ire content that i s closest to the 
CMC of the mixture shown. Photographs of specimens mixed at the p l a s t i c 
l i m i t and the l i q u i d l i m i t of the s o i l are indicated by the i n i t i a l s P.L. 
and L.L. following the appropriate moisture percentages. The r e s i d i i a l 

asphalt cement content i s ^.h'J percent. 
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5 % 

9 % 

17% 

2 0 % ( P L . ) 2 7 % ( L . L . ) 31 % 

100-8 ( l o e s s ) 6 7o M C - 2 

Figiore 13. Photographs of Process I compacted specimens of 100-8 (loess) 
treated with 6 percent MC-2 and various percentages of mixing water. The 
percentage of mixing water i s Indicated below each photograph. The un­
derlined percentage indicates the moisture content that i s closest to the 
CMC of the mixture shown. Photographs of specimens mixed at the p l a s t i c 
l i m i t and the l i q u i d l i m i t of the s o i l are indicated by the i n i t i a l s P.L. 
and L.L. following the appropriate moisture percentages. The r e s i d u a l 

asphalt cement content i s ^.93 percent. 
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Figure ik. Photographs of Process I compacted specimens of kll ( g l a c i a l 
t i l l ) treated with 6 percent MC-2 and various percentages of mixing wa­
t e r . The percentage of mixing water i s indicated below each photograph. 
The underlined percentage indicates the moisture content that i s closest 
to the CMC of the mixture shown. Photographs of specimens mixed at the 
p l a s t i c l i m i t and the l i q u i d l i m i t of the s o i l are Indicated by the i n ­
i t i a l s P.L. and L.L. following the appropriate moistiire percentages. The 

residual asphalt cement content i s k.93 percent. 
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Figure 15. Photographs of Process I compacted specimens of 1|11 ( g l a c i a l 
t i l l ) treated with 6 percent MC-1+ and various percentages of mixing wa­
t e r . The percentage of mixing water i s Indicated below each photograph. 
The underlined percentage Indicates the moisture content that i s closest 
to the CMC of the mixture shown. Photographs of specimens mixed at the 
p l a s t i c l i m i t and the l i q u i d l i m i t of the s o i l are indicated by the i n ­
i t i a l s P.L. and L.L. following the appropriate moisture percentages. The 

residual asphalt cement content i s 5'^7-



k2 

0 . 5 % 5 7 o 

7 % 9 % 

S - 6 - 2 (sand) 3 % MC -2 

0 . 5 7o 

7 % 9 %, 

S - 6 - 2 (sand) 3 % MC-4 
Figure l6. Photographs of Process I compacted specimens of S-6-2 (sand) 
treated with 3 percent MC-2 and KC-k and various percentages of mixing 
water. The percentage of mixing water i s indicated below each photo­
graph. The underlined percentage indicates the moisture content that i s 
closest to the CMC of the mlxtiire shown. The residual asphalt cement 
content i s 2.̂ 4-7 percent for MC-2 mixes and 2.7i<- percent for MC-it- mixes. 
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of the g l a c i a l t i l l show t h a t the asphalt i s g e n e r a l l y more p o o r l y d i s t r i ­
buted than i n the l o e s s , "but the asphalt also has a smeared appearance near 
the CMC, though the smeared c o n d i t i o n i s not as c l e a r l y i n d i c a t e d as i n 
the loess samples. The g l a c i a l t i l l was very d i f f i c u l t t o mix w i t h as­
p h a l t when the mixing moisture was i n a range of 2 t o 8 percent ahove the 
p l a s t i c l i m i t of the s o i l . Resistance t o mixing was s u f f i c i e n t t o hreaic 
the paddle of the mixing machine, and machine mixing was only c a r r i e d on 
f o r about -g- min; no supplemental hand mixing was used. The mixing l i m i t a ­
t i o n s imposed by the h i g h l y p l a s t i c . c h a r a c t e r o f t h i s s o i l are, no doubt, 
p a r t i a l l y responsible f o r the poor d i s t r i b u t i o n o f asphalt. Extensive 
planes o f asphalt r e s u l t e d i n many mixes when the system was i n a mois­
t u r e produced p l a s t i c s t a t e . Specimens prepared from mixtures w i t h mois-
tiare contents above the p l a s t i c l i m i t showed a decided tendency t o develop 
shrinkage cracks d u r i n g d r y i n g ; the amount and size o f the cracks increased 
w i t h the mixing moisture content as shown i n Figures ik and 15. 

Sand. Figure l6 shows t h a t a d i f f e r e n t water r e l a t i o n s h i p e x i s t s i n 
the sand (S-6-2) specimens t r e a t e d w i t h MC-2 and RC-k. The t o p s i x photo­
graphs are of sand t r e a t e d w i t h MC-2 and the bottom s i x are of sand t r e a t e d 
w i t h UC-k. The MC-2 t r e a t e d specimens have an estimated CMC of 1 percent 
whereas the UC-k t r e a t e d specimens have a CMC o f 11 percent. Close exam­
i n a t i o n o f these photographs shows decreased c o a t i n g o f sand gr a i n s as t h e 
mixing water content increased above 1 percent. With MC-I)- cutback asphalt 
b e t t e r d i s t r i b u t i o n was obtained as the mixing water content increased up 
t o 11 percent. E v i d e n t l y water i s b e n e f i c i a l t o asphalt d i s t r i b u t i o n w i t h 
MC-4 treatment; w i t h MC-2 v e r y l i t t l e water i s needed because MC-2 i s not 
as viscous as MC-k. 

F a i l u r e t o coat some grai n s was also noted i n the loess and g l a c i a l 
t i l l specimens t h a t were molded from batches mixed w i t h higher water con­
t e n t s . The number of vmcoated gr a i n s was s m a l l , because the f a i l u r e t o 
coat occurred mainly on the sand gr a i n s which are only a f r a c t i o n o f the 
t o t a l s o i l used. 

DISCUSSION 
The data i n the f o r e g o i n g s e c t i o n i n d i c a t e t h a t cutback asphalt s t a ­

b i l i z a t i o n o f the sandy, s i l t y and clayey s o i l s i n v e s t i g a t e d i s best ac­
complished by a process (Process l ) i n which the s o i l , cutback asphalt and 
water are mixed f o r a s p e c i f i c p e r i o d o f time immediately f o l l o w i n g which 
the mixture i s compacted. The moisture content a t which the s i l t y and 
clayey s o i l s are best s t a b i l i z e d w i t h e i t h e r MC-2 or UC-k asphalt corres­
ponds c l o s e l y t o the o p t i m m moistvire content f o r maximum standard Proctor 
d e n s i t y o f the s o i l - a s p h a l t m i x t u r e . The sandy s o i l r e q u i r e d l i t t l e o r no 
moisture when s t a b i l i z e d w i t h MC-2 asphalt b u t r e q u i r e d enough water f o r 
maximum standard Proctor d e n s i t y when s t a b i l i z e d w i t h UC-k. 

The process (Process I I ) o f mixing the m a t e r i a l s a t h i g h moisture con­
t e n t s w i t h a d r y i n g back p e r i o d between mixing and compaction produced 
specimens i n f e r i o r t o those produced by Process I , w i t h the q u a n t i t i e s o f 
cutback asphalt used. The h i g h mixing moisture contents r e s u l t e d I n a 
cutback asphalt d i s t r i b u t i o n approaching t h a t o f an i n t i m a t e mix. The 
d r y i n g back periods were necessary t o reduce the moisture content o f the 
m i x t i i r e t o t h a t needed f o r maximum compacted d e n s i t i e s . Even though Pro­
cess I I produces b e t t e r d i s t r i b u t i o n of cutback asphalt than Process I , 
and both produce comparable compacted d e n s i t i e s . Process I produces a com­
pacted mixture t h a t i s more s t a b l e than t h a t r e s x i l l i i n g from Process I I . 



This i n d i c a t e s t h a t t he most thorovigh cutback asphalt d i s t r i b u t i o n o f the 
percentages used does not insure the highest s t a b i l i t y i n s i l t y and clayey 
s o i l s . V i s u a l evidence i n d i c a t e s t h a t f o r sandy s o i l s the moisture con­
t e n t f o r maximum d e n s i t y and the moisture content f o r maximum cutback as­
p h a l t d i s t r i b u t i o n are c o i n c i d e n t . 

The photographic study of the e f f e c t o f moisture content on the d i s ­
t r i b u t i o n o f asphalt i s not as preci s e as the q u a n t i t a t i v e moisture-prop­
e r t y s t u d i e s , because the photograph showing best d i s t r i b u t i o n o f cutback 
asphalt must be estimated. However, the general range o f moisture con­
t e n t i n which the best d i s t r i b u t i o n o f cutback asphalt occurs i s q u i t e ob­
vious . 

The f i n d i n g s o f t h i s i n v e s t i g a t i o n are g e n e r a l l y i n agreement w i t h 
Benson's and Becker's (6) conclusions t h a t the maximum s t a b i l i t y o f c u t ­
back asphalt s t a b i l i z e d s o i l i s reached a t some d e f i n i t e degree o f c u t ­
back asphalt d i s t r i b u t i o n l e s s than an i n t i m a t e mix. The s t r u c t u r e of 
the s o i l - c u t b a c k asphalt system a t the p o i n t o f maximum s t a b i l i t y i s be­
l i e v e d t o c o n s i s t of small i r r e g u l a r s o i l aggregates w i t h i n which t h e r e 
i s no e f f e c t i v e w a t e r p r o o f i n g or cementing bituminous m a t e r i a l . The sior-
faces o f the s o i l aggregates are covered w i t h asphalt f i l m s t h a t vary i n 
thickness and amount of coverage. Compaction o f such a system produces a 
dense mass o f i n d i v i d u a l l y waterproofed s o i l aggregates. 

The basic s t r u c t u r a l system i s thought t o be e s t a b l i s h e d d u r i n g the 
process o f mixing. The cutback asphalt i s f i r s t dispersed throughout the 
s o i l i n small globules as a discontinuous phase, w i t h the s o i l as a con­
tinuous phase. At t h i s p o i n t i n the mixing process paths through the s o i l -
cutback asphalt system may be found which do not pass th r o i i g h any cutback 
asphalt b a r r i e r s . Continued mixing causes an I n v e r s i o n of the phases o f 
the cutback asphalt and the s o i l ; the s o i l tends t o become discontinuous, 
and the cutback asphalt tends t o become continuous. The c o n t i n u i t y of the 
cutback asphalt i s probably never complete because o f the small amount o f 
cutback asphalt t h a t can be used economically. 

Benson and Becker (6) have proposed a phase-mixing t h e o r y based on 
the above observations. The proposal i s i n essence t h a t the maximum pro­
t e c t i o n occurs f o r a s o i l t r e a t e d w i t h a s p h a l t i c m a t e r i a l when t h e t h i c k ­
est f i l m o f a s p h a l t i c m a t e r i a l which can be c l o s e l y and permanently h e l d on 
or adsorbed i n t o t he siirfaces o f s o i l aggregates must c o n t a i n s u f f i c i e n t 
adsorbed moisture t o develop c e r t a i n degrees o f cohesiveness and p l a s t i c i t y . 

The present I n v e s t i g a t i o n I n d i c a t e s t h a t t he s p a t i a l geometry o f the 
Benson and Becker t h e o r y i s c o r r e c t and t h a t moisture must be present t o 
produce cohesiveness and p l a s t i c i t y i n the s o i l aggregates. This i n v e s t i ­
g a t i o n also i n d i c a t e s t h a t moisture must be present f o r the p\jrpose o f a t ­
t a i n i n g near maximum d e n s i t y i n the I n d i v i d u a l s o i l aggregates and as an 
a i d i n the d i s t r i b u t i o n o f cutback a s p h a l t . Maximum d e n s i t y o f the s o i l 
aggregates must occur a t n e a r l y the same moisture content a t which max­
imum d e n s i t y o f the s o i l - c u t b a c k asphalt mass occurs becaiise, f o r the per­
centages o f cutback asphalt used, o v e r - a l l d e n s i t y i s changed very l i t t l e 
due t o d i f f e r e n c e s i n s p e c i f i c g r a v i t y . The d e n s i t y o f the mass i s de­
pendent mainly on the d e n s i t y o f the i n d i v i d u a l s o i l aggregates. 

Any amount o f water g r e a t e r than t h a t r e q u i r e d f o r maximum d e n s i t i e s 
serves o n l y t o a i d I n o b t a i n i n g a degree o f d i s t r i b u t i o n o f cutback as­
p h a l t approaching an i n t i m a t e mix. The excess water must then be evap­
or a t e d i n order t o o b t a i n good d e n s i f l c a t i o n by compaction. E v i d e n t l y , 
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enough mixing t o g i v e h i g h degrees o f asphait d i s t r i b u t i o n r e s u l t s I n 
small s o i l aggregates I n which some o f the s t r e n g t h p r o p e r t i e s axe de­
stroyed. The smaller the aggregates t h e higher the t o t a l siarface area. 
Coverage o f a h i g h siirface area w i t h asphalt r e s u l t s I n asphalt f i l m s 
t h a t are t o o t h i n f o r optimum w a t e r p r o o f i n g and cohesion. 

A s o i l aggregate p a r t i c l e coated w i t h cutback asphalt i s penetrated 
t o some depth by the c o n s t i t u e n t s of the bit\milnous m a t e r i a l . The core 
of such a p a r t i c l e remains i n i t s n a t u r a l u n t r e a t e d s t a t e and r e t a i n s i t s 
i n h e r e n t s t r e n g t h p r o p e r t i e s . The s o i l m a t e r i a l o f the o u t e r l a y e r o f t h e 
p a r t i c l e has l o s t i t s n a t u r a l cohesion, and the f r l c t l o n a l p r o p e r t i e s have 
been reduced due t o the wat e r p r o o f i n g and l u b r i c a t i n g e f f e c t s o f cutback 
asphalt. A t r e a t e d p a r t i c l e may be weaker than an un t r e a t e d p a r t i c l e o f 
equi v a l e n t s l z e j however, the t r e a t e d p a r t i c l e w i l l be the most waterproof. 
The s t r e n g t h data and the photographs I n d i c a t e t h a t as i n d i v i d u a l s o i l ag­
gregate p a r t i c l e s grow smaller and smaller t h e s t r e n g t h o f the mass also 
decreases. This i s thought t o be due t o r e d u c t i o n i n size o f the n a t u r a l 
s o i l cores w i t h a p r o p o r t i o n a l l o s s i n s t r e n g t h , because the depth o f as­
p h a l t p e n e t r a t i o n i n t o a s o i l aggregate w i l l be the same regardless o f the 
size o f the aggregate p a r t i c l e s . A very small p a r t i c l e i s apt t o be t h o r ­
oughly penetrated by cutback asphalt and w i l l then possess only the cohe­
sive s t r e n g t h o f the asphalt. 

The f o l l o w i n g t a b u l a t i o n o f gene r a l i z e d p h y s i c a l p r o p e r t i e s ajid phases 
of the s o i l and the asphalt w i t h i n compacted s o i l - c u t b a c k asphalt m i x t i i r e s 
have been d e r i v e d from t h e data: 

SOIL 

L i t t l e o r No 
Mixing Water 

Intermediate Amoimts 
of Mixing Water 

High Amount of 
Mixing Water 

Large aggregates 
Low s t r e n g t h 
Low d e n s i t y 
No shrinkage 

Medium aggregates 
Maximum s t r e n g t h 
Maximimi d e n s i t y 
L i t t l e shrinkage 

Small aggregates 
Low s t r e n g t h 
Low d e n s i t y 
High shrinkage 

CUTBACK ASHEALT 

L i t t l e or No 
Mixing Water 

Intermediate Amounts 
of Mixing Water 

High Amount of 
Mixing Water 

Globules 
Discontinuous phase 
Low cohesion 
Low wa t e r p r o o f i n g 

Thick f i l m s 
Seml-contlnuous phase 
Medium cohesion 
High w a t e r p r o o f i n g 

Thin f i l m s 
Continuous phase 
High cohesion 
Low wa t e r p r o o f i n g 

This t a b u l a t i o n i n d i c a t e s t h a t the optimimi p r o p e r t i e s of a compacted s o i l -
cutback asphalt m i x t u r e l i e w i t h i n the intermediate range o f mixing mois­
t u r e contents. The d e t e m i n a t i o n of the compromise moisture content (CMC) 
i n d i c a t e s a mixing water content a t which the best combination o f proper­
t i e s r e s u l t s . The degree o f d i s t r i b u t i o n o f cutback asphalt i s a f u n c t i o n 
of the amount o f mixing water, b e t t e r d i s t r i b u t i o n being obtained as the 
amount o f water i s increased w i t h t h i s type of mixing. The CMC also rep-
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resents a mixing moisture content a t which a compramise degree o f asphalt 
d i s t r i b u t i o n occurs. 

Cutback asphalt s t a b i l i z a t i o n o f the s o i l types i n v e s t i g a t e d i s best 
accomplished as a generaJ. r u l e by mixing the moist s o i l and the asphalt 
a t the water content needed f o r maximum standard Proctor d e n s i t y of the 
optimum r e s u l t s , and i t i s e s s e n t i a l t o maximum s t a b i l i t y t h a t compaction 
be c a r r i e d out immediately f o l l o w i n g m i x i n g . 

SUMMARY AMD CONCIUSIONS 
The e f f e c t s o f water content during mi x i n g and d u r i n g compaction of 

s o i l - c u t b a c k asphalt mixtures on the p h y s i c a l p r o p e r t i e s of the compacted 
product have not been c l e a r l y d e f i n e d i n the past. The primary o b j e c t i v e s 
of t h i s i n v e s t i g a t i o n have been t o study and evaluate these e f f e c t s . 

The f o l l o w i n g conclusions concerning cutback asphalt s o i l s t a b i l i z a ­
t i o n are made on the basis of observations and r e s u l t s o f the i n v e s t i g a ­
t i o n . I t i s b e l i e v e d t h a t t h e conclusions should apply i n general t o a l l 
s o i l s of s i m i l a r t e x t v i r a l and m i n e r a l o g i c a l composition. 

1. The degree of cutback asphalt d i s p e r s i o n i n a s o i l ma^s i s a 
f u n c t i o n o f t h e amount o f water present d u r i n g mixing. The r e s u l t i n g mix­
t u r e v a r i e s from poor, when l i t t l e water i s present, t o a quasi-homogenous 
or i n t i m a t e mix when a h i g h percentage o f water i s present. 

2. Compaction o f a s o i l - c u t b a c k asphalt-water system immediately 
f o l l o w i n g mixing produces a more s t a b l e product than a procedure i n which 
a d r y i n g back p e r i o d i s Included between mixing and compaction. 

3. An i n t i m a t e mix does not produce the most d e s i r a b l e s t a b i l i t y 
p r o p e r t i e s o f the compacted m i x t u r e . 

k. The percentage o f mixing water r e q u i r e d t o produce maximum IBV, 
maximum standard Proctor d e n s i t y , minimim t o t a l m o istiire content a f t e r 7 
days' Immersion, and minlmimi expansion i n compacted specimens i s d i f f e r e n t 
f o r each p r o p e r t y mentioned. However, the range o f water content over 
which these minimum or maximum p r o p e r t i e s occur i s only s e v e r a l percent. 

5. A compromise moisture content (CMC) f o r mixing may be found a t 
which the variance from the best value of the p r o p e r t i e s mentioned I n Con­
c l u s i o n k- w i l l be a minimum. The CMC i s most advantageously determined 
by the method o f f i r s t powers. 

6. The CMC i s v e r y close t o the mixing moisture content a t which 
maximum standard Proctor d e n s i t y o f t h e s o i l - c u t b a c k asphalt-water system 
occurs. The moisture content corresponding t o maximum standard Proctor 
d e n s i t y o f the s o i l - c u t b a c k asphalt-water mixture provides the most con­
venient and e a s i l y determined moisture c o n t r o l p o i n t f o r cutback asphalt 
s o i l s t a b i l i z a t i o n . 

7. The value o f the CMC or standard Proctor optimum moisture depends 
on the type o f s o i l , the type and amount o f cutback asphalt used. 

8. The " f l u f f - p o i n t " moisture content and the m i x i n g moisture con­
t e n t r e q u i r e d t o produce an optimum combination o f s t a b i l i t y p r o p e r t i e s 
do not correspond. 

9. The best o v e r - a l l s t a b i l i t y r e s u l t s f o r a sandy s o i l and MC-2 
cutback asphalt are obtained when l i t t l e or no mixing moisture i s used; 
however, when t r e a t i n g w i t h MC-lt- cutback asphalt the moisture correspond­
i n g t o the CMC or standard Proctor optimum moisture content should be 
present d u r i n g mixing. 

10. Quasi-homogeneous s o i l - c u t b a c k asphalt systems can be produced 



w i t h s i l t y and clayey s o i l s i f the amount of mixing water used i s a t l e a s t 
e q uivalent t o the l i q u i d l i m i t o f the s o i l being mixed. Mixing o f clayey 
s o i l - w a t e r - a s p h a l t systems i s n e a r l y impossible w i t h i n reasonable mechan­
i c a l l i m i t a t i o n s when the moisture content l i e s w i t h i n the p l a s t i c range 
of the s o i l - w a t e r system. 

11. There i s an optimum d u r a t i o n of mixing o f s o i l - c u t b a c k asphalt-
water systems f o r each type o f mixing equipment. 

The f o r e g o i n g conclusions answer the o b j e c t i v e s of the i n v e s t i g a t i o n 
and e x p l a i n the p r e v i o u s l y questionable r o l e of water i n cutback asphalt 
s o i l s t a b i l i z a t i o n . The i n v e s t i g a t i o n should be extended t o include the 
e f f e c t s o f the amount and type o f cutback a s p h a l t , emulsions, and w e t t i n g 
agents on the mixing water requirements o f a l l types o f s o i l s normally en­
countered i n the f i e l d o f s o i l s t a b i l i z a t i o n . F i e l d t r i a l s o f cutback as­
p h a l t s o i l s t a b i l i z a t i o n should be conducted t o adapt the f i n d i n g s of t h i s 
I n v e s t i g a t i o n t o the types of f i e l d equipment now i n use. 
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