
10 

7. McLeod, Norman W., "A Cana
dian Investigation of Load Testing 
Applied to Pavement Design," Sympo

sium on Load Tests of Bearing Capacity 
of Soils, ASTM Special Technical Pub
lication No. 79, p. 83. 

L A T E R I T E SOILS AND T H E I R S T A B I L I Z A T I O N 

Hans F. Winterkorn and E. C. Chandrasekharan 
Winterkorn Road Research Institute, Princeton, New Jersey 

Synopsis 

Origin, occurrence, and correct identification of latente rock and soil are briefly 
discussed. The peculiar properties of latente soils are outlined and suggested methods 
of dealing with them are indicated. 

Results are reported of experimental studies on four latente soils and one intrazonal 
non-laterite soil, with special attention to their susceptibility to stabilization. The latter 
varied over a wide range Of the stabilizers used, Portland cement gave best results m 
some cases and aniline-furfural (2:1) m others. The presence of organic matter seems 
to play a detrimental role m many cases. 

The possible use of "oiled earth" properly fortified with anti-oxidants and bactericidal 
substances for low-cost roads in latente areas is briefly discussed 

Of the important groups of the trop
ical and subtropical soils of the world, 
the laterite soils occupy a unique place, 
in regard to both their extensive oc
currence and peculiar properties. They 
are widely distributed in such areas as 
India, Indonesia, Indo-China, Malaya, 
Burma, Western Australia, Mada
gascar, Central Africa, the Guianas, 
Brazil, and Cuba (Fig. 1). From a 
world-wide political and economical 
point of view^ study of these soils is of 
vital interest because: (1) they nor
mally possess good tilth and excellent 
drainability, with plenty of solar energy 
and water available; with an adequate 
supply of fertilizers they are capable 
of excellent yields and may well be 
destined to contribute in a major degree 
to the food supply of the world; and (2) 
a great need exists for a suitable net
work of low-cost roads m these areas 
already in their present under-develop
ed condition and even more so if their 
proper agricultural development is to 
proceed. 

'See Point IV of the Truman Program, and 
the British plans for assisting in the eco
nomic development of Southeastern Asia and 
of Africa. 

From a purely scientific point of 
view, the peculiar engineering prop
erties of laterite soils as extreme 
products of soil genesis call for an 
extensive investigation and possible 
elucidation, not only for their own 
sake but also for a better understanding 
of the properties of less extreme soil 
types. The present work is confined 
to the engineering characteristics of 
these soils, especially those of impor
tance in low-cost road construction. 

The development of the science of 
soil stabilization has given a scientific 
footing to an understanding, though as 
yet more or less qualitative, of soil 
behavior in highway and airport struc
tures (31). Most of the available in
formation, however, pertains to soils 
of the temperate zones. That soils of 
the different climatic zones vary ex
tensively in th6ir properties is well-
known. The necessity for a possible 
special approach to the study of the 
tropical and subtropical soils has been 
emphasized by many authors (13, 27, 
32, 33). 

PREVIOUS INVESTIGATIONS 

Ever since the word laterite was 
introduced, f i rs t in geology and later 
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in pedology, there has been a sea of 
controversy over its correct nomen
clature and identification. Laterite 
owes its origin to the Latin word later 
meaning "brick," and was f i rs t dis
cussed in 1807 by Buchanan (3) purely 
on its field-occurrence: "It is one of 
the most valuable materials for build
ing. It is ful l of cavities and pores, and 
contains a large quantity of iron in the 
form of red and yellow ochres. In the 
mass, while excludedfrom the air, i t is 
so soft that any iron instrument cuts 
it , and I S dug up in square masses with 
a pick-ax, and immediately cut mto the 
shape wanted with a trowel or a knife. 
It soon after becomes hard as brick, and 
resists the air and water much better 
than any brick I have known in India. . . 
The most proper name would be Lat
erite from Lateritis. " * 

In 1911, Fermor (9), in a most 
explanatory paper, defines laterite as 
being formed by a process which causes 
the superficial decomposition of the 
parent rock, removal in solution of 
combined silica, lime, magnesia, 
soda and potash, and accumulation of 
hydrated iron, aluminum, titanium, and 
rarely, manganese. The latter were 
termed by him "lateritic constituents. " 
A residual rock with 90 percent or 
more of lateritic constituents is termed 
a true laterite. This true laterite is to 
be distinguished from the lesser groups, 
viz . , lithomargic laterites and lateritic 
lithomarges with 50 to 90 percent and 
25 to 50 percent of lateritic constituents 
respectively. The controversy over the 
identification of bauxite as a variety of 
laterite was answered by Clark (7) in 
1916 to the effect that there is no d i 
viding line between bauxites and later
ites - one shades into the other. Later, 

the term bauxite came to be used only for 
commercial alummum ores. Campbell 
(4) in 1917 called a material laterite 
only if i t contained uncombmed alumina 
in the form of the hydroxide. 

In 1926 Harrassowitz (14) f i rs t 
characterized laterites as red soils 
enriched on the surface with oxides of 
iron and aluminum. According to him 
the European red beds are of fossil 
laterite origin. Marbut's (21) "normal" 
laterites are those formed under the 
influence of good drainage free from the 
action of high ground water. He calls 
ground-water laterites the soils falling 
within Fermor's f i rs t group. Mohr (23) 
believes that the laterite crust is the 
result of eluviation followed by erosion. 
He mentions five stages in the fu l l de
velopment of a typical laterite, viz. , 
fresh ash soil, tarapan (juvenile soil), 
brownish yellow lixivium, red lixivium, 
and laterite. Periodic variation of 
ground-water level (descent and ascent) 
appears to be a most important factor 
in laterite formation. 

LATERITIC SOILS 

One of the important reasons for the 
confusion regarding the correct iden
tification of laterites is the large area 
of the tropical and subtropical zones 
involved and the different degrees of 
laterization encountered in the various 
parts. Martm and Doyne (21) used the 
silica-alumina ratio as a classification 
criterion: 

Soil Type 

Laterite soil 
Lateritic soil 
Non-lateritic soil 

Si02/Al203 

1. 33 or less 
1.33 - 2.00 
2. 00 and over 

'This term used by Buchanan, meaning 
literally "brick disease", throws a peculiar 
light on the problem whether "laterite" 
refers primarily to the use of the material 
in construction or to its bnck-hke appear
ance. In several Indian dialects laterite is 
called "brick-stone" (itica cullu), in the 
Tamil language it is called shun cull or 
"itch-stone" because its surface appearance 
resembles certain cutaneous disorders. The 
Latin-derived English term happens to cover 
both appearance and function. 

The Si02/Al203 rather than the 
Si02/R203 ratio was employed for ana
lytical reasons since iron may some
times be in the form of ferrous oxide. 
This leads to the paradox that formal-
istically the presence of iron is non
essential for a soil to be termed laterite; 
this, of course, is in direct contradic
tion to the original definition of Buchanan 
and overlooks the important role which 
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iron oxides play in the rock named later-
ite by him. Moreover, the presence of 
iron in laterite soils is one of the most 
important factors that influence their 
engineering properties. It certainly is 
more appropriate to employ as class
ification criterion the silica sesquioxide 
ratio: 

Soil Type 

Laterite soil 
Lateritic soil 
Non-lateritic soil 

S1O2/R2O3 

1. 33 or less 
1.33 - 2.00 
2.00 and over 

(4) Non-accumulation of organic matter 
(5) Distinctive red color. 

B̂  Characterization of the residual 
weathering product "laterite". 

(1) A tropical climate subject to alter
nations of dry or wet seasons or 
monsoons. 

(2) A level, or very gently sloping, 
elevated land surface which is not 
subject to appreciable mechanical 
erosion (abrasion by ram and wind) 

(3) The chemical and mineralogicalcom-

a . ^ U r l U and XaUTillc SoiU 

( A F T E R BOL'SHOI S O V E T S K I A T L A S M I R A : J O F F E ) 

Figure 1. Distribution of Laterite and Lateritic Soils in the World. 

It should be useful at this point to 
juxtapose the presently accepted char
acterization of lateritic and laterite 
soils and the conditions stipulated in the 
revised theory of C. S. Fox for the 
tropical residual weathering product 
"laterite" (12, 19). 

A^ Characterization of lateritic and 
laterite soils-

(1) Disintegration and decomposition of 
the parent material in the direction of 
the end products of weathering. 

(2) Release and removal of silica. 
(3) Separation of sesquioxides and fixa

tion in the profile. 

position of the exposed rocks to be 
suitable for a supply of the lateritic 
constituents, alumina and ferric 
oxide. 

(4) The texture of the rock to be (or 
rapidly become during weathering) 
sufficiently porous for the entry of 
percolating water, so that the condi
tions for chemical action wil l be at 
a maximum. 

(5) The infiltrating water to remain in 
the interstices of the rock for long 
periods annually, 1. e. , during the 
wet monsoon, but eventually to drain 
away in the dry period thus givmg 
maximum play to chemical erosion 

(6) The infiltrating water to contain 
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e i the r an a c i d o r a lka l ine substance 
w i t h wh ich to r eac t on the r o c k c o m 
ponents as w e l l as to const i tu te an 
e l e c t r o l y t e and a l low e l e c t r o - k i n e t i c 
phenomena to operate. 

(7) These annual processes to be i n 
opera t ion f o r a t least a geo log ica l 
epoch of rough ly a m i l l i o n yea r s 

T h i s c o m p a r i s o n shows that i t i s 
r e l a t i v e l y easy f o r a r o c k to become 
a l a t e r i t i c o r l a t e r i t e s o i l , but that the 
chances to become a " l a t e r i t e " a re 
severe ly r e s t r i c t e d . 

The genera l acceptance of absence 
of organic m a t t e r due to intense b i o 
logic and inorganic ox ida t ion assumed 
f o r the r e d so i l s of t r o p i c a l areas has 
been quest ioned by some authors who 
t e s t i f y to h igh organic content of some 
of these so i l s . Jo f f e (19) states that 
a r e d s o i l w i t h organic content e i the r 
i s an i m m a t u r e spec imen of l a t e r i t e o r 
f a l l s i n a ca tegory between l a t e r i t e s and 
podsols . T h i s explanat ion, however , 
h a r d l y touches the nucleus of the p r o b 
l e m o r organic m a t t e r i n l a t e r i t e s o i l s . 

PROPERTIES O F L A T E R I T E SOILS 

A s has been exce l l en t ly deal t w i t h 
e lsewhere (13), l a t e r i t e so i l s i n t h e i r 
n a t u r a l state a re g r anu l a r in s t r u c t u r e 
and a re possessed of l ow p l a s t i c i t y and 
exce l len t d r a i n a b i l i t y . I n t h i s state 
they can c a r r y heavy loadings. When 
r e m o l d e d i n the presence of wa te r they 
o f t en become c layey and p las t i c to the 
depth d i s t u rbed (34). A n e x t r a o r d i n a r y 
in f luence of the change i n the n a t u r a l 
m o i s t u r e content on the p l a s t i c i t y and 
densi ty c h a r a c t e r i s t i c s of a c e r t a i n 
Hawai ian l a t e r i t i c c lay of vo lcan ic 
o r i g i n has been r e p o r t e d ; depending 
upon the n a t u r a l m o i s t u r e content , the 
p l a s t i c i t y mdex of th i s c l ay v a r i e d f r o m 
245 to ze ro (13). Thus , i t i s easy to 
see that the convent ional subgrade s o i l 
t es t r e su l t s may not at a l l r e v e a l the 
t r u e c h a r a c t e r i s t i c s of m e m b e r s of the 
l a t e r i t e s o i l g roup. 

POSSIBLE METHODS O F A P P R O A C H 

ex te rna l mani fes ta t ions of the g r a n -
u l o m e t r y and the inherent a f f i n i t y of 
the i n d i v i d u a l p a r t i c l e s o r aggregates 
to one another under d i f f e r e n t condi t ions 
of m o i s t u r e and mechanica l s t ress . 
Consequently, the na ture , mechan ica l 
s t r eng th , and the permanency of c e 
menta t ion i n these so i l s must be under 
stood. 

The g ranu la t ing e f f ec t of o rgan ic 
m a t e r i a l i s w e l l known. However , the 
r e s u l t i n g aggregat ions a re usua l ly s o f t 
and f r i a b l e , r a t h e r than mechan ica l ly 
s t rong . I t i s f e l t that the o rgan ic m a t 
t e r i n l a t e r i t e so i l s may be m o r e i m 
por t an t f o r cementa t ion because of i t s 
r educ ing e f f ec t g i v i n g the i r o n g r ea t e r 
m o b i l i t y than f o r i t s spec i f i c cement ing 
o r w a t e r - r e p e l l m g power . Baver (1) 
makes the f o l l o w i n g s tatement c o n c e r n 
ing organic m a t t e r and cementa t ion i n 
l a t e r i t e so i l s : 

"The only group of so i l s i n wh ich a 
c o r r e l a t i o n has not been observed be 
tween organic m a t t e r and aggregat ion i s 
the l a t e r i t i c s o i l s , where dehydrated o x 
ides of a lumina and i r o n a r e r e s p o n s i 
b le f o r stable aggregate f o r m a t i o n . " 

I n connect ion w i t h the p r o b l e m of 
o rgan ic ma t t e r i t i s of i n t e r e s t that the 
p r e v i o u s l y d iscussed Hawai ian c lay 
which exh ib i ted such unique consis tency 
p r o p e r t i e s contained about 20 percen t 
of organic ma t t e r (15). 

The ex i s t i ng s i tua t ion indica tes a 
g rea t need f o r a fundamenta l study of 
the s t r u c t u r e of l a t e r i t e s o i l s w i t h 
spec ia l emphasis on the ac tua l type 
and amount of o rgan ic m a t t e r p resen t 
inc lud ing the r o l e of m i c r o - o r g a n i s m s 
( 1 , 13, 28, 34). A n i n t e g r a l p a r t of 
such a study mus t be concerned w i t h 
s w e l l and shr inkage p r o p e r t i e s , w i t h 
c r a c k i n g pa t t e rns , as r e l a t e d to the 
degree of l a t e r i z a t i o n and to the type 
and amount of o rgan ic m a t t e r , as w e l l 
as w i t h the e f f ec t s of r e m o l d i n g (13, 
27, 28) and of p r e v a i l i n g m o i s t u r e 
condi t ions . 

P R O B L E M S I N 
SUBGRADE C O M P A C T I O N A N D 

G R A N U L A R SOIL S T A B I L I Z A T I O N 

P l a s t i c i t y , densi ty , and s t r u c t u r a l 
c h a r a c t e r i s t i c s of so i l s a r e only the 

The engineer ing s o i l p r o b l e m s en 
countered i n l a t e r i t e areas as r e l a t e d 
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to the nature of the s o i l m a t e r i a l as w e l l 
as to the env i ronmen ta l condi t ions have 
been thoroughly s tudied and ably p r e 
sented by Woo l to r t on (33). He was the 
f i r s t to po in t out the impor t ance of 
s w e l l i n g and s h r i n k i n g f o r t r o p i c a l so i l s 
wh ich by many " tempera te -zone s o i l 
s c i e n t i s t s " were be l ieved to possess 
g rea t v o l u m e constancy. H i s w o r k 
combined w i t h concepts n o r m a l l y e m 
ployed i n P o r t l a n d cement concre te 
design l ed to W i n t e r k o r n ' s w o r k on 
vo lume re l a t ionsh ips i n s o i l s t a b i l i z a 
t i on (27). A p p l i c a t i o n of the v o l u m e 
p r i n c i p l e leads, f o r g r a n u l a r s t a b i l i z a 
t i on of l a t e r i t e s o i l s , to c lay contents 
g r ea t e r than those g iven by the A S T M 
Standard spec i f i ca t ions . Obvious ly , 
the l a t t e r r epresen t a spec i f i c so lu t ion 
of the genera l p r o b l e m ; but being 
spec i f i c they a re appl icable only f o r the 
average i l l i t e c lay so i l s and f o r the 
average c l i m a t i c condi t ions of the 
Uni ted States. 

S p e c i f i c a l l y , W o o l t o r t o n (34) sug
gested: F o r no o v e r - a l l s w e l l i n g of a 
coarse g r anu l a r sys tem: P l a s t i c Index 
X Fines Content > Vo lume of vo ids a-
va i l ab l e between g r a n u l a r aggregates to 
accomodate s w e l l m g , o r a m o d i f i c a t i o n 
thereof when some s w e l l i n g i s p e r m i s 
s ib le . I n place of the p las t i c mdex, 
shr inkage vo lumes may be employed as 
i n d i c a t o r s of s u i t a b i l i t y of the b inder 
p o r t i o n , v i z . , (a) l i q u i d l i m i t - s h r i n k a g e 
l i m i t , where exposure condi t ions p e r m i t 
s l a k m g , o r (b) f i e l d m o i s t u r e equ iva
l en t - sh r inkage l i m i t where e n v i r o n 
men ta l condi t ions do not f a v o r s l ak ing . 

I t i s necessary to caut ion here that 
the f i n e s content as de t e rmined by the 
o r d i n a r y s tandard method of mechan
i c a l ana lys i s f o r so i l s may be g r ea t l y 
m i s l e a d i n g ; w e l l developed l a t e r i t e 
s o i l s w i t h t h e i r g r a n u l a r s t r u c t u r e a re 
not eas i ly d i spe r sed by the c o m m o n 
d i s p e r s i n g agents. Secondly, the c o n 
s is tency l i m i t s may show l a rge v a r i a 
t ions i n p a r t i c u l a r cases, depending 
upon the m o i s t u r e content of the sample 
and the extent to w h i c h i t was r e m o l d e d 
d u r i n g the tests . Special tes ts o r 
m o d i f i c a t i o n s of the s tandard tes ts may 
have to be developed to se rve as ind ices 
f o r the p l a s t i c i t y and s w e l l i n g cha rac t e r -
i s t i c s that f o r m the bas is f o r p r o p e r 
design. 

W i t h respect to compac t ion , both m 
the l a b o r a t o r y and i n the f i e l d , the 
task I S to sea rch f o r and adopt sui table 
m i x i n g and compac t ion methods that 
w o u l d not des t roy the g r a n u l a r s t r u c t u r e 
and yet y i e l d s u f f i c i e n t densi ty . 

I n the f i e l d e x t r a ca re i s needed i f 
heavy mach ine ry i s employed. E x 
per ience has shown that p r i m i t i v e 
manual compac t ion of c e r t a i n l a t e r i t e 
so i l s has y e i l d e d be t te r a i r f i e l d s than 
compac t ion of the same so i l s w i t h 
s tandard heavy-compac t ion mach ine ry 
and p rocedure . 

So f a r cons idera t ion has been g iven 
m a i n l y to the p r o b l e m s encountered i n 
the eng ineermg use of l a t e r i t e s o i l s . 
T h i s m i g h t g ive the i m p r e s s i o n that a l l 
l a t e r i t e s and l a t e r i t e s o i l s g ive t r o u b l e . 
T h i s I S f a r f r o m the t r u t h . The p h y s 
i c a l and c h e m i c a l p r o p e r t i e s of the 
group of m a t e r i a l s encountered range 
f r o m exce l len t to poor f o r engineer ing 
purposes . The p r o b l e m i s one of 
r ecogn iz ing the good, e l i m i n a t i n g the 
poo r , and i m p r o v i n g the i n t e rmed ia t e 
ones. T h i s i s w e l l s ta ted i n a recent 
paper by Chr i s tophe (6) t r e a t i n g spe
c i f i c a l l y w i t h the u t i l i z a t i o n of A f r i c a n 
l a t e r i t e s as road cons t ruc t ion m a t e r i a l s . 

Many of Chr i s tophe ' s s ta tements a re 
so pe r t i nen t f r o m a r o a d b u i l d i n g as 
w e l l as f r o m a s c i e n t i f i c po in t of v i e w 
that they a re g iven i n the f o l l o w i n g as 
abs t rac ted f r o m the o r i g i n a l F rench . 

The term laterite is applied to any rock colored 
red to dark maroon which is either in the harden
ing or m the decomposition stage as a result of 
environmental variations. Laterites range from 
friable soils to hard rock similarly as lime stone 
may range from marl to marble The use of 
laterites must be preceeded by a study of their 
properties. 

The silty parts of the foundation soils must 
be eliminated. In granular soil stabilization 
higher amounts of lateritic clays than of other 
clays are allowed The pH influences the clay 
content as determmed by sedimentation analysis. 
The interpretation of sedimentation curves re
quires great care. The strength of compacted 
laterites may go up to 2,000 kg per sq. cm. 
and higher 

At the Ivory Coast a very excellent laterite 
rock I S found of strength properties comparable 
to those of medium porphyry In equatorial Africa 
and especially at L'Oubangui-Chari pudding stones 
predominate In Togo amorphous laterites a-
bound, in the Haute Volta strong lateritic gravels 
are found. In the Sudan, under the present 
dry climate, hills of laterite rock are eroded 
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to a considerable extent. In laterite soils one 
can always find more or less rock-like aggre
gations. 

The affinity of hard laterite to asphaltic bitu
men I S good, similar to the affinity of bitumen 
to Basalt and lava, but the presence of silt hinders 
the proper contact between the hard laterite and 
bitumen Laterite used in bituminous construc
tion should not contain too much loam or clay 
Design must be based on the results of preced
ing tests Pougnaud, chief engineer of Abidjan, 
has treated laterite by impregnation and subse
quent surface treatment The oldest job is 13 
years old and still in good condition. Treatment 
with cut-backs yeilds good results if it is thor
oughly mixed with the soil Improvement of 
granulometry is recommended to obtam greatest 
strength. This can be done by breaking amorphous 
laterite down to sand size The expense of this 
is compensated by the resulbng smaller bitumen 
requirements, for the base and surface treatment. 

Laterite clays make excellent binders for 
stabilized soil roads. In the case of soils com
posed of pisoliths (lateritic gravel) and fines, 
compaction alone is sufficient, and results in 
bearing values of 60 or more. Hydrocarbon 
binders have good adhesion to laterite rocks 
Excellent bitummous concrete has been made with 
such rock. Amorphous laterites should be com
minuted and well-mixed in order to obtain a 
homogeneous material. Compact laterite rocks 

Jiave sufficient strength to be used as a construc
tion material for highways as broken stone, 
gravel, etc. However, it is indispensable to 
judiciously choose the borough pit. 

The s tatements by Chns tophe o b 
v i o u s l y r e f e r to ac tual " l a t e r i t e " o r 
m a t e r i a l coming v e r y c lose to i t . The 
e}q)er iments de sc r ibed i n the f o l l o w i n g 
deal w i t h the m o r e t roub lesome l a t e r i t e 
- l a t e r i t i c and n o n - l a t e r i t i c so i l s o c -
c u r i n g i n t r o p i c a l reg ions . 

E X P E R I M E N T A L I N V E S T I G A T I O N 

F i v e s o i l s , two l a t e r i t e , two l a t e r 
i t i c and one n o n - l a t e r i t i c , w e r e e m 
ployed i n the e x p e r i m e n t a l i n v e s t i g a 
t i o n (Table 1). The l a t t e r was concerned 
w i t h : (1) p h y s i c a l and p h y s i c o - c h e m i c a l 
tes ts and (2) s t ab i l i z a t i on tes ts w i t h 
e x t e r n a l addi t ives . 

Consis tency l i m i t and t h e r m a l a n a l 
y s i s tes ts w e r e made on a l l m a t e r i a l s . 
The Matanzas s o i l was s tudied m g r e a t 
e r d e t a i l , w i t h respec t to mechanica l 
ana lys i s . P r o c t o r compac t ion , p e r m e 
a b i l i t y , base exchange capaci ty , etc. 
Only a l i m i t e d number of tes ts w e r e 
p e r f o r m e d on the o ther so i l s . 

The s t a b i l i z a t i o n tes ts cons is ted of 
p r e p a r a t i o n of 2-by 2 - m . c y l i n d r i c a l 

s o i l - s t a b i l i z e r specimens of P r o c t o r 
densi ty , m o i s t o r d r y c u r i n g f o r 7 
days, exposure to f o u r cyc les of f r e e z 
ing and thawing*, f o u r cyc les of w e t t m g 
and d ry ing* , and 7 days i m m e r s i o n i n 
wa te r , r e spec t ive ly , w i t h subsequent 
de t e rmina t i on of t h e compres s ive 
s t rength i n a C a r v e r hyd rau l i c p r e s s . 
The suscep t ib i l i t y to s t ab i l i z a t i on i s 
r a t e d on the bas is of compress ive 
s t rength va lues , combined w i t h a q u a l 
i t a t i ve judgment of the nature of f a i l u r e 
etc. 

S T A B I L I Z E R S USED 

The s t a b i l i z e r s used and the n o m e n 
c l a tu re employed a re g iven i n the r e l 
evant tables of r e s u l t s of the s t a b i l i z a 
t i on tes ts . Only P o r t l a n d cement , M C -
3 cu t -back , and a n i l i n e - f u r f u r a l (2 :1) 
w e r e used w i t h the Havana and Cata l ina 
so i l s w h i l e these and a v a r i e t y of o ther 
s t a b i l i z e r s were employed w i t h the 
Matanzas s o i l . The tes ts w i t h the Nipe 
s o i l w e r e conf ined to the respec t ive 
s o i l - c e m e n t sys tem. The data r e p o r t e d 
f o r the Guinea s o i l w e r e obtained d u r i n g 
an inves t iga t ion undertaken f o r P o r t u 
guese Guinea, which had as objec t the 
u t i l i z a t i o n of l o c a l l o w - c o s t vegetable 
m a t e r i a l s i n l o w - c o s t road and a i r 
d rome cons t ruc t ion . The c o m m o n 
s t a b i l i z e r s , P o r t l a n d cement and as
pha l t i c cu t -backs , had been employed 
o r i g i n a l l y only f o r purposes of c o m 
p a r i s o n ; however , the f a i l u r e of these 
m a t e r i a l s to s t ab i l i ze the s o i l i n quest ion 
p r o m p t e d a search f o r the under lay ing 
reasons. 

P R E P A R A T I O N O F T H E SPECIMENS 

Soi l (passmg through No. 10 sieve) 
was m i x e d w i t h p r e d e t e r m i n e d quan
t i t i e s of wa te r and s t a b i l i z e r i n a Hoba r t 
m i x e r and compacted m a D i e t e r t 
machine . So l id s t a b i l i z e r s such as 

'Freezing and thawing: 4 cycles, each cycle 
consisting of 8 hours of freezing and 15 
hours of thawing. 

*Wetting and drying: 4 cycles, each cycle 
consisting of 3 hours of wetting and 20 hours 
of drying. 
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T A B L F 1 

D E S C B I P T I O S ' O F T H E S O I L S U S E D FOR E X P E R I M E N T A L I N V E S T I G A T I O N S 

S o i ] Name 

G i v e n D e s c r i p t i o n o f the S o i l 

P r o f i l e 

C h a r a c t e r i s t i c s 

O r g a n i c 

M a t t e r 

P r e s e n t 

P a r e n t 

M a t e r l a 1 

C l a y M i n o r a 

f rom T h e r m a 

A n a l y s i s 

M a t a n 2 0 3 D a r k r e d , we11 g r a n u l e -

t e d 1 a t e r i t e s o i I f r o m 

C u b a 

A2 h o r i z o n 0 

t o 1 10 f t 

b e l o w g r o u n d 

1 e v e l 

15 Y e s 

( r a t h e r 

h i g h ) 

L i m e 

R o c k 

( c o c o ' ) 

H y d r a t e d 

H a l l o y s i t e 

w i t h some 

g i b b s i t e 

H a v a n a ^ A s h y g r a y , c l a y e y t r o 

p i c a l s o i l f rom C u b a 

( P r o b a b l y s i m i l a r t o 

t h e * ' C * ' h o r i z o n s o i l 

o f t h e M a t a n z a a 

s e r i e s ) 

h o r i z o n 0 

t o 2 75 f t 

be low g r o u n d 

l e v e l 

50 Y e s 

( r a t h e r 

1 ow) 

L i m e 

R o c k 

( c o c o ' ) 

M i x t u r e o f 

1 1 1 1 t e a n d 

m e n t m o r i 1 1 0 

n i t e 

C a t a 1 i n a Y e l l o w i s h - r e d l a t e r -

i t i c s o i l f rom P u e r t o 

R i c o , n o t w e l l g r a n u 

l a t e d 

B and C h o r i 

z o n s 1 -5 f t 

b e l o w g r o u n d 

l e v e l 

Y e s 

( r a t h e r 

l o w ) 

A n d e s i -

t i c t u f f 

& t u f f a -

c e o u s 

s h a l e 

K a o l i n i t e 

G u i n e a L i g h t r e d , s a n d y l a t e r -

i t i c s o i l f r o m G u i n e a 

A f r i c a 

Y e s 

( v e r y 

h i g h ) 

--
K a o l i n i t e 

N i p e D a r k r e d , w e l l g r a n u 

l a t e d l a t e r i t e s o i l 

f r o m P u e r t o R i c o 

B2 h o r i z o n - -

2 t o 5 f t 

b e l o w g r o u n d 

Y e s 

( r a t h e r 

l o w ) 

S e r p e n 

t i n e 

R o c k 

K a o l i n i t e 

wi t h 

g i b b s i t e 

l e v e l 

C o n t a i n s more t h a n 50 p e r c e n t C a C O j 

P o r t l a n d cement and l i m e w e r e f i r s t 
m i x e d d r y w i t h the s o i l ; subsequently, 
wa te r i n an amount ca lcu la ted to s a t i s f y 
the m o i s t u r e r equ i r emen t of the s o i l 
and the hyd ra t i on needs of the s t a b i l i z e r 
was added. I n the case of s e m i - s o l i d 
and l i q u i d s t a b i l i z e r s , the concept of 
o p t i m u m l i q u i d content was used. The 
r e p o r t e d percentages of the s t a b i l i z e r s 
a re based on the d r y weight of the s o i l . 

The p repa ra t i on of s o i l - c e m e n t 
specimens at the s tandard o p t i m u m 
m o i s t u r e content m the e a r l i e r a t tempts 
posed a p r o b l e m due to the f a c t that the 
s o i l - w a t e r - c e m e n t sy s t em presented a 
r a t h e r s t i cky consis tency, h a r d l y c o n 
ducive to obta in ing w e l l def ined s a m 
ples . A close observa t ion of the m i x i n g 
p rocess showed the existence of a 
g radua l change of the m i x f r o m the 
g r a n u l a r t ex tu re to a r a t h e r s t i cky 
consis tency. T h i s was much pronounced 
w i t h an increase i n the speed and t i m e 
of m i x i n g . 

Bes t specimens were obtained by 
emp loy ing the lowest speed of the m i x e r 
and m o l d i n g the specimens when the m i x 
p resen teda v e r y loose g r a n u l a r appear
ance w i t h u n i f o r m m o i s t u r e d i s t r i b u t i o n . 

Observat ions of the behavior of the 
l a t e r i t e and l a t e r i t i c so i l s i n the p r e p 
a r a t i o n of specimens w i t h a l a r g e 
number of s t a b i l i z e r s brought out the 
impor t ance of avo id ing o v e r - m i x i n g , 
not only f o r s o i l - c e m e n t , but a lso f o r 
the o ther sys tems . Excess ive m i x i n g 
des t roys the des i rab le g r anu l a r s t r u c 
t u r e of the s o i l . However , w i t h b i t u m i 
nous m a t e r i a l s the d i spe r s ion was poor 
and d i d not i m p r o v e s i g n i f i c a n t l y , even 
w i t h continuous and i n t i m a t e m i x i n g . 

The n o n - l a t e r i t i c Havana s o i l alone 
showed a u n i f o r m m i x w i t h the b i t u 
minous s t a b i l i z e r . 

A n i l i n e and f u r f u r a l were added 
separate ly i n the respec t ive o r d e r to 
the s o i l - w a t e r sys t em and the m i x i n g 
contmued a f t e r the addi t ion of each. 
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T A B L E 2 

P H Y S I C A L C H A R A C T E R I S T I C S O F THE MATAflZAS S O I L 

A G r a n u l a t i o n C h a r a c t e r i s t i c s 

1 D r y S i e v e A n a l y s i s C h a r a c t e r i z i n g N a t u r a l G r a n u l a t i o n s 

S i e v e No. 

4 

10 

40 

200 

P e r c e n t a g e P a a s i n g ( b y w e i g h t o f t o t a l ) 

77 1 

59 1 

23 9 5 

2 50 

2 A g g r e g a t e A n a l y s i s i n an E l u t r i a t o r 

S u e o f A g g r e g a t e s 

> 0 . 1 mm 

0 1 - 0 0 5 mn 

0 0 5 - 0 0 2 mm 

< 0 . 0 2 mm 

P e r c e n t a g e by W e i g h t 

84 45 

7 8 5 

3 73 

3 97 

M e c h a n i c a l A n a l y s i s on S o i l P a s s i n g No 200 

W i t h o u t A f t e r 

T r e a t m e n t T r e a t m e n t 

S i z e a n d D e s c r i p t i o n 

o f P a r t i c l e s 

S a n d >SCl fl 6 9 

C o a r s e s i l t S / i - 50/1 28 3 

F i n e s i l t 5 ^ - 2/Ll 12 8 

C l a y < 2 51 9 

B C o n s i s t e n c y L i m i t s 

F r e s h S o i l M o i s t u r e 

C o n t e n t 2 0 . 5 P e r c e n t 

D e s c r i p t i o n W i t h 

o f t e s t R e m o l d e d 

31 4 

61 97 

3 17 

3 46 

S i e v e , S e d i m e n t a t i o n Method 

A f t e r R e m o v a l ' 

o f Fe a n d A l 

O x i d e s 

37 4 

38 64 

15 30 

9 59 

S o i l a i r - d r i e d f o r a l o n g t i m e 

( M o i s t u r e C o n t e n t 4 7 P e r c e n t ) 

L i q u i d l i m i t 

P l a s t i c l i m i t 

P l a s t i c i t y 

I n d e x 

S h r i n k a g e 

L i m i t 

53 0 

31 2 

21 8 

20 8 

Minimum 

H a n d l i n g 

46 2 

31 2 

15 0 

31 5 

R e m o l d e d 

52 6 

32 1 

20 5 

20 32 

W i t h 

Minimum 

H a n d l i n g 

4 5 . 9 

32 1 

13 8 

26 8 

O t h e r T e s t s 

1 S p e c i f i c g r a v i t y 

2 C o m p a c t i o n t e s t s 

Optimum m o i s t u r e 

c o n t e n t 

I n W a t e r 

2 90 

P r o c t o r 

30 % 

88 

I n t e t r a h y d r o n e p h t h o l e n e 

2 94 

M o d i f i e d AASHO 

25 5 % 

9 5 . 2 5 
Maximum d r y d e n s i t y 

i n l b p e r c u f t 

P e r m e a b i l i t y c o e f f i c i e n t f rom 

c o n s o l i d a t i o n t e s t a t 4 8 t o n s p e r s q f t 3 x 10"^ cm p e r s e c 

^ J e f f r i e s " R a p i d Method f o r t h e R e m o v a l o f F r e e I r o n O x i d e s i n S o i l P r i o r 

t o P e t r o g r a p h i c A n a l y s i s " P r o c S o i l S c i e n c e . S o c i e t y o f A m e r i c a 2 1 1 - 2 1 2 

( 1 9 4 6 ) 
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MAT>SNZAa SOIL 

UNTQCATCB 

t^C^ T B C A T C D 

HAVANA S O I L 

UNTOZATCD 

T E ¥ P C B A T W C - K a . C 

Figure 2. Differential Thermal Curves of 
-200 Fractions of the Soils. 

CURING 

A l l the P o r t l a n d cement and l i m e 
specimens were m o i s t cu red . One-
hal f of the number of specimens c o n -
t a i n m g organic cement ing o r w a t e r 
p r o o f i n g agents w e r e m o i s t c u r e d , the 
o ther ha l f we re d r y c u r e d the same 
procedure was f o l l o w e d w i t h the s o d i u m -
s i l i c a t e specimens. 

EXPOSURES 

Separate sets of the l i m e and P o r t 
l and-cement specimens w e r e subjec ted 
to the three kmds of exposure tes ts 
ment ioned p r e v i o u s l y . The only ex 
cept ion was the Guinea s o i l wh ich f a i l e d 

to set w i t h m o i s t c u r i n g f o r 7 and 14 
days , r e spec t ive ly . 

A l l the o ther specimens w e r e i m 
m e r s e d i n wa te r f o r 7 days be fo re 
t es t ing f o r compres s ive s t reng th . 

COMPRESSIVE STRENGTH TESTS 

On comple t ion of the exposure tes ts 
the compres s ive s t reng th tests were 
p e r f o r m e d at r o o m t empera tu re and 
the nature of f a i l u r e noted. 

P H Y S I C A L A N D P H Y S I C O - C H E M I C A L 
PROPERTIES 

The r e s u l t s of the tes ts a re g iven i n 
Tables 2 , 3, and 4. 

CATALINA SOIL 

SUINCA s o i l , 

a TfiCATED 

NIPE SOIL 

M^Cl TOCATED 

T C M P C R A T X I R C - D C O . C . 

Figure 3. Differentia] Hiermal Curves of 
-200 Fractions of the Soils. 
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M A T A N Z A S SOIL 

The r e s u l t s of the sieve ana lys i s 
and aggregate ana lys i s s i g n i f y a v e r y 
h igh degree of s table aggregat ion of 
the p r i m a r y p a r t i c l e s of the s o i l i n i t s 
n a t u r a l condi t ion . 

No p r o p e r d i spe r s ion cou ld be o b 
ta ined employ ing agents such as sod ium 
s i l i c a t e , sod ium hydrox ide , sod ium 
carbonate , a m m o n i u m hyd rox ide , o r a 
m i x t u r e of sod ium hydrox ide and sod ium 
oxalate . 

CONSISTENCY L I M I T S 

A study of the e f f ec t of change i n the 
i n i t i a l m o i s t u r e content of the s o i l and 

the e f f e c t of r e m o l d i n g on i t s c o n s i s t 
ency p r o p e r t i e s was made. The change 
i n the i n i t i a l m o i s t u r e content d i d not 
a f f ec t the va lues to any s i g n i f i c a n t 
extent. On the o ther hand, the r o l e 
p layed by the s t r u c t u r e i s indica ted 
c l e a r l y by the increase of the p l a s t i c i t y 
mdex by 40 to 50 percent i n the case of 
the r e m o l d e d s o i l , as compared w i t h 
the va lue obtained when s t r u c t u r a l 
d is turbance due to the test i t s e l f was 
he ld at a m i n i m u m . 

The o ther tes ts conducted on th i s 
s o i l show a h igh spec i f i c g r a v i t y of 
2. 94, h igh p e r m e a b i l i t y of 3 x 10 c m 
per sec. , a low a f f i n i t y f o r w a t e r , and 
a l ow base exchange capaci ty of 6. 6 
me p e r 100 g r a m s . The t h e r m a l cu rve 

T A B L E 3 

P H Y S I C O - C H E M I C A L P R O P E R T I E S O F T H E MATANZAS S O I L 

5 7 2 8 1 H y g r o s c o p i c i t y a t 2 5 C 2 2 4 

2 pH v a l u e o f s o i l - w a t e r s l u r r y ( 1 1) 6 30 

3 B a s e e x c h a n g e c a p a c i t y by c o n d u c t o -

m e t r i c t i t r a t i o n 6 6 m e 

100 gms 

4 C a r b o n c o n t e n t by c o m b u s t i o n a n a l y s i s 2 0 P e r c e n t 

5 C l a y m i n e r a l f r o m t h e r m a l c u r v e H y d r a t e d h e l l o y s i t e w i t h 

some g i b b s i t e 

T A B L E 4 

No 

1 

2 

3 

4 

A P h y s i c a l and P h y s i c o - C h e m i c a l C h a r a c t e r i s t i c s 

o f H a v a n a , C a t a l i n a , G u i n e a a n d N i p e S o i l s 

Name o f 

S o i l 

H a v a n a 

L L 

62 2 

C a t a l i n a 7 2 0 

G u i n e a 

N i p e 48 3 

P L 

36 7 

P I 

2 5 5 

S L . 

2 6 . 5 

53 7 18 3 2 5 9 

38 0 10 3 2 5 . 7 

C l a y M i n e r a l From T h e r m a l C u r v e 

C o m b i n a t i o n o f i l l i t e and 

m o n t m o r i l l o n i t e ( n o n -

l a t e r i t i c ) 

K a o l i n i t e ( l a t e r i t i c ) 

K a o l i n i t e ( l a t e r i t i c ) 

K a o l i n i t e w i t h some g i b b s i t e 

( l a t e r i t e ) 

B . R e s u l t s o f A d d i t i o n a l T e s t s on t h e (Aiinea S o i l 

1 Wet S i e v e A n a l y s i s P a s s i n g S i e v e No P e r c e n t by W e i g h t 

4 100 

10 9 5 

40 38 

200 12 

2 Maximum d r y d e n s i t y o f P r o c t o r C o m p a c t i o n 113 5 l b . p e r c u f t 

3 Optimum m o i s t u r e 10 3 P e r c e n t 
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shows presence of g ibbs i te i n an essen
t i a l l y hydra ted h a l l o y s i t e , the presence 
of g ibbs i te p robably ind i ca t ing a f a i r l y 
h igh degree of l a t e r i z a t i o n ( F i g . 2 , 
Table 3) . 

H A V A N A , C A T A L I N A , N I P E A N D 
GUINEA SOILS 

The l i m i t e d number of tes ts p e r 
f o r m e d on these so i l s shows reduced 
values of p l a s t i c i t y indices w i t h h igher 
degrees of l a t e r i z a t i o n as seen f r o m 
the t h e r m a l cu rves . The Guinea s o i l 
had only 12 pe rcen t pass ing the No. 200 
s ieve, and an o p t i m u m m o i s t u r e content 
of 10. 3 percent . 

The t h e r m a l analys is shows the 
Havana s o i l to conta in a combina t ion of 
l U i t e and m o n t m o r i U o n i t e c lay m i n 
e r a l s , w h i c h a re t y p i c a l f o r n o n - l a t e r -
i t e so i l s . The Cata l ina and the Guinea 
so i l s show t y p i c a l kao l in i t e c lay m m -
e r a l s i nd ica t ive of t h e i r l a t e r i t i c c h a r 
ac ter . The Nipe s o i l shows kao l i n i t e 
w i t h g ibbs i t e , the l a t t e r an i nd i ca to r of 
a h igher degree of l a t e r i z a t i o n (F igs . 
2 and 3). 

S U S C E P T I B I L I T Y T O S T A B I L I Z A T I O N 
W I T H A D D I T I V E S 

A number of mves t iga to r s have 
r e p o r t e d good s t a b i l i t y c h a r a c t e r i s t i c s 
of sys tems of r e d and y e l l o w so i l s 
s t a b i l i z e d w i t h P o r t l a n d cement i n 
amounts as low as 6 to 10 pe rcen t (5, 
30). Studies have revea led that so i l s 
w i t h h igh i r o n and a l u m i n u m contents 
a re eas i ly s t ab i l i z ed by means of b i 
tuminous m a t e r i a l s and by s i l i c a t e of 
soda, the l a t t e r to be supplemented 
w i t h ' a w a t e r p r o o f i n g agent (20, 29). 

The r e s u l t s of the present s e r i e s of 
s t a b i l i z a t i o n tes ts a re g iven i n Tables 
5, 6, 7, 8, and 9. I n the f o l l o w i n g 
d i scuss ion , only the mos t s i g n i f i c a n t 
f ea tu res a re poin ted out. 

M A T A N Z A S SOIL ( T A B L E 5) 

F a i r l y good compres s ive s t rength 
values were obtained at c o m p a r a t i v e l y 
h igh percentages of cement . Steady and 
o p t i m u m s t rength condi t ions seemed to 
be reached around a cement content of 

14 percent . F u r t h e r increase to 16 
and 18 percen t d i d not i m p r o v e the 
s t rength values apprec iab ly . I t i s 
even poss ib le that a l e sse r quant i ty of 
cement (12 to 14 percent ) may show 
s a t i s f a c t o r y s t a b i l i t y c h a r a c t e r i s t i c s . 

S tab i l i za t ion w i t h l i m e was a t o t a l 
f a i l u r e ; i n f a c t , decreas ing values of 
compres s ive s t rength accompany i n 
c rease i n l i m e content. I t i s poss ib le 
that f o r l i m e s t a b i l i z a t i o n a longer 
p e r i o d mus t be a l lowed f o r the c a r b o n -
a t ion of the c a l c i u m hydrox ide . F u r 
t h e r m o r e , i f a s o i l contains a c i d o r 
ganic m a t t e r , l i m e may s t imu la t e the 
g r o w t h of bac t e r i a w i t h d e t r i m e n t a l 
ac t ion on mechanica l res i s tance of the 
sys t em. 

The d r y - c u r e d specimens f a i l e d c o m -
p le t e ly w h i l e the m o i s t c u r e d ones show
ed v e r y poor compress ive s t rengths . 
I t I S , of cou r se , r e a l i z e d that f i e l d 
p e r f o r m a n c e of a s o i l - b i t u m e n sys t em 
cannot be judged c o r r e c t l y f r o m c o m 
p r e s s i v e s t rength values a lone; how
ever , such data a r e i m p o r t a n t f o r 
c o m p a r i s o n of r e l a t i v e e f fec t iveness . 
The comple te f a i l u r e i n one case and 
the v e r y poor s t rength values obtained 
ui the o the r , show the ine f fec t iveness 
of the b i tuminous s t a b i l i z e r used o r the 
method adopted. 

Of the d r y c u r e d specimens , those 
conta in ing 10 percent of t a r alone w i t h 
s tood the i m m e r s i o n exposure , but 
showed r a t h e r poor s t reng th . The m o i s t 
c u r e d specimens showed f a i r l y s a t i s 
f a c t o r y va lues . Though i n gene ra l , 
s t a b i l i z a t i o n w i t h t a r alone may not be 
adequate, t r ea tmen t w i t h the l a t t e r 
r e su l t ed i n d i s t i n c t l y be t te r s t a b i l i t y 
c h a r a c t e r i s t i c s than t r ea tmen t w i t h 
co r r e spond ing quant i t i es of M C - 3 c u t 
back. 

Both the d r y c u r e d and m o i s t c u r e d 
specimens showed s a t i s f a c t o r y va lues , 
though a feeb le tendency f o r s l a k i n g was 
no t iced d u r i n g i m m e r s i o n of the d r y -
c u r e d specimens. T h i s , however , d i d 
not s i g n i f i c a n t l y a f f e c t the s t reng th 
c h a r a c t e r i s t i c s . The poor r e s u l t s , 
amount ing p r a c t i c a l l y to t o t a l f a i l u r e s 
w i t h the use of the o ther s t a b i l i z e r s 
l i s t e d i n Tab le 5 do not w a r r a n t sep
ara te o r de ta i led d iscuss ion . N o t e 
w o r t h y tendencies , i f any, a r e brought 
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T A B L E 5 

R E S U L T S O F T H E S T A B I L I Z A T I O N T E S T S WITH MATANZAS S O I L 

T y p e o f e x p o s u r e s F - T 4 c y c l e s o f f r e e z i n g a n d t h a w i n g 

W - D : 4 - c y c l e s o f w e t t i n g and d r y i n g 

IMM 7 d a y s i m m e r s i o n i n w a t e r 

D e s c r i p t i o n o f 

S o i l - S t a b i l i z e r 

S p e c i m e n s 

P e r c e n t 

o f 

S t a b i l i z e r 

C o m p r e s s i v e 

S t r e n g t h 

i n P S I R e m a r k s 

I I n o r g a n i c S t a b i l i z e r s 

( a ) P o r t l a n d c e m e n t 

m o i s t c u r e d 

F - T 

W-D 

IMM 

14 

16 

18 

8 

14 

16 

18 

8 

14 

16 

18 

258 

481 

506 

550 

132 

296 

299 

314 J 

150 

313 

351 

3 5 4 J 

S h e a r f a i l u r e s 

S h e a r f a i l u r e s 

S h e a r f a i l u r e s 

( b ) L i m e -

m o i s t c u r e d 

F - T 14 

16 

18 

C r u m b l y s h e a r f a i l u r e s 

W-D 
14 

16 

18 

S l a k e d end f a i l e d on 

w e t t i n g f o r t h e s e c o n d 

c y c l e 

IMM 14 

16 

18 

C r u m b l y s h e e r f a i l u r e s 

N o t e A l l c o m p r e s s i v e s t r e n g t h v a l u e s l i a t e d i n t h e f o l l o w i n g p a r t s o f T a b l e 5 

w e r e o b t a i n e d a f t e r 7 d a y s i m m e r s i o n of t h e s p e c i m e n s i n w a t e r 

( c ) S i l i c a t e o f s o d s ( N - B r a n d 40 % C o n c e n t r a t e d S o l u t i o n ) 

d r y c u r e d -

S i l i c a t e o f s o d a 

m o i s t c u r e d 12 

y 

] • 

S t a b i l i s e r a d d e d d i r e c t l y 

t o s o i l 

S t a b i l i z e r a d d e d i n an 

a q u e o u s medium 

S t a b i l i z e r a d d e d d i r e c t l y 

t o a o i 1 

S t a b i l i z e r a d d e d i n an 

a q u e o u s medium 
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T A B L E 5 ( C o n t ' d ) 

D e s c r i p t i o n o f 

S o i l - S t a b i l i i e r 

S p e c i m e n s 

P e r c e n t 

o f 

S t a b i U i e r 

C o m p r e s s i v e 

S t r e n g t h 

i n P S I . 

I I O r g a n i c S t a b i l i z e r s 

( a ) M C - 3 c u t - b a c k -

( b ) 

( c ) 

( d ) 

( e ) 

d r y c u r e d £ --
8 --

10 --

M C - 3 c u t - b a c k -

m o i s t c u r e d 6 10 

8 12 

10 13 

T a r B T - 6 -

d r y c u r e d 6 

8 

10 8 

T a r R T - 6 -

m o i s t c u r e d 6 30 

8 33 

10 33 

A n i l i n e - f u r f u r a l ( 2 1 ) -

d r y c u r e d 2 4 6 . 

3 54 

4 4 3 . 

A n i l i n e - f u r f u r a l ( 2 1) -

m o i s t c u r e d 2 46 

3 5 2 . 

4 70 

R e s i n s * ( a b i e t i c a c i d ) -

d r y c u r e d 0 . 5 17 . 

0 7 5 18 

1 00 7 

H e s i n s ( a b i e t i c a c i d ) -

m o i s t c u r e d 0 5 8 

0 7 5 8 

1 .0 14 

A b i e t i c s a l t R e s i n 321 -

d r y c u r e d 0 5 0 

0 7 5 3 

1 0 5 

A b i e t i c s a l t R e s i n 321 -

m o i s t c u r e d 0 5 11 

0 7 5 11 

1 .0 10 

5 -

} 
} 

3 ' 
[) -

3 

R e m a r k s 

S w e l l e d , c r a c k e d a n d f a i l e d 

A f t e r e x p o s u r e a l l s p e c i m e n s 

w e r e w e t b u t d i d n o t show 

f a i l u r e 

B o t h 6 and 8 p e r c e n t s a m p l e s 

s w e l l e d , c r a c k e d a n d f a i l e d 

C r a c k e d s l i g h t l y a n d showed 

some c o m p r e s s i v e s t r e n g t h 

P l a s t i c f a i l u r e s 

V e r y f e e b l e s l a k i n g was 

n o t i c e d , f a i l e d i n 

c r u m b l y s h e a r 

C r u m b l y s h e a r 

C o n s i d e r a b l e s l a k i n g was 

n o t i c e d i n a l l c a s e s . T h e 

1 p e r c e n t s p e c i m e n s w e r e o f 

p o o r m o l d 

C r u m b l e d 

A l l t h e s p e c i m e n s s l a k e d 

c o n s i d e r a b l y 

C r u m b l e d 
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T A B L E 5 ( C o n t ' d ) 

D e s c r i p t i o n o f P e r c e n t 

S o i l - S t a b i l i z e r o f 

S p e c i m e n s S t a b i l i z e r 

I I I B i t u m e n a n d A d m i x t u r e s 

( a ) c u t - b a c k M C - 3 + 10% 

g a s o l i n e -

d r y c u r e d 8 

m o i s t c u r e d 8 

C o m p r e s s i v e 

S t r e n g t h 

i n P . S . I 

( b ) 8% c u t - b a c k M C - 3 + 

10% k e r o s e n e + 

0 8% a n i l i n e - f u r f u r a l 

( 2 1) -

d r y c u r e d 

m o i s t c u r e d 

( c ) 8% c u t - b a c k M C - 3 + 

10% g a s o l i n e + 0 24% 

a n i l i n e - f u r f u r a l 2 1 

+ 0 . 0 8 % p e n t a c h l o r o p h e n o ) -

d r y c u r e d 

m o i s t c u r e d 

( d ) 8% t a r R T - 6 + 0 . 8 % 

a n l l l n e - f u r f u r a l 2 1 -

d r y c u r e d 

m o i s t c u r e d * 

0 

35 

3 0 > 

R e m a r k s 

S l a k e d a n d f a i l e d 

P l a s t i c f a i l u r e 

C r u m b l y s h e a r f a i l u r e 

S p e c i m e n s s l a k e d 

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

S p e c i m e n s s l a k e d c o m p l e t e l y 

a n d f a i l e d 

P l a s t i c f a i l u r e 

f o r w a r d . 
S i l i ca te of soda was a complete 

f a i l u r e i n i m m e r s i o n f o r both d r y and 
m o i s t c u r e d specimens. Both abie t ic 
a c i d and abie t ic sa l t (Resin 321) showed 
v e r y poor s t rength values . The add i t ion 
of gasol ine as a d i s p e r s i n g a i d f o r the 
M C - 3 t r e a t m e n t gave no i m p r o v e m e n t . 
However , de f in i t e i m p r o v e m e n t r e su l t ed 
f r o m the add i t ion of a s m a l l p e r c e n t 
age o f a n i l i n e - f u r f u r a l to the M C - 3 . 
F u r t h e r add i t ion of pentachlorophenol i n 
the combina t ion g ives even be t te r 
r e s u l t s . These observa t ions a re i n 
Ime w i t h p r ev ious f m d i n g s on the m -
f luence of these a c t i v a t o r s . The a d d i 
t i o n of a n i l m e - f u r f u r a l to the R T - 6 , 
however , d i d not show any m a r k e d 
change i n the s t r eng th values . I n v i e w 
of the exce l l en t c o m p a t i b i l i t y of a n i l m e -
f u r f u r a l w i t h coke-oven p i t c h , the 
observed behavior w i t h the R T - 6 may 
be due to the cha rac te r of the cu t t ing 
o i l . 

The r e s u l t s obtained w i t h s o i l of the 
Matanzas s e r i e s show a f a i r l y good 

suscep t ib i l i t y to s t ab i l i z a t i on w i t h 
P o r t l a n d cement , and a r a t h e r s a t i s f a c 
t o r y one w i t h a n i l i n e - f u r f u r a l ; the 
genera l r e s u l t s a r e , however , qui te 
below the l e v e l that w o u l d n o r m a l l y 
be expected of t h i s w e l l developed 
l a t e r i t e s o i l . 

H A V A N A SOIL ( T A B L E 6) 

The specimens f a i l e d a l m o s t c o m 
p le te ly i n the we t t i ng and d r y i n g tes ts 
w i t h P o r t l a n d cement . I n the o ther 
exposures , t h e specimens showed 
r e l a t i v e l y poor s t rength values c o n s i d -
e r m g the h igh percentages of cement 
employed. 

The s t a b i l i z a t i o n w i t h the M C -3 was 
a t o t a l f a i l u r e f o r both m o i s t c u r e d and 
d r y c u r e d specimens. The f a c t that 
m o i s t c u r e d samples w i t h 6 pe rcen t of 
cu t -back w e r e r e l a t i v e l y m o r e stable 
than those w i t h 8 and 10 percen t i s no te 
w o r t h y . The s o i l contained a c o n s i d e r 
able amount of l i m e . 
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Only the m o i s t c u r e d samples w i t h 
s tood the exposure tes ts , w i t h a n i l i n e -
f u r f u r a l showing bet ter s t rength values 
than the cu t -back M C - 3 . O p t i m u m 
p e r f o r m a n c e poss ib le w i t h t h i s r e s i n 
was not achieved, however , s ince the 
c a l c i u m carbonate i n the s o i l n e u t r a l i z 
ed the ac id ca ta lys t and s lowed down 
the se t t ing and hardening t i m e of the 
r e s i n . T h i s i s i l l u s t r a t e d by the f a c t 
that the l e s se r percentage of a n i l i n e -
f u r f u r a l , v i z . , 3 pe rcen t gave be t te r 
r e su l t s than 4 percent . I n the mean t ime , 
methodology has been developed to 
success fu l ly s t ab i l i ze c a l c i u m c a r b o n 
a te -conta in ing so i l s w i t h a n i l i n e - f u r 
f u r a l r e s i n . 

The Havana s o i l w i t h i t s i l l i t i c and 
m o n t m o r i U o n i t i c c lay m i n e r a l and high 
c a l c i u m c o n t e n t presents ex t r eme 

d i f f i c u l t y i n s t ab i l i z a t i on w i t h the c o n 
ven t iona l s t a b i l i z e r s . 

C A T A L I N A SOIL ( T A B L E 7) 

The specimens f a i l e d comple t e ly i n 
w e t t m g and d r y i n g i n the P o r t l a n d 
cement tes t and gave e x t r e m e l y poor 
values i n f r e e z m g and thawing. They 
d i d be t te r , though s t i l l p o o r l y , i n the 
i m m e r s i o n test . I t i s s i g n i f i c a n t that 
i n the supposedly s e m i - r i g i d o r r i g i d 
sys t em of s o i l - c e m e n t , the specimens 
w i t h as much as 16 percen t of cement 
exh ib i ted p l a s t i c f a i l u r e s . T h i s b r i n g s 
home the f a c t , observed separa te ly on 
pure s o i l - w a t e r spec imens , that p a r 
t i a l l y developed l a t e r i t i c so i l s may 
have a g rea t e r wa te r a f f i n i t y and c o n 
sequently m o r e pronounced s w e l l m g 

TABLE 6 

RESULTS OF STABILIZATION TESTS w m i HAVANA SOIL 

D e s c r i p t i o n o f 

S o i l - S t a b i l i i e r 

S p e c i m e n s 

I P o r t l a n d c e m e n t 

m o i s t c u r e d 

I I C u t - b o c k M C - 3 -

d r y c u r e d 

C u t - b a c k MC-3 -

m o i s t c u r e d 

P e r c e n t 

o f 

S t a b i l i z e r 

F-T 

W-D 

IMM 

IMM 

IMM 

12 

16 

6 

8 

10 

6 

8 

10 

I I I A n i l i n e - f u r f u r a l ( 2 1) 

d r y c u r e d 
IMM 

A n i l i n e - f u r f u r a l ( 2 1 ) 

m o i s t c u r e d * 
IMM 

C o m p r e s s i v e 

S t r e n g t h 

i n P S I 

114 • 

131 -

1 6 4 . 

0 } 

« > 
70 J-

128 • 

175 -

1 8 2 . 

0 • 

0 . 

0_ 

5 " 

0 -

0 . 

• > 

30 y 
19" 
20 

R e m a r k s 

S h e a r f a i l u r e s 

F a i l e d on s e c o n d w e t t & n g 

F a i l e d on s e c o n d w e t t i n g 

C o n s i d e r a b l e s l a k i n g was 

n o t i c e d 

S h e a r f a i l u r e s 

S w e l l e d , c r a c k e d a n d 

f a i l e d w i t h i n one day 

o f i m m e r s i o n 

T h e 6 p e r c e n t s a m p l e s w e r e 

d e f i n i t e l y b e t t e r t h a n t h e 

8 a n d 10 p e r c e n t o n e s by 

b o t h a p p e a r a n c e and s t r e n g t h 

C r a c k e d a n d f a i l e d a f t e r 1 d a y 

C r a c k e d and f a i l e d a f t e r 

t h r e e d a y s 

P l a s t i c f a i l u r e 

C r u m b l y s h e a r f a i l u r e 
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T A B L E 7 

R E S U L T S O F S T A B I L I Z A T I O N T E S T S WITH C A T A L I N A S O I L 

D e s c r i p t i o n o f 

S o i l - S t a b i l i z e r 

S p e c i m e n s 

I P o r t l a n d c e m e n t 

m o i s t c u r e d 

I I C u t - b s c k M C - 3 

d r y c u r e d 

C u t - b a c k M C - 3 

m o i s t c u r e d 

P e r c e n t 

o f 

S t a b i l i z e r 

F - T 12 

16 

12 

W-D 

16 

IMM 

IMM 

12 

16 

6 

8 

10 

IMM 

10 

I I I A n i l i n e - f u r f u r a l ( 2 1 ) -
d r y c u r e d 3 

4 

5 

IMM 

A n i l i n e - f u r f u r a l ( 2 1) -

m o i s t c u r e d 3 

4 IMM 

C o m p r e s s i v e 

S t r e n g t h 

i n P S I . 

o" 

3 -

2 5 . 

03-

r 

0 -

0 

0. • 
0 ' 

0 . • 

33 

33 

40 

97 

68 

143 

lay 
7 0 ' 

90 

R e m a r k s 

P l a s t i c f a i l u r e s 

S l a k e d a n d f a i l e d on 

s e c o n d w e t t i n g 

S l a k e d and f a i l e d on 

s e c o n d w e t t i n g b u t l e s s 

f a s t 

S l a k e d a n d f a i l e d on t h i r d 

w e t t i n g 

P l a s t i c f a i l u r e s 

S w e l l e d , c r a c k e d end f a i l e d 

S w e l l e d , c r a c k e d a n d f a i l e d 

b u t r e t a i n e d t h e s h a p e , 

showed no s t r e n g t h 

P l a s t i c f a i l u r e s , c r a c k s 

commenced w i t h a p r e s s u r e 

o f 10 t o 20 p s i 

C r u m b l y s h e a r f a i l u r e s 

P l a s t i c f a i l u r e 

P l a s t i c to c r u m b l y s h e s r 

and shr inkage c h a r a c t e r i s t i c s than 
n o r m a l l y expected i n v i ew of the kao -
l i n i t e type of c lay contained i n such 
so i l s . 

The d r y - c u r e d specimens f a i l e d 
comple t e ly w i t h M C - 3 cut -back . The 
m o i s t - c u r e d specimens showed f a i r l y 
good compres s ive s t reng th f o r such 
p l a s t i c sys tems . 

The r e s u l t s obtained w i t h a n i l m e -
f u r f u r a l a r e m sharp con t ras t to those 
obtamed w i t h P o r t l a n d cement and 
M C - 3 . Exce l l en t compress ive s t rength 
was exh ib i t ed by both the d r y - and 
m o i s t - c u r e d specimens. The d r y -
c u r e d specimens , f o r the f i r s t t i m e , 
showed be t t e r s t rength c h a r a c t e r i s t i c s 

than the m o i s t c u r e d ones f o r any s o i l 
w i t h any organic s t a b i l i z e r . The nature 
of f a i l u r e of the m o i s t - c u r e d specimens 
was c r u m b l y shear. The s t reng th and 
w a t e r - r e s i s t a n c e obtained w i t h 3 p e r 
cent of s t a b i l i z e r w e r e s u f f i c i e n t l y good 
to suggest l o w e r i n g of the s t a b i l i z e r 
quant i ty to 2 percent . The good values 
obtained h e r e have an added s ign i f i cance 
because of the poor showing w i t h th i s 
s o i l of the other s t a b i l i z e r s , even at 
h igh percentages. 

GUINEA SOIL ( T A B L E 8) 

The s ize compos i t i on as w e l l as 
the l a t e r i t i c cha rac te r of the s o i l under 
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inves t iga t ion wou ld indica te that i t 
cou ld be eas i ly s t ab i l i z ed by means of 
any of the convent ional m a t e r i a l s , 
P o r t l a n d cement , asphal t and t a r . 

The low cohesion of t h i s s o i l makes 
i t i m p e r a t i v e that the organic s t a b i 
l i z e r s possess cement ing i n add i t ion to 
w a t e r p r o o f i n g p r o p e r t i e s . The p r o t o -

T A B L E 8 

R E S U L T S O F S T A B I L I Z A T I O N T E S T S ON G U I N E A S O I L ( 2 3 ) 

P r e c e n t o f C o m p r e s s i v e S t r e n g t h o f t h e S o i l - C e m e n t S p e c i m e n s 

P o r t l a n d W i t h o u t 

C e m e n t a d d i t i v e 10% C a C l j ' 2% H y d r o u s A l C l j " 2% H y d r o u s A l j C S O ^ j j ' 

A' A f t e r 7 d a y s c u r i n g 

10 

22 

40 

25 

29 

B A f t t r 14 d a y s c u r i n g 

6 

8 

10 

6 4 

9 1 

12 7 

9 6 

8 

12 8 

19 

12 7 

19 

27 

24 

30 

P e r c e n t a g e b a s e d on w e i g h t o f P o r t l a n d c e m e n t 

T A B L E 9 

R E S U L T S O F S T A B I L I Z A T I O N T E S T S ON N I P E S O I L 

D e s c r i p t i o n o f 

S o i l - S t a b i l i z e r 

S p e c i m e n 

M o i s t u r e 

C o n t e n t 

D u r i n g 

M o l d i n g 

P o r t l a n d c e m e n t u s e d 8% - M o i s t c u r e d 

F - T 

W-D 

IMM 

F - T 

W-D 

IMM 

F - T 

W-D 

IMM 

2 3 4 ° 

23 4 

2 3 . 4 

27 0 

27 0 

2 7 . 0 

3 0 . 0 

30 0 

30 0 

C o m p r e s s i v e 

S t r e n g t h 

i n P S I 

27 5 

77 

53 3 

- 2 
77 0 

33 3 ' 

43 0 

4 3 . 3 

R e m a r k s 

S a m p l e s w e r e b r u i s e d 

d u r i n g m o l d i n g 

S a m p l e s w e r e b r u i s e d 

d u r i n g m o l d i n g 

Optimum m o i s t u r e c o n t e n t a s o f P r o c t o r 

The r e su l t s obtained w i t h P o r t l a n d 
cement were qui te d isappoint ing be 
cause the cement f a i l e d to set and 
harden. T h i s condi t ion was not helped 
by the a d m i x t u r e of c a l c i u m c h l o r i d e 
as suggested by the P o r t l a n d Cement 
A s s o c i a t i o n , nor by the a d m i x t u r e of 
a l u m i n u m c h l o r i d e o r a l u m m u m sul fa te . 

type of a s t ab i l i zed sys t em to be ach iev
ed w i t h t h i s type of s o i l i s " sand-
b i t u m e n " (8). 

The r e a l p r o b l e m i n the s t ab i l i z a t i on 
of th i s spec i f i c s o i l was the presence 
of organic m a t t e r r ang ing i n s ize f r o m 
eas i ly recognizable f r a c t i o n s of peanut 
she l l s and roo t s to c o l l o i d a l d imens ions 
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and v i ab l e ma t t e r ranging f r o m seeds 
to m i c r o b e s . 

The seeds sprouted l u s t i l y i n the 
s o i l - c e m e n t specimens; the m i c r o b e s 
p r o v e d to be espec ia l ly ac t ive i n the 
i m m e r s i o n tes t and p r o v i d e d v i s u a l 
and kakodyl ic evidence of t h e i r e x 
is tence by r educ ing the r e d , i r o n - o x i d e 
c o l o r of the s o i l to a d i r t y b lu i sh -g r een 
and by p o l l u t i n g the a tmosphere . Sub
sequently, some o i l - t r e a t e d specimens 
were i m m e r s e d i n water contained i n 
an i r o n bath w e l l covered w i t h rus t . 
The m i c r o b e s not only changed the c o l o r 
of the s o i l bu t , i n add i t ion , so t ho rough 
l y reduced and d i sso lved the r u s t of the 
bath that the l a t t e r showed a clean and 
shiny m e t a l su r face a f t e r the seven day 
i m m e r s i o n test . 

The p r o b l e m of the organic ma t t e r 
cou ld be overcome by c h e m i c a l l y s t e r 
i l i z i n g m a k r o - and m i c r o b i a l agents 
p resen t i n the s o i l . The r e l a t i v e p r o 
p o r t i o n o f o rgan ic m a t t e r i n the f r a c t i o n 
pass ing the No. 200 sieve can be g lean
ed f r o m a compar i son of the t h e r m a l 
c u r v e s obtained on the unoxidized and 
ox id i zed s o i l f r a c t i o n . 

N I P E SOIL ( T A B L E 9) 

The tests w i t h t h i s s o i l w e r e c o n 
ce rned m a m l y w i t h the in f luence o f 
m i x i n g m o i s t u r e on the p r o p e r t i e s of 
so i l - cemen t . The r e s u l t s a r e not 
conc lus ive ; but the re i s a tendency f o r 
a decrease i n s t rength w i t h increase m 
m o i s t u r e content at constant c o m -
pac t ive e f f o r t . The data do not p e r m i t 
dec is ion as to whether t h i s apparent 
e f f e c t I S a p r i m a r y one of the m o i s t u r e , 
o r a secondary one e i the r caused by 
eas ier des t ruc t ion of s t r u c t u r e d u r i n g 
m i x i n g at h igher m o i s t u r e contents o r 
by a r e s u l t i n g change of the densi ty of 
the specimens. See r e f e r ence (30). 

CONCLUSIONS 

The w o r k desc r ibed and documented 
i n t h i s paper was concerned w i t h a 
l i m i t e d number of tests on a l i m i t e d 
number of s o i l sys tems. Despi te these 
l i m i t a t i o n s , the f o l l o w i n g conclus ions 
of genera l impor tance cou ld be drawn: 

(1) The suscep t ib i l i t y to s t ab i l i z a t i on 

of l a t e r i t e and l a t e r i t i c so i l s may v a r y 
over a wide range f r o m exce l len t to 
poor . A s a genera l r u l e , t h i s suscep
t i b i l i t y increases w i t h i nc reas ing de
gree of l a t e r i z a t i o n as evidenced by the 
s i l i c a - se squ iox ide r a t i o . T h i s c o n 
f i r m s conclus ions d rawn f r o m p rev ious 
w o r k p e r f o r m e d on tempera te zone 
so i l s i n which i r o n and a l u m i n u m ions 
had been subst i tu ted f o r the exchange 
ions o f the n a t u r a l s o i l s . 

(2) I n the absence of the a n a l y t i c a l 
data r e q u i r e d f o r ca lcu la t ion of the 
S1O2/R2O3 r a t i o , c l ay - type d e t e r m i n a 
t i on by d i f f e r e n t i a l t h e r m a l ana lys i s 
may be used as an index to the degree 
of l a t e r i z a t i o n . H i g h l y l a t e r i z e d s a m 
ples conta in a l u m i n u m and i r o n oxides , 
possess ing t y p i c a l t h e r m a l c u r v e s , i n 
addi t ion to the K a o l i n i t e m i n e r a l wh ich 
possesses a s i l i c a - se squ iox ide r a t i o 
of 2. 

(3) Soils possessmg a low degree of 
l a t e r i z a t i o n may possess m o r e p r o 
nounced s w e l l and shr inkage c h a r a c t e r 
i s t i c s than n o r m a l l y expected o f r e d 
l a t e r i t i c c lay so i l s . 

(4) F a i r l y h igh quant i t ies of organic 
m a t t e r may be present m r e d t r o p i c a l 
and sub t rop i ca l so i l s . T h i s organic 
m a t t e r , espec ia l ly i f b i o l o g i c a l l y ac t i ve , 
may p reven t a s o i l f r o m p r o p e r l y 
responding to s t a b i l i z i n g t r ea tmen t , 
even though the s o i l be g r a n u l o m e t n c a l l y 
w e l l su i t ed f o r such t rea tment . I n such 
cases, c h e m i c a l s t e r i l i z a t i o n p r e c e d 
ing o r s imul taneous w i t h the s t a b i l i z a 
t i o n I S ind ica ted . 

I t may be appropr ia te to append a 
few cons idera t ions to th i s paper . D e 
pending upon env i ronment , pa ren t r o c k 
and t i m e , s o i l f o r m i n g processes may, 
i n the t r o p i c a l and sub t rop i ca l zones, 
produce m a t e r i a l s ranging f r o m h a r d 
l a t e r i t e " r o c k " to n o n - l a t e r i t e so i l s 
s i m i l a r to those found i n t empera te 
reg ions . 

F r o m the po in t of v i e w of road use, 
e i the r as an aggregate, o r as a b inder , 
o r as a m a t e r i a l to be t r ea ted w i t h 
cement ing o r w a t e r p r o o f i n g agents, 
the m a t e r i a l becomes more f avo rab le 
the f a r t h e r i t has p r o g r e s s e d on the way 
to l a t e r i z a t i o n . T h i s indicates that the 
grea tes t p r o b l e m i n the road use of 
l a t e r i t e so i l s a r i s e s f r o m the e f f e c t o n 
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the s o i l sys tems of the s eve r i t y of 
c l i m a t e , espec ia l ly the des icca t ion 
f o l l o w e d by the monsoon, r a t h e r than 
f r o m the inheren t s o i l p r o p e r t i e s which 
at the w o r s t come to resemble m o r e and 
m o r e those of so i l s f r o m the tempera te 
regions . 

I t stands to reason that g r a n u l a r 
s o i l s t ab i l i z a t i on has been m o r e wide ly 
employed i n l a t e r i t e areas than the 
o ther s t ab i l i z a t i on methods. Granu la r 
s t ab i l i zed so i l s s u f f e r most f r o m c l i 
ma t ic s e v e r i t y espec ia l ly f r o m long 
des icca t ion pe r iods . T h i s i s t r u e not 
only f o r t r o p i c a l c l i m a t e but a lso f o r 
our own g r a v e l roads i n the g rea t 
p la ins and f o r the m o r e f r i g i d c l i m a t e 
of A r g e n t i n e Patagonia, as judged f r o m 
the w i n d e ros ion m these areas . 

Cons ide r ing these gene ra l f a c t s , and 
also the spec i f i c p r o p e r t i e s of mos t 
so i l s i n the t r o p i c reg ions , i . e . , 
cementa t ion and s t r u c t u r e w h i c h a re 
best l e f t undis turbed , i t wou ld appear 
that the mos t p r o m i s i n g method f o r 
l o w - c o s t r o a d cons t ruc t i on i s " e a r t h 
o i l i n g " as desc r ibed i n the C u r r e n t 
Road P r o b l e m s B u l l e t i n on " S o i l B i -
tummous R o a d s . " Of course , the o i l 
to be employed - and i t may be any 
type of o i l , a spha l t i c , pyrogenous f r o m 
c o a l , vegetable o r a n i m a l o r i g i n , o r any 
o ther , mus t be w e l l f o r t i f i e d w i t h a n t i 
oxidant and w i t h b a c t e r i c i d a l addi t ives . 
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