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• L I M E - F L Y A S H - A G G R E G A T E compos i t ions i n highway and a i r f i e l d base courses and 
highway shoulders have been i n exis tence f o r p e r i o d s u p t o seven y e a r s . Repor t s have 
been made p r e v i o u s l y on the p r o p e r t i e s , c o n s t r u c t i o n , and p e r f o r m a n c e of these c o m ­
p o s i t i o n s . I t i s the purpose of t h i s paper to p resen t add i t iona l i n f o r m a t i o n concern ing 
these m a t e r i a l s w i t h p a r t i c u l a r r e g a r d to t h e i r s t r u c t u r a l p r o p e r t i e s o r t h e i r load 
t r a n s m i s s i o n c h a r a c t e r i s t i c s , as measured by t r i a x i a l and C B R t e s t s . The paper c o n ­
ta ins a d i scuss ion of the use of the C B R method f o r des igning l i m e - f l y a s h - a g g r e g a t e 
base courses f o r h ighways and a i r f i e l d s . A f u r t h e r evaluat ion of ex i s t i ng i n s t a l l a t i ons 
i s p re sen ted . A l s o inc luded i s a c o m p a r i s o n between l i m e - f l y a s h - a g g r e g a t e compo­
s i t i o n s and l i m e - s o i l m i x t u r e s . 

P r e v i o u s w o r k (1.) has shown that the magnitude of the p r e s su re t r a n s m i t t e d th rough 
a base course i s dependent on the m a t e r i a l s used i n the base cou r se . S m a l l e r p r e s ­
su res o c c u r r e d beneath good base and subbase m a t e r i a l s than o c c u r r e d beneath poor 
m a t e r i a l s . I t was f u r t h e r i l l u s t r a t e d tha t the r e l a t i v e e f fec t iveness of the m a t e r i a l s 
cou ld be p r e d i c t e d by means of the t r i a x i a l t e s t . I t i s l o g i c a l to assume that t h i s same 
qua l i t a t i ve r e l a t i onsh ip cou ld be de t e rmined by other tests such as the C B R and s t a b i l -
o m e t e r . P r e v i o u s w o r k (2 ) has a lso shown tha t the c u r i n g cond i t ions , p a r t i c u l a r l y 
those i nvo lved w i t h w e t t i n g and d r y i n g , have a subs tan t ia l e f f e c t on the p r o p e r t i e s of 
the c o m p o s i t i o n s . Cons idera t ions have been g iven to the use of v a r i o u s methods of 
m e a s u r i n g the d u r a b i l i t y of l i m e - f l y a s h - a g g r e g a t e m i x t u r e s when subjected to f r e e z i n g 
and thawing tes t s at e a r l y ages. 

A b road ana lys i s of the use of l i m e - f l y a s h and aggregate m i x t u r e s has ind ica ted tha t 
i n many instances the compos i t ions possess c h a r a c t e r i s t i c s d i f f e r i n g subs tan t ia l ly f r o m 
the p roduc t s tha t a re f o r m e d i n t y p i c a l s o i l s t ab i l i z a t i on opera t ions . In o r d e r to e v a l ­
uate the engineer ing f ea tu re s of l i m e - f l y a s h and aggregate m i x t u r e s , a p r o g r a m has 
been es tab l i shed w h i c h i s concerned w i t h both the development of adequate t es t p r o ­
cedures and the u t i l i z a t i o n of the data f o r design purposes . T h i s p r o g r a m inc ludes 
s tudies i n v o l v i n g the e f f e c t of ag ing of the compos i t ions under v a r i o u s condi t ions of 
w e t t i n g and d r y i n g , h i g h o r low h u m i d i t y , and a study of the r e s i s t ance of the c o m p o s i ­
t i ons to f r e e z i n g and thawing also under v a r y i n g c u r i n g cond i t ions . F u r t h e r m o r e , an 
e f f o r t i s being made to evaluate the p r o p o r t i o n s and p r o p e r t i e s o f the aggregates and 
aggregate m i x t u r e s w h i c h a r e e f f e c t i v e i n p roduc ing compos i t ions of the d e s i r e d 
p r o p e r t i e s . 

The w o r k w h i c h i s presented i n t h i s r e p o r t c o v e r s on ly the i n i t i a l phase of the i n ­
ves t i ga t i on and desc r ibes tes t s w h i c h have been made on specimens tha t have been 
t e s t ed a t e a r l y ages. I t inc ludes on ly the w o r k done w i t h m i x t u r e s of l i m e and l i m e -
f l y a s h w i t h n a t u r a l so i l s and does not include data on the m o d i f i c a t i o n of the n a t u r a l a g ­
gregate w i t h supplementary aggregate m a t e r i a l to i m p r o v e g rada t ion . A paper w i l l be 
p resen ted l a t e r d e s c r i b i n g some of these other s tudies wh ich a re c u r r e n t l y underway . 

The i n i t i a l l a b o r a t o r y w o r k r e p o r t e d i s cons idered to be u s e f u l f o r es tab l i sh ing the 
r e l a t i v e e f fec t iveness of base courses of l i m e - f l y a s h - a g g r e g a t e compos i t ions ove r those 
of n a t u r a l s o i l f o r r educ ing the amount of p r e s s u r e t r a n s m i t t e d to the subgrade. The 
data p resen ted g ive compara t i ve r e s u l t s of t r i a x i a l and C B R tes t s p e r f o r m e d on the 
compos i t i ons . I t i s to be emphasized that the evaluat ion of the l i m e - f l y a s h - a g g r e g a t e 
base m a t e r i a l has been c a r r i e d out b e f o r e any pozzolanic r e a c t i o n had taken p lace . 
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T E S T I N G PROCEDURE 

T r i a x i a l Tes t 

The t r i a x i a l t es t s w e r e p e r f o r m e d on an A - 4 s i l t and on a m i x t u r e of l i m e and f l y a s h 
w i t h the A - 4 s o i l as an aggregate . The s o i l i s a type found i n widespread areas i n the 
Commonwea l th of Pennsy lvan ia . I t i s c h a r a c t e r i z e d by i t s r e l a t i v e f ineness (64 p e r ­
cent t h rough the N o . 200 s ieve , i n t h i s case) and i t s modera te to low p l a s t i c i t y . The 
compos i t i on was a m i x t u r e of 90 p a r t s of the A - 4 s o i l , 10 p a r t s of f l y ash, and 5 p a r t s 
of hydra ted l i m e , by w e i g h t . 

Three s e r i e s of tes ts w e r e p e r f o r m e d . Each se r i e s d i f f e r s f r o m the o the r s only i n 
the length of t i m e a l lowed f o r s a tu ra t i on . The f i r s t s e r i e s of t es t s was p e r f o r m e d 
a f t e r the samples w e r e comple te ly sa tura ted . The t i m e r e q u i r e d f o r 100 pe rcen t sa t ­
u r a t i o n was r a t h e r long ( f r o m 5 to 7 d a y s ) , and the r e s u l t s w i t h these tes t c y l i n d e r s 
ind ica ted tha t some cement ing ac t ion had taken p lace d u r i n g t h i s p e r i o d . Since i t w a s 
de s i r ed to evaluate the m i x t u r e s be fo re any appreciable pozzolanic r eac t ion had o c ­
c u r r e d , two o ther s e r i e s of tes ts w e r e then r u n ; one a f t e r one day of s a tu ra t ion and 
one a f t e r t w o days of s a tu ra t i on . 

A l l t e s t c y l i n d e r s w e r e 1.4 i n . i n d i ame te r and 2 .8 i n . h i g h . They w e r e c a r e f u l l y 
molded at o p t i m u m m o i s t u r e by s ta t ic compac t ion i n a s p l i t m o l d . The s ta t ic load was 
he ld on each sample u n t i l i t was f e l t that a u n i f o r m densi ty was obta ined. Two d i f ­
f e r e n t dens i t i es w e r e used f o r the c y l i n d e r s tha t w e r e 100 pe rcen t sa tura ted . Some of 
the c y l i n d e r s w e r e at s tandard AASHO densi ty and some w e r e at a densi ty d e t e r m i n e d 
by a compac t ion tes t i n w h i c h the 10 l b . r a m m e r was subst i tu ted f o r the 5.5 l b . r a m m e r . 
A l l the c y l i n d e r s f o r the one and two day tes ts w e r e made us ing the g rea te r dens i ty . 
The samples w e r e not c u r e d except d u r i n g the sa tu ra t ion p e r i o d . 

The t r i a x i a l tes ts w e r e r u n to f a i l u r e at l a t e r a l p r e s su re s of 2 . 5 , 5 . 0 , and 7 .5 p s i . 
The ra t e of loading was .015 i n . p e r m i n . 

C a l i f o r n i a B e a r i n g Ra t io 

Compara t ive CBR tes t s were p e r f o r m e d on f o u r d i f f e r e n t so i l s ; on the l i m e - f l y a s h -
aggregate m i x t u r e s us ing the f o u r s o i l s as aggregates and on l i m e - s o i l m i x t u r e s . Of 
the f o u r so i l s used, two w e r e A - 4 and two w e r e A - 2 - 4 . I n each case, the compos i t i on 
consis ted of 90 p a r t s of s o i l , 10 p a r t s of f l y a s h , and 5 p a r t s of hydra ted l i m e , by 
we igh t . Th ree percen t l i m e , by we igh t , was added to the s o i l i n the l i m e - s o i l m i x t u r e s . 

The pene t ra t ion tes ts w e r e p e r f o r m e d on samples that w e r e compacted to 100 p e r c e n t 
of C B R dens i ty , soaked f o r f o u r days , and d ra ined f o r 30 m i n p r i o r to t e s t i n g . The 
loading r a t e was .05 i n . p e r m i n u t e . 

The p r o p e r t i e s of the so i l s used i n both the t r i a x i a l and CBR tes ts a re shown i n 
Tab le 1 . 

T E S T RESULTS 

T r i a x i a l Tes t s 

A n examina t ion of F i g u r e 1 shows tha t the v e r t i c a l p r e s su re s at f a i l u r e a f t e r one and 
two days of sa tu ra t ion , of the l i m e - f l y a s h - a g g r e g a t e compos i t ions w e r e of a magnitude 
g rea t e r than those of the r a w s o i l c y l i n d e r s at the same l a t e r a l p r e s s u r e s . The a d d i ­
t ions of l i m e and f l y a s h to the A - 4 s o i l changed the shear ing p r o p e r t i e s . F a i l u r e of the 
n a t u r a l s o i l was evidenced by a u n i f o r m bulg ing of the c y l i n d e r s w h i l e f a i l u r e of the 
compos i t ions was evidenced by a shear ing f a i l u r e along a s ingle p lane . The i n c o n s i s t ­
encies w h i c h a re apparent i n the v e r t i c a l p r e s s u r e s at f a i l u r e shown i n F i g u r e 1 f o r 
v a r y i n g l a t e r a l p r e s s u r e s on supposedly i den t i ca l tes t c y l i n d e r s a re be l i eved to be due 
to the d i f f i c u l t y of r ep roduc ing exact m o i s t u r e condi t ions s h o r t of 100 pe rcen t s a t u r a ­
t i o n . Regardless of these incons i s tenc ies , the r e l a t i onsh ip between l i m e - f l y a s h m i x ­
t u r e s and the n a t u r a l s o i l c y l i n d e r s i s c l e a r l y shown. 

F igu re 2 shows the s t r e s s - s t r a i n cu rves that w e r e d e r i v e d f r o m t r i a x i a l t e s t s p e r ­
f o r m e d on 100 percen t sa tura ted c y l i n d e r s . The t e s t c y l i n d e r s w e r e molded and c u r e d 
under d i f f e r e n t condi t ions and tes ted at va r i ous l a t e r a l p r e s s u r e s , as shown i n Tab le 
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T A B L E 1 

PROPERTIES O F SOILS USED I N I N V E S T I G A T I O N 

T r i a x i a l 
Tes t C a l i f o r n i a Bea r ing Ra t io Tes t 

So i l Number C T - 2 C B - 7 C B - 8 C B - 9 C B - 1 0 

Mechan i ca l A n a l y s i s 
Percen t Pass ing: 

% i n . 100.0 100.0 100.0 100.0 -
N o . 4 99 .0 99 .5 100.0 98 .7 86.3 

N o . 10 96 .8 9 9 . 4 100.0 95 .4 8 0 . 1 

N o . 20 91 .9 97 .0 99 .5 85 .9 6 7 . 0 

N o . 40 86 .8 91 .0 92 .9 75 .0 54.5 

N o . 60 82.3 86 .9 76 .2 68 .7 47 .7 

N o . 140 7 0 . 1 78 .9 15.7 57 .0 33 .6 

N o . 200 6 3 . 7 73 .6 12.9 51.9 26.8 

L i q u i d L i m i t 34 - - 34 28 
P l a s t i c i t y Index 5 N P N P 8 4 

Standard AASHO Densi ty 112.0 104.3 - - -
O p t i m u m M o i s t u r e 17.8 17.8 - - -
C B R Dens i ty - - 123.2 113.0 132 .1 

O p t i m u m M o i s t u r e - - 11.6 16.0 11.0 

B P R C l a s s i f i c a t i o n A - 4 A - 4 A - 2 - 4 A - 4 A - 2 - 4 

T A B L E 2 

M O L D I N G A N D T E S T I N G CONDITIONS FOR T E S T C Y L I N D E R S O F FIGURE 2 

Curve Compos i t i on 
Des igna t ion of 

C y l i n d e r 
Dens i ty C u r i n g 

L a t e r a l 
P r e s su re - p s i 

A N a t u r a l s o i l Standard None 2 .5 

D N a t u r a l s o i l M o d i f i e d None 2 .5 

E N a t u r a l s o i l M o d i f i e d None 5.0 

F N a t u r a l s o i l M o d i f i e d None 7 .5 

U L i m e , f l y a s h , s o i l Standard 7 days at 
e levated 
t e m p . 

7 .5 

W L i m e , f l y a s h , s o i l M o d i f i e d 7 days at 
e levated 
t e m p . 

5 .0 

Y L i m e , f l y a s h , s o i l Standard None 5.0 

Z L i m e , f l y a s h , s o i l Standard None 7 .5 
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2. A n approx ima te average f o r the sa t ­
u r a t i o n t i m e f o r the t e s t c y l i n d e r s was 
seven days . The cu rves f a l l in to two d i s ­
t i n c t g roups . The s t r e s s - s t r a i n cu rves 
f o r the l i m e - f l y a s h c y l i n d e r s a r e grouped 
a long the v e r t i c a l ax i s and those f o r the 
n a t u r a l s o i l c y l i n d e r s a r e a long the h o r i ­
zon ta l a x i s . I t i s evident tha t the v e r t i ­
c a l p r e s s u r e s at f a i l u r e a re f a r g r ea t e r 
f o r the l i m e - f l y a s h m i x t u r e s than f o r the 
n a t u r a l s o i l . 

C a l i f o r n i a B e a r i n g Rat io Tes t s 

The C B R values obtained us ing s tand­
a r d tes t p rocedures a r e shown i n F i g u r e 
3 and 4 . Cons iderable i m p r o v e m e n t can 
be noted when addi t ions of l i m e and f l y -
ash o r l i m e only a re made to the n a t u r a l 
s o i l . Since these samples r e m a i n e d c o m ­
p l e t e ly submerged i n w a t e r f r o m the t i m e 
they w e r e molded u n t i l s h o r t l y be fo re the 
pene t ra t ion was p e r f o r m e d , i t i s f e l t tha t 
l i t t l e o r no pozzolanic r e a c t i o n o c c u r r e d . 

D i scuss ion of Tes t Resul t s 

Trluial tMt after 1-day Mtuntloii 

, LlsM, Oy uh CompMltuB 

1 

1 
1 

1 

; 

Hklunl Soil 

SoilKo CT-3 

L u m l PnMun - pal 

Tnaxlal uat aftar 2-day aatarauoo 

•oUHo CT-I 

Figvire 1. Relationship between v e r t i c a l 
and l a t e r a l pressure. The r e s u l t s obtained i n t h i s i n v e s t i g a ­

t i o n again indica te the i m m e d i a t e i m p r o v e ­
ment i n s o i l p r o p e r t i e s brought about by 
addi t ions of hydra ted l i m e and f l y a s h . The compara t ive t r i a x i a l tes ts show that the 
compos i t ions o f l i m e - f l y a s h i f used as a base course w o u l d be m o r e e f f e c t i v e than the 
n a t u r a l s o i l i n d i s t r i b u t i n g the load o v e r the subgrade. T h i s s u p e r i o r i t y shows up as 
soon as one day a f t e r m o l d i n g . The e f fec t iveness of the compos i t i on inc reases w i t h 
t i m e even though adverse m o i s t u r e condi t ions a re encountered. The v e r t i c a l p r e s s u r e s 
at f a i l u r e of the 100 percen t sa tura ted c y l i n d e r s , wh ich w e r e tes ted a p p r o x i m a t e l y 
seven days a f t e r m o l d i n g , ranged f r o m two to f o u r t i m e s as much as the v e r t i c a l p r e s ­
su res f o r one and two day c y l i n d e r s . Some d i f f i c u l t y w a s encountered i n r ep roduc ing 
accura te ly the r e s u l t s i n the t r i a x i a l t e s t . I t i s f e l t tha t , unless f u r t h e r inves t iga t ion 
should produce a technique f o r i m p r o v i n g the r e p r o d u c e a b i l i t y of r e s u l t s , the t r i a x i a l 
method may not be as sui table f o r base course design f o r l i m e - f l y a s h compos i t ions as 
i n the C B R method . 

In t h ree of the f o u r cases tes ted i n the CBR inves t iga t ion the values of 168, 190, and 
151 show that the compos i t i ons w o u l d be su i table f o r use i n a r o a d base I m m e d i a t e l y 
below the w e a r i n g cou r se . The CBR tes t s on the compos i t ions w e r e found t o be r e p r o ­
duc ib le and eas i ly p e r f o r m e d . F i g u r e 5 shows a t y p i c a l s t r e s s - s t r a i n cu rve f o r one 
of the A - 4 so i l s used i n the inves t iga t ion together w i t h the cu rves f o r the l i m e - f l y a s h 
and the l i m e - s o i l m i x t u r e . 

DESIGN M E T H O D FOR L I M E - F L Y A S H - A G X 3 R E G A T E COMPOSITIONS 

I t i s p roposed that the C B R design method f o r f l e x i b l e pavements be used to de t e r ­
m i n e the th ickness of the l i m e - f l y a s h - a g g r e g a t e base r e q u i r e d under g i v e n cond i t ions 
of t r a f f i c v o l u m e , load , and subgrade cond i t ions . L i des igning a f l e x i b l e pavement , i t 
i s u sua l ly de s i r ed to evaluate the components of the c r o s s - s e c t i o n under the mos t a d ­
ve r se condi t ions that o c c u r i n the ac tua l r o a d . W i t h l i m e - f l y a s h t h i s w o u l d invo lve 
sub jec t ing the m a t e r i a l to sa tu ra t ing condi t ions i m m e d i a t e l y a f t e r i t has been p laced i n 
the r o a d . A t the end of f o u r days of soaking, w i t h no i n i t i a l c u r i n g , i t i s f e l t that the 
l i m e - f l y a s h - a g g r e g a t e m i x t u r e w o u l d be i n the m o s t c r i t i c a l p h y s i c a l state tha t i t 
would encounter d u r i n g i t s l i f e i n the pavement . A des ign th ickness based on i t s p r o p -



TABLE 3 
OE8CRIPTION OF FIVE MAJOR LOIE, FLY ASH, AGOREOATE INSTALLATIONS 

LOCATION TYPE DATE TRAFFIC WEARINQ SURFACE BASE SUBBASE SUB-
OF 

CONSTR. 
CONSTR. Type 

VeUcle 
Weight 
Vehicle Density lype 

Thick­
ness 

Compo­
sition 

Aggre­
gate 

Thick 
ness 

Compo-
8lti<Hl 

Aggre­
gate 

Thick­
ness 

QRADE 

Camden 
N.J. 

City Street July 
1954 

97% 
Passenger 
3% 
heavy 
truck 

ADT 
5000 
(1954) 

Bit. Cone. 2" Lime, Fly 
Ash, Ag­
gregate 

A-l-b 6" A-l-b Camden 
N.J. 

City Street July 
1954 

97% 
Passenger 
3% 
heavy 
truck 

22000* 
Single 
axle 

ADT 
5000 
(1954) 

Bit. Cone. Lime, Fly 
Ash, Ag­
gregate 

6" A-l-b 

Wings 
Field, Pa. 

Runway 
Taxlway 
Parking 
area 

Aug. 
1954 Aircraft 

12000# 
Single 
wheel 
load 

52000 
move­
ments per 
year 

Asphalt 
and 
stone 
chips 

Lime, Fly 
Ash, Ag­
gregate 

A-S 
+ 
coarse 
agS-

6" Lime 
StabUized 

A-5 6" A-5 

New 
Castle, 
Del. 

Auto Park­
ing area 

Aug. 
1956 

Passenger 
cars 

Bit. Cone. 2" Lime, Fly 
Ash, Ag­
gregate 

A-4 
+ 

coarse 
agg. 

6" Lime 
Stabilized 

A-4 3" to 
4" 

A-4 

Inter­
national 
Airport 
PhUa., 
Pa. 

Auto Park­
ing Area 

Oot. 
1953 

Passenger 
cars 

1500 
cars 
dally 

Bit. Cone. 2" Lime, Fly 
Ash, Ag­
gregate 

A-l-b 6" Compacted 
Oravel 

A-l-b 

Salem, 
N.J. 

County Road Sept. 
1956 

Passenger 
and 

Trucks 

22,000# 
Single 
axle 

ADT 
1650 
(1957) 

Bit. Coao. 1-5/8" Lime, Fly 
Ash, Ag­
gregate 

A-l-b 8" A-l-b Salem, 
N.J. 

County Road Sept. 
1956 

Passenger 
and 

Trucks 

22,000# 
Single 
axle 

ADT 
1650 
(1957) 

Bit. Coao. 1-5/8" Lime, Fly 
Ash, Ag­
gregate 

A-l-b 8" A-l-b 
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Figure 2. Stress-strain curves for t r i a x i a l test, samples 100 percent saturated. 
S o i l No. CT-2. 

e r t i e s at t h i s c r i t i c a l t i m e should be amply sa fe . The quest ion now a r i s e s as to how the 
cement ing ac t ion , w h i c h o c c u r s i n the m i x t u r e a f f ec t s i t s p e r f o r m a n c e i n a r o a d des ign 
signed as a f l e x i b l e pavement . 

F i r s t , l e t us b r i e f l y r e v i e w the s t r eng th c h a r a c t e r i s t i c s of l i m e - f l y a s h - a g g r e g a t e 
compos i t ions as they a re known at t h i s t i m e . O r d i n a r y compres s ion tes t s on cubes 
and P r o c t o r s ize c y l i n d e r s p r e p a r e d i n the l a b o r a t o r y have shown compres s ive s t rengths 
r ang ing between 200 and 1,900 p s i . Samples r e m o v e d f r o m a highway shoulder t h i s 
pas t s u m m e r , th ree y e a r s a f t e r cons t ruc t ion of the shoulder , gave compres s ive s t rengths 
as h igh as 3 ,360 p s i . when b roken i n an oven d r y cond i t ion . W i t h i n the past two y e a r s , 
f l e x u r a l tes ts have been p e r f o r m e d on l i m e - f l y a s h aggregate beams ( 3 ) . The a ^ r e -
gate used i n the beam was an A - 2 - 4 s i l t y sand. Tes t s w i t h t h i s p a r t i c u l a r aggregate 
have indica ted a r e l a t i v e l y low s t r eng th i n f l e x u r e . The es t ima ted t ens i l e s t reng th at 
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(b) New Jersey Sllty Sand A-2-4 (SoU No. CB-8) 

Figure 3. Comparative results of CBR 
tests . A l l samples vere soaked for four 

days before testing. 

Y///////////^ 

) SUty sand A-2-4 (SoU No. CB-10) 

Figure \. Comparative results of CBR 
tests . A l l samples were soaked for four 

days before testing. 

f a i l u r e was found to be 15 to 20 p s i . The compres s ive s t r eng th of these m i x t u r e s was 
a p p r o x i m a t e l y 500 p s i . A d d i t i o n a l t e s t i ng of the f l e x u r a l s t r eng th of l i m e - f l y a s h - a g ­
gregate compos i t i ons , to c l e a r l y def ine t h i s p r o p e r t y , i s w a r r a n t e d . 

The s ign i f i cance of a compres s ive s t r eng th va lue i n connect ion w i t h a r o a d base 
m a t e r i a l i s ques t ionable . A n increase i n compres s ive s t reng th i n any g iven m a t e r i a l 
does, however , indica te an increase i n cohes ion . St rength i n compres s ion i s a lso an 
i n d i c a t i o n tha t the i n d i v i d u a l p a r t i c l e s wh ich make up the compos i t i on a re cemented t o -
ga the r . The permanence of t h i s bonding i s dependent upon the leaching e f f e c t s caused 
by wea the r ing f o r c e s such as g round w a t e r , f r e e z i n g , e tc . The a b i l i t y of a m a t e r i a l 
to r e s i s t shea r ing s t resses i s inc reased by inc reased cohesion and inc reased b o n d i i ^ 
of i t s p a r t i c l e s . I t w o u l d seem, t h e r e f o r e , that i t s a b i l i t y to d i s t r i b u t e a l oad over a 
cons iderable a rea w o u l d also be i m p r o v e d . C o m p r e s s i v e s t r eng th i s then, at leas t , a 
qua l i t a t i ve index of the load t r a n s m i s s i o n c h a r a c t e r i s t i c s of a base m a t e r i a l . 

I n l i m e - f l y a s h - a g g r e g a t e compos i t ions the i n d i v i d u a l p a r t i c l e s a re m o r e o r less c e ­
mented toge ther , but the compos i t ions at e a r l y ages apparent ly possesses low s t r eng th 
i n f l e x u r e . The l ack of any s i g n i f i c a n t s t reng th i n bending w o u l d in su re ac t ion as a 
f l e x i b l e base r a t h e r than a r i g i d one. 

The concept of designing a s t r u c t u r e us ing a m a t e r i a l w h i c h w i l l be many t i m e s 
s t ronge r as i t s age increases i s a r a r e and i n many ways c o m f o r t i n g s i t u a t i o n . The 
u n c e r t a i n t i e s i nvo lved i n the s t r u c t u r a l design of a h ighway are w e l l k n o w n . One of the 
leas t p r ed i c t ab l e f a c t o r s i s the amount , t ype , and weigh t of t r a f f i c that a r o a d w i l l be 
r e q u i r e d to c a r r y d u r i n g i t s l i f e t i m e . The a b i l i t y of l i m e - f l y a s h - a g g r e g a t e c o m p o s i ­
t ions to become s t ronger over a long p e r i o d of t i m e tends to compensate f o r the p o s s i ­
b i l i t y of the r o a d having to c a r r y m o r e severe loads then those f o r w h i c h i t was 
designed. 

Two s i m p l e examples w i l l show c l e a r l y the proposed app l i ca t ion of the CBR method 
to the des ign of a f l e x i b l e pavement w i t h a l i m e - f l y a s h - a g g r e g a t e base and /o r subbase. 
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• Soil + .0% Fly Ash M U m e 
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Naluiml 
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F i g u r e 5 . Stress strain curves, CBR tes t . 
S o i l No. CB-9. 

Example 1 . C B R of subgrade = 4 p e r ­
cent; m a x i m u m s ing le -ax le load = 22,000 
l b ; t r a f f i c — h e a v y . 

U s i n g design cu rves of the Aspha l t I n ­
s t i tu te ( "Th ickness Des ign , F l e x i b l e Pave­
ments f o r St ree ts and H i g h w a y s , " The A s ­
pha l t In s t i t u t e , F i g . 2, p p . 14 and 15)the 
t o t a l th ickness of f l e x i b l e pavement w o u l d 
be 15 i n . A l i m e - f l y a s h - a g g r e g a t e c o m ­
p o s i t i o n of the subgrade s o i l w i t h 10 p e r ­
cent f l y a s h and 5 percen t l i m e w o u l d f u r n i s h 
a C B R value of 55 pe rcen t . T h i s w o u l d be 
sui table f o r a subbase. A 7 - i n . l a y e r of 
t h i s m a t e r i a l w o u l d leave 8 i n . f o r base 
and w e a r i n g c o u r s e . A s m a l l percentage 
of screenings o r coarse aggregate added 
to the l i m e - f l y a s h - a g g r e g a t e of the sub-
base w o u l d produce a m i x t u r e acceptable 
f o r the base ( C B R 80 pe rcen t o r b e t t e r ) . 
A 5 % - i n . l i m e - f l y a s h - a g g r e g a t e base and 
2y2- in . course of asphal t ic concre te w o u l d 
comple te the c r o s s - s e c t i o n as shown i n 
F i g u r e 6. 

Example 2 . CBR of subgrade = 3 p e r ­
cent ; m a x i m u m s ing le -ax le load = 8 ,000 
lb ; t r a f f i c - U g h t . 

The des ign cu rves show a th ickness of 6 i n . of f l e x i b l e pavement i s needed. A 4 - i n . 
l a y e r of a l i m e - f l y a s h - a g g r e g a t e compos i t i on w i t h a CBR of 80 pe rcen t o r be t te r and 
a 2 - i n . l a y e r of asphal t ic concre te w i l l p rov ide t h i s t h i ckness . F o r the subgrade m a t e ­
r i a l i n th is"example a sui table compos i t i on migh t cons is t of 60 percen t of the subgrade 
s o i l , 30 percen t g r a v e l o r sand, and 10 percen t f l y a s h w i t h a 5 pe rcen t l i m e a d d i t i v e . 
The c r o s s - s e c t i o n i s shown i n F i g u r e 6. 

Eva lua t ion of E x i s t i n g Ins t a l l a t ions 

Data a r e g iven i n Table 3 on f i v e m a j o r l i m e - f l y a s h - a g g r e g a t e i n s t a l l a t i o n s . These jobs 
w e r e cons t ruc ted between 1953 and 1956. The types of i n s t a l l a t i ons represen ted he re 
a re v a r i e d . T w o are au tomobi le p a r k i n g areas , one an u r b a n s t r ee t , one a r u r a l r o a d , 
and one a runway , t ax iway , and p a r k i n g aprons at a c o m m e r c i a l a i r p o r t f o r l i g h t p lanes . 

One of the m o r e i n t e r e s t i n g p r o j e c t s has been the runway and tax iway at Wings F i e l d , 
Pa . The runway was cons t ruc ted i n August 1954. The subgrade s o i l i s an A - 5 . A 
6 - i n . base was cons t ruc ted on top of a 3 to 4 i n . subbase of l i m e s t ab i l i zed s o i l . A 
1- in . asphal t w e a r i n g su r face was p r o v i d e d . Thus , the t o t a l th ickness of f l e x i b l e 
base that was p r o v i d e d was between 10 and 11 i n . 

The t r a f f i c at Wings F i e l d cons is t s p r i m a r i l y of l i g h t and m e d i u m planes w i t h m a x ­
i m u m s ing le -whee l load of 12,000 l b ( F i g . 7 ) . A n es t ima ted t o t a l at 52,000 plane 
movements a re made pe r y e a r . A takeof f o r landing const i tu tes one plane movemen t . 

A n e s t ima ted value of the CBR f o r the A - 5 subgrade s o i l i s 7 pe r cen t . Us ing t h i s 
value and the C B R des ign c h a r t s developed by the U . S . Corps of Engineers f o r t ax iways 
and runways , the th ickness of f l e x i b l e pavement r e q u i r e d w o u l d be a p p r o x i m a t e l y 13 
i n . f o r a t ax iway and 12 i n . f o r a r u n w a y . 

The ex i s t i ng th ickness of 10 to 11 i n . has been i n use f o r m o r e than th ree y e a r s and 
continues to p e r f o r m s a t i s f a c t o r i l y . A recent v i s u a l inspec t ion of the s i te showed the 
runway to be i n exce l len t condi t ion ( F i g . 7 ) . 

Ano the r l i m e - f l y a s h aggregate base was cons t ruc ted i n the s u m m e r of 1956. T h i s 
was the base f o r a 3y2 - m i sect ion of two lane county r o a d i n Salem C o . , New J e r s e y . 
The average t r a f f i c v o l u m e f o r t h i s highway i n 1957 was 1,650 veh ic l e s p e r day . The 
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Example (1). Heavy Traffic, 22,000 1b. axle load 

2-1/2" asphaltic concrete 

5-1/2" Base 
CBR = 80% or more 

7" Subbase 
CBR = 55% 

60 parts* subgrade soil 
30 parts aggregate 
10 parts fly ash 

5 parts lime 

90 parts subgrade soil 
10 parts fly ash 

5 parts lime 

y^/^ /y/^ ///^ 4% ///^ ^/^ //y4^ 
Subgrade CBR = 4% 

Example (2). Light Traffic, 8,000 1b. axle load 

2" asphaltic concrete 

4" Base 
CBR = 80% or more 

60 parts subgrade soil 
30 parts aggregate 
10 parts f f y asF 

5 parts lime 

Subgrade CBR = 3% 

•Proportions of compositions are by weight. 

Figure 6. Typical cross-sections using lime-flyash-aggregate. 
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(B) 

Figure 7 . ( A ) Runway at Wings F i e l d , Pa.j ( B ) T y p i c a l a i r c r a f t using runway a t 
Wings F i e l d , Pa. 
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t r a f f i c i s m i x e d passenger c a r s , l i g h t t r u c k s , and heavy t r u c k s and w o u l d be c l a s s i f i e d 
as "heavy" . The recommended m i n i m u m th ickness of f l e x i b l e base and w e a r i n g course 
i s 8 i n . f o r t h i s case acco rd ing to the c r i t e r i a of The Aspha l t I n s t i t u t e . The ac tual 
th ickness used was between 7/4 and 8 i n . and cons is ted of 6 i n . of l i m e f l y a s h and 

1/4 to 2 - i n . of asphal t ic conc re t e . The subgrade s o i l i s an A - l - b . A f t e r m o r e than 
one yea r of s e r v i c e , t h i s highway i s i n exce l len t cond i t ion w i t h no evidence of d e t e r i o r ­
a t i o n . 

The other th ree p r o j e c t s a r e also subjected to heavy t r a f f i c v o l u m e s . A c o m p a r i s o n 
of the pavement th icknesses ac tua l ly be ing used w i t h tha t r e q u i r e d by a C B R design 
w o u l d show that the ac tua l w o u l d be s l i g h t l y less than the r e q u i r e d . They continue to 
g ive s a t i s f a c t o r y s e rv i ce a f t e r th ree and f o u r y e a r s . 

COMPARISON O F L I M E - F L Y A S H - A G G R E G A T E COMPOSITIONS W I T H 
L I M E - S O I L M I X T U R E S 

The fundamen ta l d i f f e r e n c e between the p roduc t of l i m e s o i l s t ab i l i z a t i on and l i m e -
f lyash -aggrega te compos i t ions i s i n the cement ing ac t ion o r pozzolanic a c t i v i t y . I t i s 
w e l l known that s t r a i ^ t l i m e addi t ives to many so i l s w i l l enhance t h e i r p r o p e r t i e s wh ich 
a re of impor t ance as f a r as t h e i r s u i t a b i l i t y as cons t ruc t ion m a t e r i a l . The ac t ion of 
the l i m e on the s o i l i s v i r t u a l l y i m m e d i a t e al though some cement ing e f f ec t s can be de ­
veloped l a t e r as a r e s u l t of r e c r y s t a l l i z a t i o n and ca rbona t ion of the hyd ra t ed l i m e . I t 
I s d o u b t f u l tha t any s i g n i f i c a n t pozzolanic r e a c t i o n occu r s between l i m e and n a t u r a l 
s o i l s . The pozzolans w h i c h a re produced i n na ture a re usua l ly of vo lcan ic o r i g i n a l ­
though methods have been evolved to p rocess c e r t a i n select s o i l s , such as shale, by 
ca l c ina t i on and thereby i m p a r t pozzolanic p r o p e r t i e s to the s o i l . I t has been r e p o r t e d 
tha t addi t ions of l i m e to c lay s o i l s have reduced high p l a s t i c indexes to a m o r e r eason­
able v a l u e . The suppor t ing power of the s o i l s , as measured by C B R tes t , has been 
e f f e c t i v e l y i n c r e a s e d . Numerous f i e l d i n s t a l l a t i o n s , wh ich have been i n exis tence f o r 
many y e a r s , have p e r f o r m e d i n a m o r e s a t i s f a c t o r y manner than t h e i r n a t u r a l s o i l 
c o u n t e r p a r t s . I n essence the addi t ion of l i m e to f i n e - g r a i n e d s o i l s , p a r t i c u l a r l y c l a y , 
has t r a n s f o r m e d the p r o p e r t i e s to those m o r e n e a r l y of a c o a r s e - g r a i n e d m a t e r i a l . In 
so doing many separate benef i t s a re r e a l i z e d . The e f f e c t of addi t ions of l i m e i s a 
n e a r l y comple te r e a c t i o n a lmos t i m m e d i a t e l y except i n those s o i l s w h i c h conta in a d d i ­
t i ons of pozzolanic m a t e r i a l s . I n those cases the re i s subs tant ia l evidence of a c o n ­
t inued cement ing p rocess w h i c h o c c u r s over a long p e r i o d of t i m e . The dependence of 
t h i s long range bene f i t on the presence of pozzolanic m a t e r i a l s w i t h the l i m e i s one of 
the basic reasons f o r adding f l y a s h . The addi t ion of f l y a s h i n su re s the presence of a 
pozzo lan i n the m i x t u r e and thus i n su re s that the m i x t u r e w i l l inc rease i n s t rength ove r 
a long p e r i o d of t i m e . Compres s ive s t rengths of samples r e m o v e d f r o m v a r i o u s i n ­
s t a l l a t ions show increases i n s t reng th ove r p e r i o d s as long as th ree y e a r s . In two of 
the th ree cases analyzed the s t r eng th of the compos i t ions has i nc reased . 

The compara t ive C B R tes t s p e r f o r m e d d u r i n g t h i s i nves t iga t ion show a h igher r a t i o 
f o r the l i m e - f l y a s h m i x t u r e s than the l i m e - s o i l m i x t u r e s i n two cases and j u s t the r e ­
v e r s e f o r one o ther case . I t i s to be poin ted out that the C B R values of the m i x t u r e s 
may be cons iderab ly i m p r o v e d a f t e r an extended p e r i o d of aging under w e t t i n g and d r y ­
i n g cond i t i ons . However , the r e s u l t s a re s i g n i f i c a n t i n tha t they indica te the a b i l i t i e s 
of the m i x t u r e s to develop cons iderab ly i m p r o v e d b e a r i n g c h a r a c t e r i s t i c s over tha t of 
n a t u r a l s o i l . The compos i t i on i n w h i c h A - 4 s i l t i s used r e q u i r e s add i t ion of supple­
m e n t a r y aggregate m a t e r i a l s to develop o p t i m u m bea r ing p o w e r . Exper ience has shown 
tha t whe re t h i s i s done, p a r t i c u l a r l y w i t h l i m e and f l y a s h , f o r m u l a t i o n s a re poss ib le i n 
w h i c h heavy p r o p o r t i o n s of s i l t may be used i n the f i n a l c o m p o s i t i o n s . 

The r e s u l t s of t h i s study c o n f i r m the theory that l i m e , f l y a s h , aggregate c o m p o s i ­
t i ons a re s u p e r i o r base m a t e r i a l s even be fo re any pozzolanic set has o c c u r r e d . I t i s 
f e l t that pavement designs us ing l i m e - f l y a s h aggregate can be made w i t h confidence by 
the C B R method . E x i s t i n g i n s t a l l a t i ons continue to p e r f o r m s a t i s f a c t o r i l y and i n d i ­
ca t ions a re tha t they a re s t i l l ga in ing s t reng th as p r e d i c t e d . 
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