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W arti,ne Boa,l Problenis 

Thel'e a,re t wo major wartime road responsibilities; to keep the 
traffic essential to the war effort moving, and to ca1:ry the existing 
road':! through the war period in as good condition as possible. Dis
charge of these responsibilities entails consideration of many new 
factors in view of the limitations on time, money, labor, equipment 
and use of critical materials imposed by the exigencies of the national 
situation. Obviously, changing emphasis from devising better and 
more economical methods to a program, within the wartime limita
tions of wartime traffic movement and conservation of the existing 
roads confronts highway engineers with many new problems and 
new aspects of old prC>blems. 

The Highway Research Board believes that it can be helpful by 
aiding in disseminating in usable form the best available information 
on those phases of highway technology in which common practice 
has not become established or in which practice must be modified 
during the war. To this end a series of bulletins on WARTIME 
ROAD PROBLEMS will be prepared by qualified committees and 
published by the Highway Research Board. Recommendations in 
this series of bulletins are based upon wartime re:,trictions and needs 
and are only intended for use as guides during the periods in which 
these conditions prevail. 

This program has been endorsed by the Executive Committee 
of the American Association of State Highway Officials. 

Suggestions for suitable subjects will be welcomed. 

The following report on granular stabilized roads is of immediate 
emergency importance. The recommendations, however, are general 
and need not be re t ricted to wartime practice as they are appli
cable whenever the described condit ions prevail. The section on 
1\faint nance of Granular Stabiliz d Surfaces has been reviewed and 
approved by B. R. Downey, Maintenance Engineer, Michigan State 
Highway Department and W. H. Root, Chairman of Maintenance 
Department, Highway Research Board; Maintenance Engineer, 
Iowa State Highway Commission. 
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GRANULAR STABILIZED ROADS 
(Soil-Agg1·egate Mixtures) 

:rranularstabiliz d 1·oadsare tho e which 
have been made usable in all weather by 
meu.ns of a mixture of. oil nnd aggregate. 
They may or may not have a. bittuninou 
cover as traffic and weather may requ~re. 

Common Knowledge of Soil 

The t.abilized soil road has not com
pletely emerged from the realm of research 
11.nd yet because of i potential advantages 
it is called upon to play a mo t important 
part in the nation'· war effort. Rapid 
expan ion, due to the present emergency, 
of agencies conce1·ned with its use ha ud
denly thrown upon many engineers the 
responsibility of directing work according 
to specifications which include terminology 
and test data. limit en_tirely familiar nly 
to a relatively f w who have had the oppor
tunity of delving xtensively into the study 
of oil. 

On the other h nd, close and more or le 
continuou · contact with oil in everyday 
life has furnished almost veryone with 1\. 

fund of knowledge on it perfonuance, 
which is directly applicable in the coi truc
tion of the o-caJled tabilized road. 

It is, therefore pertinent to recall points 
of contact between common knowledge on 
oil, and the technical aspects of if use a 

an engineering material in road con• 
strnction. 

What is Soil Stabilization? 

The word II tabiliza~on" in connection 
with road work hus been used rather loo ely 
and at lenst in ome in t.anc has ug ested 
complex and mysterious proces es. As 
generally a.ccepted, however, it conveys a 
definite id a without much need for special 
definition. imply stated a stabilized fill, 
subgracle, road uxface or Toad ba i one 
that will tay put, and stabilization is the 
process by which it has been made 
that way. 

In practice n11tive .fine soil may be 
stabilized by the addition of coarse granu
lar material (nggr gate), naturolly occur-
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ring granular material may be stabilized 
by the addition of plastic soil, or a suitable 
mixtme of soil and aggregate may be 
prepared and placed on the road. 

Simila,r methods may be used to pre
pare 'tnble foundations for any type of 
pavement. 

Granular Stabilized Roads Illus
trated 

The granular stabilized road is by far 
the oldest and most commonly used type. 
Consider a path in any garden or a road 
on any farm. If in wet weather the path 
or road beeome muddy, it is customary 
for the housewife or farmer to apply some 
kind of readily available granular material 
such as ashes, cinders, sand, gravel or 
crushed rock. These applications are, as 
a rule, continued until the path or road 
becomes u able under all weather con
ditions. 

On the other hand, if the natural soil 
is very loose and sandy, small addition.) 
of clay soil over a period· of time would 
likewise have produced a satisfactory path 
or road. These two simple procedures 
involve all the underlying principles of 
granular soil stabilization. They may be 
termed the "cut and try" methods. 

By this means, surfaces of appreciable 
thickness, having natural soil and granular 
material in the right proportion to produce 
the desired firmness or stability, have been 
imposed on the underlying soil. 

Recent Progress Concerns the 
Length of Time of Attainment 

Thus, it can be seen that the essential 
features of granular soil stabilization have 
long been utilized. The value of soil 
tests and specifications, which are of 
relatively recent origin, lies in the fact that 
by their use the stability, obtainable by 
"cut and try" methods ,.pver long periods 
can be secured with confidence during 
construction or shortly thereafter. 



STRUCTURE OF GRANULAR 
STABILIZED ROADS 

The road structure consists of two parts; 
the road surface and the foundation. 

Road Surface 

The road surface may consist of a granu
lar stabilized surface course with or without 
chemical treatment or of a granular sta
bilized base course also with or without · 
chemical treatment, covered with a bitumi
nous top . As defined here the road surface 
may also be called a pavement, although 
that term is not commonly used unless the 
rond urface i given n.n imperviou top. 

The rou.cl surface should have adequate 
tructural trength a thi i the component 

of the totol road struct\ll'e which has to 
withstand the complex stre ses produced 
by the wheel of velucle . The weight of 
the wheel at rest CA,USel • tre through 
the pavement-into th foundation- which 
tend to produce settlement or deformation 
of the loaded part of the pavement in a 
vertical direction. When the speed of the 
wheels in motion is being accelerated a 
horizontal shear is produced which tends 

·to push the top of the pavement backward. 
When the wheels are braked, a similar 
tendency is produced in the opposite direc
tion. Also rolling wheels produce vibra
tory or dynamic stresses which tend to 
destroy the bond between bituminous sur
facing and base course. 

The Road's Foundation 

The foundation may consist o.f the sub
gracle oil if uitnble in quality, q;r of the 
subgrude , oil coveJ'ed with a subbase, 
subgrade tl'entmen.t or blanket layer. 
Essentially the road's foundo.t ion mu t 
satisfy two requirements. It must be 
adequately resistant to vertical pressures 
and it must be of such character that the 
danger of detrimental volume changes due 
to climatic variations and moisture fluctua
tions will be eliminated. 

Distinction Between Parts of the 
Road Structure Helpful 

Making a distinction between the two 
principal parts of the total road structure 
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is helpful for two reasons. In the first 
place the material requirements of the two 
parts are different. For the road surface 
only materials which conform to more or 
less rigid specification requirements are 
suitable. For the protection of the sub
grade against detrimental climatic influ
ences, however, by subbase and blanket 
layers numerous materials have been found 
suitable. It is also desirable to make 
a distinction between surface and founda
tion from th~ vi wp int . of design to 
withstand wheel loads of different weights. 

MATERIALS 
Materials for use in granular stabilized 

roads are commonly classified as aggregate 
and oil. 

Aggregate is that part of a natural deposit 
or of a granular stabilized mixture retained 
on a No. 200 sieve. In a mixture it is 
called the granular fraction. 

Soil is a general term covering naturally 
occurring materials which contain some 
aggregate and a fine-soil fraction which 
provides the soil binder. That part pass
ing the No. 200 sieve is the fine-soil fraction. 

The significant parts of a soil-aggregate 
mixture for stabilized road use are the 
granular fraction and the fine-soil fraction 
consisting of silt and clay. 

Granu,lar Fraction. With the po ible 
exception f mica flakes o.nd peat particles, 
nil materials retained on the No. 200 ieve 
can be considered s,uitable granular ma
terial. In selecting the source considera
tion should be given to the durability of 
the material. 

Fine Soil Fraction. That portion of the 
material which passes the No. 200 sieve 
is responsible for the muddy condition of 
the path or road observed in wet weather. 
It consists principally of silt and clay. 

Silt includes the coarser grains of the 
fine soil fraction and can be readily dis
tinguished from clay by its grittiness if 
a tiny amount is placed in the mouth and 
bitten between the teeth. Silt alone can 
become very unstable when wet but does 
not produce a sticky mud. 

Clay particles are smaller than silt 
particles and give no sensation of grittiness 
when bitten. It is the clay particles which 



become cohesive when wet and, therefore, 
produce tenacious mud. 

In a stable soil mixture the granular 
fraction is assumed to furnish strength 
and hardness and otherwise to function 
much the same as aggregate in a cement 
concrete mixture. The silt functions as a 
filler to help seat the granular particles and 
the clay as a cementing medium to bind 
all the fractions into a strong durable mass. 

In practice we are concerned with ' two 
characteristics of the total soil-aggregate 
mixture; (1) the grading of the particles, 
and (2) the binding properties of the fine 
soil fraction . 

Tests and Their Significance 

For use in granular stabilization 
processes, particle grading is measured 
by sieve analyses, and the binding proper
ties of the fine soil fraction by the tests 
for liquid limit, plastic limit and plasticity 
index. The binding property tests are 
made upon that portion of a soil sample 
passing a No. 40 sieve. 

Sieve Analysis 

This test measures the relative amounts 
of various sizes of particles in the material. 
The gradation of the material controls the 
resistance to shear and abrasion which 
establishes the strength and hardness of 
the road surface. 

Liquid Limit 

In soil materials water can be present in 
three conditions (1) as a film adhering to 
the surfaces of the particles, (2) as capillary 
water and (3) as free water. The liquid 
limit is reached when the total water con
tent becomes large enough for free water 
to be present. For water contents below 
this limit materials capable of holding 
capillary water are plastic down to the 
water content at the plastic limit. Above 
the liquid limit the materials are consid
ered to be in a liquid state. Materials 
such as coarse sand that do not have spaces 
of capillary size are not plastic although 
they may hold water in the film phase. 
The liquid limit test measures the maxi
mum amount of water that the material 
will hold in the film and capillary condi-
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tions. A high liquid limit therefore indi
cates that the material will hold large 
amoui.1ts . of film and capillary water due 
to the presence of fine particles with large 
total surface area and capillary size voids. 
This condition tends to instability and 
sponginess. 

Experience has shown that values, as 
determined by the standard liquid limit 
test, of 35 for surface courses where a 
reasonable degree of capillarity is desired, 
and 25 for base courses for which very little 
capillarity is wanted should not be 
exceeded. 

Plastic Limit and Plasticity Index 

The plastic limit simply indicates the 
other end of the range in water content 
from the liquid limit, within which the 
binder material has plastic properties. 
The significant figure is the plasticity 
index which is the difference between the 
liquid and plastic limits. It is an index 
of the cohesive power of the material and 
also of its flowability under pressure. 
A low plasticity index indicates low cohe
siveness and a high index a tendency to 
instability when wet. It is obvious there
fore that the optimum value will depend! 
upon other properties of the mixture such 
as angularity of particles, grading, and upon 
whether the stabilized material is to be 
used in surface or base courses. 

Test Procedure 

A certain amount of testing is necessary 
for design of mixes and control of opera
tions. Fortunately, for this work, the test 
procedure is simple and elaborate labora
tory equipment is not required. Descrip
tions of the required tests with references 
to standardized methods are as follows: 

Sieve Analysis 

The size and grading of the particles are 
determined by sieve analysis. A weighed 
sample is first washed over a No. 200 sieve 
and the amount passing that sieve deter
mined. The portion retained on the No. 
200 sieve is then dried and separated into 
the sizes required by the specifications. 

The methods 'for the common sieve 
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analysis are well known and need not be 
repeated here. Appropriate standard 
methods of test are: 

"Sieve Analysis of Fine and Coarse 
Aggregates," American Association of 
State Highway Officials, T 27-42 and 
American Society for Testing Ma-
terials, C 136 - 39. . 

If a No. 200 sieve is not available an 
.approximate determination of the fine-soil . 
fraction may be made by a simple decanta
tion test as follows: 

1. The pan or vessel to be used in the 
determination shall be appro:,d.mately 9 
in. in diameter and not less than 4 in. deep. 

o. 
'"':»'* 

Percentage of fine soil fraction 

Original dry weight- weight after washing 
Original dry weight 

X 100 

5. If check determinatio11s are desired, 
the wash water may be evaporated to 
dryness, the residue weighed, and the 
percentage calculated from the formula: 

Percentage of fine soil fraction 

Weight or residue 
100 

Original dry weight X 

.>,, 0.3'!J37" 
1----,--------ljl___j 

T 

FrnuRE !-Grooving Tool 

2. The sample must contain sufficient 
moisture to prevent segregation and shall 
be th01:oughly mixed. A representative 
portion of the ample sufficient to yield 
approximately 500 g. of dried material, 
shall be dried to a constant weight at a 
temperature not exceeding 100°C. 

3. The dried llll1terial shall be placed in 
the pan and sufficient water added to cover 
the sample. The contents of the pan shall 
be agitated vigorously for 15 sec. and then 
be allowed to settle for 15 sec., after which 
the water shall be poured off, care being 
taken not to pour off any sand. This 
operation shall be repeated until the wash 
water is clear. The washed sand shall be 
dried to a constant weight at a tempera
ture not exceeding 1l0°C. and weighed. 

4. The results shall be calculated from 
the formula: 
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Liquid Limit 

The test for liquid limit is made upon 
the portion of air-dried so.il passing the 
No. 40 sieve. 

The liquid limit is defined as that water 
content, expressed as a percentage by 
weight of the oven-dry soil, at which the 
soil will just begin to flow when jarred 
slightly. :According to this definition, 
soils at the liquid limit haven very small 
but de.finite shear resistance which ma.y be 
overcome by the app~ication of little force. 
At the liquid limit cohesion in the soil is 
practically zero. 

The moist soil sample is plnced in a por
celain evaporating dish about 4-t in. in 
diameter, shaped into a smooth layer 
about f in. thick at.the center and divided 
into two portions by means of a grooving 
tool of. standard dimensions (Figs. 1 and 



2). The dish is held firmly -in one hand 
with the groove parallel to the line of sight 
and tapped lightly 10 times against the 
heel of the other hand. If the lower edges 

0/nded 501! Caire B,dore Tei/ 

5o/l Co,fe /1/ le r /e5f 
FIGURE 2-Diagram Illustrating Liquid 

Limit Test 

n 
more or less water, as the case may be, 
until the t,vo edges meet for a length of 
one-half inch after 10 blows have been 
struck. The water content is then deter
mined. This is the liquid limit. 

A mechanical device which is calibrated 
against the hand method just described is 
used in most laboratories. 

The standard methods of test are: 
"Standard Methods of Determining the 

Liquid Limit of Soils," .Amerfoan· 
Association of State Highway fficial , 
T 89 - 42, 

"Standard Method of Test for Liquid 
Limit of Soils," American Society of 
Testing Materials D 423 - 39. 

The liquid limits obtained by an operator 
of average experience and skill, using both 

, I 

FrGURE 3-Rolling of Soil Threads in Plastic Limit Test 

FIGURE 4-Crumbled Soil Threads Resulting from Plastic Limit Test 

of the two soil portions do not flow together, 
the water content is below the liquid limit. 
If they flow together before 10 blows have 
been struck, the water content is above the 
liquid limit. The test is repeated with 
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hand and mechanical methods,should check 
closely for identical soil samples. 

Plastic Limit 
The plastic limit test is also made upon 

the portion of the air-dried soil passing 
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TABLE 1. STATE HIGHWAY SPECIFICATIONS FOR PLASTICITY INDEX (PI) AND LIQUID LIMIT 
(LL) FOR HIGHWAY CONSTRUCTION 

Base Course 

Region and State 

Type and Treatment 
Max. 
PI or 
Range 

Max . 
LL 

Surface Course 

Type and Treatment 
Max. 
PI or 
Range 

Year 
Max. 
LL 

----------11---------- --- --- ---------- -- --- ---
NoRTH-EAf!T 

Vermont , .... .... , .. .. . 
Connecticut. .... .... .. . Rolled gravel 25 
Connecticut .. . .... . .. . . 
New York .. . .. . .. .. . .. 

Michigan. ....... .. .. . .. Stabilized gravel 1-6 · 25 
Michigan . . . . .. ........ . 
Michigan ......... ..... . 
Wisconsin .. ..... . . ..... Stabilized gravel 0-5 25 

Gravel 
Rolled gravel 
Traffic bound gravel 
Calcium chloride or ao-

di um chloride 
Bituminous stab. 
Chemical stab. 
Chemical stab. 
Stabilized gravel 

6-14 
8 
6 

6-14 

1-6 
5-9 
8-12 
0-5 

25' 
25 
35 

35 
35 
35 
25 

1936 

1940 
1939 

1942 

1941 
----------1-----------1--------1--- --------1--- --- --
llflD!)l,r;•E ... BT 

lli,nou,. _.. . ••• . • .. . • .• • Crnshed rock or gravel 6-14 35 1936 
In<liima......... .. . . ... Crus hed rock or gravel 6 25 1939 
Ohio ...... .. .... . ...... Oru.shed rock or gravel 0-6 35 Chemical stab. 4-10 35 1939 
Kent ucky .. .. ......... . GrU\•ol 1-3 PI+ Gravel 1-6 PI+ 1938 

" " TennilS!loo ... .. .... .. .. . Gravel 2-12 45 1938 
\".osf~irginir1. ..... .... Crushed rock or gravel 6-14 35 1935 
Vtrg,nll\ . .•.• . •• . . . . • •. Gravel 6 25 Gravel 4-9 35 1938 
J,forylnnd .. .. .... . ..... Gravel 6 1939 - ---- -----1-----------1----1----1-----------1---1- - -

SOUTH-EAST 
Mississippi. .. . ... .. , . . . 
Missis!!ippi . . . . .... . , , , , 
Alabama ... ..... ...... . 

North Carolina ....•... 
North Carolina . ...... . 
South Carolina .••.• . •• 
South Carolina ... .... . 
Georgia , .. . . . .. . ..... .. 
Georgia . . . .. , .. . , . .. . . 
Florida ... . ........... . 

Sand-clay, clay-gravel. 
semi-gravel 

Stab. clay calcium chlo-
rides 

Fine graded 
Coarse graded 
Fine graded 
Coarse graded 
Sand-clay, clay-gravel 
Chert 

8 
8 
6 

6 
6 

10 
8 

10 
6 

10 

25 
25 
25 

25 
25 
25 
20 
25 
25 
30 

Clay-gravel 
Semi-gravel 

Fine graded 
Coarse graded 
Fine graded 
Coarse graded 
Sand-clay. clay-gravel 
Chert 

15 
12 

6 
3-10 

10 
8 

10. 
6 

30 
28 

35 
35 
25 
20 
25 
25 

1940 
1940 
1939 

1939 
1939 
1939 
1939 
1942 
1942 
1941 ------ - ---1-----------1--- - --1----------·1--- - - --

NORTH-CENTRAL 
Minnesota . . . ~... .. . Crushed rock 
Minnesota . .. . . , •.• ... , Sand or gravel 
Iowa.... . . . .• , . . . . . . . Rolled stone, soil agg. 
North Dakota ......... Fine graded 
North Dakota . .... ,... Coarse ~raded 
South Dakota.......... Sand-clay. gravel 

Nebra.ska . . ............ Sand-clay 
Kansas ...... . ......... Sand-clay, crushed rock 

or gravel · 

8 
14 
6 

5-15 
5-10 
4-9 

10 
2-7 

30 
35 
25 
35 
35 

Crushed rock 
Sand 01· gravel 
Gravel, stone 

Clay binder added to 
gravel 

8 
12 
4-9 

15-35 

30 
35 
35 

1938 
1938 
1941 
1939 
1939 
1938 

1937 
1937 

----------1-----------1-----1----1----------- •-------
Sow n ·C>lN'rnAL 

Louisinn11 . . ..••.• 
Oklahoma ... . . .... .. . . 
Oklahoma •.........•.. 
Texns .. . . . .... .. ... .... . 
Texas .. . ... . . .. ....... . 

MOUNTAIN 

S11nd-11rnvcl--0lay 
Cru~hed rook , gravel, 

snnd olnv 
Cal ioho.bal1ull,b er. stoneb 
Gravelc 

Montana ............... Crushed rock or gravel 
Idaho .... , , ... . . , . . . .. . . Crushed rock or gravel e 
Tdnho..... . . . . . . . .. . . Crushed rock or gravel• 
Idaho ............. .,... Crushed rock or gravel• 
ldnho. .. .. . . .. .. . .. .. . . Crushed rock or grave!• 
Wyoin!ng........ ... ... Crushed rock or gravel 
Wyom11lg .•. . .... ...... Stabilized clay 
U!nlt. .. ... ... . . . . .. .• .. Crushed rock or gravel 

oloi:ndo ..... .. .... .. . 
Colornclo .... .... .. . . .. , 
Nevada.... ..... . .. . ... Gravel 
New Mexico ,, ..• ... . • , Crushed rook or gravel 

(3 in. m1>x.) 
Arizona.... ...... ...... Crushed rook or gravel 

6 
4-12 
4-12 
15d 
12d 

9 
9 
0 
6 
0 
6 
0 
6 

0-6 
6 

0-6 

25 
30 
30 
45 

30 
35 
40 
25 
30 
25 
30 
25 

25 -30 

Sand-gravel -clay 

Crushed rock or gravel 

Crushed rock or gravel• 
Crushed rock or gravel 0 

Crushed rock or gravel 
Crushed rock or gravel 
Sand-clay 
Gravel 
Crushed rook or gravel 

(l in. mnx.) 
Qrusbed rook or gravel 

4-10 

9 

9 
6 

6 
0-8 
0-8 
0 
6 

6 

35 

30 

35 
25 

30 
30 
30 
25 

1940 
1937 
1937 
1938 

1940 

1941 

1938 
1938 
1938 
1939 
1942 
1942 
1940 
1941 

1942 ----------:-----------1----1----1-----------1--- -----
PACIFIC I 

Oregon......... .. . . .. . . Crushed rock or gravel 0 35 Crushed rock or gravel 35 

• E~ potlii.ing consolidntion tllld provonU ng rtwclling. 
b 'l'ho mixLuro sl1nll uot oxcced 60 porconL soH binder (wot mothod) . 0 T ho mixt u ro &hnll not exceed -tO per co11 soil biudor (woL moruod) . 
d 'l'hreo vnlure nro slill being u,;od; ltowol'cr rccon~ obeorvnUons indicate that they are 2 or 3 points high. 
e 20 per cent passing the No. 40 sieve. 

g 

1942 



the No. 40 sieve. The plastic limit is 
defined as the water content, expressed as 
a percentage by weight of the· oven dry 
soil, at which the soil just begins to break 
into pieces when rolled into threads ! in. 
in diameter (Figs. 3 and 4). Soil which 
cannot be rolled into threads at any water 
content is considered nonplastic. 

The standard methods of test are: 
"Standard Methods of Determining the 

Plastic Limit of Soils," American 
Association of State Highway Officials, 
T 90- 42, . 

"Standard Method of Test for Plastic 
Limit and Plasticity Index of Soils," 
American Society for Testing Ma
terials, D 424 - 39. 

Plasticity Index. The plasticity index 
is defined as the difference between the 
liquid limit and the plastic limit. It is 
the range of water content through which 
the soil is plastic. When the plastic limit 
is equal to or greater than the liquid limit, 
the plasticity index is reported as zero. 
When the plastic limit cannot be deter
mined, the plasticity index may be desig
nated by the letters NP (nonplastic) to 
indicate that the soil is entirely lacking 
in plasticity. 

Mixtures for Different Purposes 

Both from the requirements in the sec
tion on Rec'ommended Practice for Ma
terials and Mixtures and the data in 
Table 1 it will be noted that many materials 
with characteristics suitable for surface 
courses are not suitable when covered or 
sealed with bituminous surfaces, or when 
used as base courses. Both surface courses 

10 

and bases must have the inherent stability 
requisite to support the superimposed 
loads without detrimental deformation, 
Surface courses must withstand the abra
sive action of traffic, should shed a large 
proportion of the rain which . falls upon 
the surface and should have sufficient 
capillarity to replace moisture lost by sur
face evaporation. Base courses in contrast 
are protected by a cover which takes the 
abrasion, sheds rain and prevents evapo
ration. 

It has been observed repeatedly that 
granular mixtures which served excellently 
as surfaces, have failed when covered by 
an impervious layer. Also mixtures too 
porous to give the best service as surfaces 
have been excellent when given a bitumi
nous wearing course. 

) 

The reason for this is that the presence 
of clay is required in surface c.ourses for 
the retention against evaporation of the 
amount of water necessary for stability. 
This same amount of clay, however, if 
present in base courses where evaporation 
from the surface is prevented by bitumi
nous tops may swell and soften with 
resultant total failure of the road. There
fore, less clay, as a rule, should be used · 
in bases than is needed in surface courses. 
The amount of clay in the mixture will be 
controlled by the character and quantity 
of the binder soil used. 

Desirable characteristics of mixtures are 
indicated by plasticity indexes as follows:
For base courses not more than 6; for sur
face courses-4 to 9; for sub-bases not 
more than 15. Materials with plasticity 
indexes from 4 to 6 are suitable for all of 
these purposes. 
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RECOMMENDED PRACTICE FOR MATERIALS AND MIXTURES 
FOR GRANULAR STABILIZED ROADS 

Scope 

1. This recommended practice covers the 
materials and mixtures for granular sta
bilized road surfaces and base courses. 
The recommendations are based upon the 
standard specifications of the American 
Association of State Highway Officials1 

and the American Society for Testing Ma
terials .2 

Surface Course Materials 

2. Sieve Analysis 

Type A-Sand Clay Mortar 
Passing Percentage by Weight 

1-inch sieve..... .. ......... 100 
No. 10 sieve ..... . .......... 65-100 

The following grading is suitable for 
material passing the No. 10 sieve. 

Passing Percentage by Weight 

No. 10 sieve................ 100 
No. 20 sieve .. . .. . . . .. . . . . .. 55-90 
No. 40 sieve ........ . .. . . . . . 35-70 
No. 200 sieve........ . .. .... 8-25 

Type B-Coarse Graded Aggregate (Gravel, 
Crushed Stone, Slag) 

Passing Percmlage by W<ighl 

1-inch sieve.. .. .. ...... . . . . 100 
!-inch sieve .. .. .. ... . ... ... 85-100 
i-inch sieve ... .... . ... ..... 65-100 
No. 4 sieve ... ........ .. .. . . 55-85 
No. 10 sieve ...... .. . .... ... 40-70 
No. 40 sieve .. ........... ... 25-45 
No. 200 sieve ......... . . . ... 10-25 

NoTE: With mixtures composed pre
dominately of angular particles a higher 
percentage passing the No. 10 sieve is 
desirable than when the material is com
posed of rounded particles. 

3. Characteristics of Material Passing the 
No. 40 Sieve for Surface Courses. The 
plasticity index should be not less than 
4 nor more than 9, the liquid limit should 
not exceed 35; and the fraction passing the 
No. 200 sieve should be less than two
thirds of the fraction passing the No. 
40 sieve. · 

, A.A.S. l:f .O., Standnrd pcoiflcn~ions for )lnlorinls 
for St:ibilir.ed Ba..,o Coumo. Jlf SO - 42. A.A.S.l:f.O. 
Standard Spooificnt,iona for Mntcrials for t<ibiluod 

urlnoo Cours , M 01 - 42. 
: A.S.T.M. Tcntntivo Spooilicntion'J for Uutorinl$ for 

St..bitif.ed Bnso Courso, D 560 - 40 'I'. A . • T.M. 'l'en
tntivo Sp!)Oilications for Mntorials for Stabilized Surface 
Course, D M7 - 40 T. 
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Base Course Materials 

4. Sieve Analysis 

Type A-Sand-Clay Mortar 
Same ns for Type A Road Surfoce 

Type B-Coa.rse Graded Agi;regate (Gravel, 
Crushed Stone, Slag) 

I-inch I 2-inch I 3-inch 

Passing 
Max. Max. Max. 

Percentage by Weight 

3-inch sieve ...... . . 100 
2-inch sieve .. .... . . 100 65-100 
1 !-inch sieve ....... 70-100 
1-inch sieve .. .... . . 100 55-85 45-75 
!-inch sieve .. ..... . 70-100 50-80 
!-inch sieve . .. .... . 50-80 40-70 30-60 
No. 4 sieve .... ..... 35-65 , 30-60 25-50 
No. 10 sieve . ....... 25-50 20-50 20-40 
No. 40 sieve . .. ..... 15-30 10-30 10-25 
No. 200 sieve .... ... 5-15 5-15 3-10 

5. Cluiracleristics of 11'laterial Pa~sing th 
l\ o. 40 Sieve for Base Courses. The plas
tiicity index bould not exceed 6, the 
liquid limit shou]d not exceed 25 and 
the fraction passing the No. 200 sieve 
should preferably not exceed ! and in no 
case j of the fraction passing the No. 
40 sieve. 

Suh-Bases 

6. Type A-Drainage layers or substi
tute blankets to the depth affected by 
frost for naturally silty soils which become 
unstable due to frost or subsequent thaw. 

Characteristics: on-plastic granular ma-
1:erial with not more than 8 per cent passing 
the No. 200sieve. 

7. Type B-Subbase on soils of low sup
port and treatments on plastic soils (plas
ticity index greater than 15) which are 
subject to detrimental volume change. 

Characteristics: Same as Type A subbase 
and also materials which have more than 
65 per cent retained on the No. 200 sieve 
together with a maximum liquid limit of 35 
and a maximum plasticity index of 15. 
Also, in locations not subject to detri
mental frost, any material with a maximum 
liquid limit of 40 and a plasticity index 
not greater than i the liquid limit is 
suitable. 



Tolerances 

8. The purpose of the foregoing recom
mendations is to produce well graded dense 
surface courses and well graded base 
courses, which have stability enough to 
remain intact under normal service condi
tions and at the same time be free from 
the possibility of softening under extreme 
climatic and unfavorable moisture con
ditions. 

However, all road locations are not 
subjected to unfavorable climatic, ground
water and drainage conditions. Also many 
local materials have superior qualities 

in stabilization processes and on any partic
ular job the specifications must be based 
upon the characteristics of th~ available 
local materials. 

Among the local materials which either 
meet the requirements for granular type 
base or surface courses, or can be made to 
meet them by the addition of relatively 
small amounts of either fine or coarse 
material are: topsoil (as found in certain 
localities in southeastern United States) 
sand-clay, sand-clay-gravel, sand-gravel, 
crusher run quarry products, blast furnace 
slag, limerock, caliche, chert, volcanic 

TABLE 2. GOOD BASE MATERIAL INDICATED BY ACCELERATED TRAFFIC TESTS OF THE 
PUBLIC ROADS ADJIIINISTRATION• 

Test section .. . ... ... ... , . . ,.,.,,, I 2 3 4 5 6 7 I 8 9 

Percentage Passing 

Grading: 
Passing 1-in. sieve . ... . . ... . . ... , 100 100 100 100 100 100 100 100 100 

i-in. sieve .. .. ..... ,, . .. 98 98 95 98 96 92 100 100 99 
No. 1J siovo . .. H •• • • • • •• 75* so• 66* 76* 79• 67* 98 65* 81* 
No. 10 oievo .... ... . . ... 62* 69* 57* 65* 66 59 55 35 64* 
No. 40 Rieve ... . .. . . . . .. 40* 46* 37* 40* 45* 41 * 25 19* 37* 
No. 200 sievo . .... ...... 23* 24* 18* 23* 25* 22• 12 5* 12 

Dust ratiob .. .. . .. ... .... . .. . . , . , . 0.58* 0.52* 0.49 0.58* 0.56 0.54* 0.48 0.26 0.32 

Tests on material passing 
No. 40 sieve 

Liquid limit . .. . .. ... .. . .. . . .. 17 17 18 18 17 14 14 27* 28* 
Plasticity index . ............. 2 0 0 3 2 0 2 0 0 

Chemical admixture .. ........... CaCI, CaCl, CaCI, NaCl None None None None Hydrated 
lime 

Chemicml surfllco trontmont ..... , CaCl2 CaCh 
DeMlty nt cud of tos t,, lb. por 

cu. ft ... . . .. .. ... . ... . ... .. . .. 142.2 130.4 141.9 14A.4 141.4 130.2 )31.3 131.8 107 .0 

• Denotes percentages outside of recommended specification limits. 
• E. A. Willis and C. A. Carpenter, "Studies of Water-Retentive Chemicals as Admixtures with Nonplastic Road 

Building Materials," Public Roads November 1930. 
b Ratio of material passing No. 200 sieve to material passing the No. 40 sieve. 

which are not reflected by the grading 
and plasticity tests. 

It has been demonstrated by experience 
that materials which conform to the fore
going recommended requirements will pro
duce the desired result, but on the other 
hand many which fall outside the recom
mended specification limits have been found 
suitable under particular local conditions. 

Granular type stabilization practice is 
not a matter of writing a specification and 
then shipping material in conformity with 
that specification from whatever distance 
and at whatever cost is necessary. It is 
rather a problem in making satisfactory 
use of the material immediately at hand. 

A great variety of materials may be used 
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cinders, burnt shale, and many others of 
purely local occurrence. 

The best guide to satisfactory practice 
lies in local experience with the available 
materials and since granular stabilization 
has been used in practically all regions in 
the United States data are available nearly 
everywhere upon which to base design 
and specifications. 

In Table 1 are given the specifications 
for liquid limit and plasticity index for 
materials which have been found suitable 
by the various State and county highway 
departments. Many of these specifications 
depart from the plasticity requirements 
recommended in this report. 

In Table 2 is given a tabulation of base 



course materials which vary from the 
recommended specification requirements 
principally with respect to grading but 
which gave satisfactory performance in 
circular track tests. 

Simplified Examination 

9. Samples prepared for use as guides 
may assist in the selection of soil-mixtures 
which have the desired properties. Com
parison of such model samples with other 
materials by manual examination may be 
especially helpful under emergency condi
tions when testing facilities are not 
available. 

If a sample of well-graded moist material, 
with particles coarser than about one
quarter inch excluded, is squeezed in the 
hand, the following characteristics will be 
noted: (a) The soil is extremely gritty; 
(b) it can be formed into definite shapes 
that retain their forms even when dried; 
(c) if the clay alone adheres to the hands, 
it will only be enough to discolor them 
slightly; (d) if more than enough soil to 
discolor the hands adheres to them, it 
will consist of both sand and clay instead 

,1 1. , of clay alone; (e) when the moist sam-
ple is patted in the palm of the hand it 
will compact into a dense cake that cannot 
be penetrated readily with a blunt stick 
the size of a lead pencil; (f) If the moist 
sample is compacted into a container and 
allowed to dry it will show little or no 
shrinkage. 

The grittiness of the sample indicates 
sufficient granular material. Development 
of some strength on drying indicates suf
ficient binder soil. Resistance to the pene
tration of the pencil or stick, even when 
the sample is thoroughly wetted, indicates 
desirable interlocking of the grains and a 
sufficient amount of capillary force. 

Too much sand would cause the sample 
to fall apart when dried. Too much clay 
would leave the hand muddy after the 
moist sample was squeezed, and would 
cause the moist sample after being patted 
to offer little resistance to the penetration 
of the stick, and would cause excessive 
shrinkage of the sample on drying. 

******* 
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COMBINING MATERIALS 
Unless the ·native material in place on 

a road after grading is a naturally stable 
mixture it is necessary to combine two or 
more materials from different sources in 
order to secure the desired result for the 
purpose at hand, whether surface course, 
base course or sub-base. There are four 
conditions which will be met although the 
processes of designing are essentially the 
same. These are: adding aggregate to the 
native soil in place; adding soil or soil fines 
to native material not sufficiently cohesive; 
proportioning mixtures of soil and aggre
gate for plant mixing and adding non
cohesive material of the proper composition 
to a surface course to be revamped for 
use as a base. 

The first part of the problem will consist 
in finding a nearby source of material 
which can be combined with material in 
place on the graded road or with another 
material to produce a mixture which will 
be within the specified limits for liquid 
limit and plasticity index of that portion 
finer than the No. 40 sieve, and in so far 
as practicable within the specified grading 
limits. If the county in which the road 
project is located has been mapped for 
soil classification by the U. S. Bureau of 
Soils, sources of binder soil can be quickly 
located by consulting the soil map. 

Having selected the materials it will 
then be necessary to determine the relative 
proportions in which they are to be mixed. 
The solution may be approached in three 
ways. One is to combine the materials 
so that the plasticity index of the mixture 
may be expected to be within the allowable 
range. It will then be necessary to make 
up a combined sample and test it to 
determine if the PI is as expected, if the 
liquid limit is within the allowable limits 
and if the grading is reasonably close to 
the specified limits. Another method is 
to combine the materials so that the grad
ing is within the specified limits and then 
test a sample of the combined mixture to 
see if the LL and PI are satisfactory. The 
third method is simply to make trial mixes 
until a satisfactory one is secured. 

These are all really trial and error meth
ods but the first two have the advantage 
of offering guidance which may shorten 
the work. Experts may have no difficulty 



in using the third method and hitting 
upon a satisfactory mix on the first or 
second try. 

The first two methods may best be 
described by illustrative examples. 

Combining for Plasticity Index 
Assume that a rather coarse material 

in place is to be stabilized for a surface 
course by the addition of binder soil. The 
characteristics of the materials to be 
combined, the specification limits and the 
mixture arrived at by the following de
scribed procedure are shown in Table 3. 

TABLE 3 

Percentage Pa .3ing Sieves 

Sieve Size Road 
Mater- Binder Specifi- Mixture 

ial cation 

- - --- - -
1 in .... . . .. ... 100 100 100 100.0 
a • 90 100 85-100 91.5 • 1n .... ....... 
% in .. .. .. .... . 75 100 65-100 78.5 
No. 4 .. . . . . ... 60 100 55-85 65.6 
No. 10 .. . .... . 40 100 40-70 48.4 
No. 40 . .. ..... 28 99 25-45 37.9 
No. 200 .. ..... 6 70 10-25• 15.0 

Liquid Limit .. 23 38 <35 
Plasticity 

5 Index .. .. .. . 0 14 4--9 

• The frnction passing the No. 200 sieve 
should be less than j of the fraction passing 
the No. 40 sieve. 

It is apparent that the more binder is 
added the great~r will be the PI; hence in 
order to keep the amount of material to be 
hauled and added as low as possible it 
will be desirable to work t9ward a PI 
for the mixture near the lower limit. As
sume the desired mixture PI = 5. 
(]The Michigan State Highway Depart
ment has devised a solution for this 
problem3 as follows: 

Percentage of binder soil to add = K X 
R X percentage of road material passing 
the No. 40 sieve. 
R=l 

% of binder soil retained ou No. 40 sieve 
+%of binder soil passing the ro.'10 sieve 

In this case R = 1 + 
9
1
9 

= 1.01. 

• D. R . Downey, "Soil Control iii Consolldt1tod 
Maintonnnce," P rl)(Udings, Highway Research Board, 
Vol. 21, p. 311 (1941 ). 
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K is a conversion factor depending upon 
the PI of the binder, the PI of the road 
material and the PI desired for the mixture. 

Values of Kare given in Table 4. 
From Table 4, for PI of road material 

0, PI of binder 14 and PI of mixture 5, 
K = 0.56. 

Substituting in the formula for the 
material in Table 3; Binder soil to add = 
0.56 X 1.01 X 2s· = 15.83%. Hence we 
find th:.tt approximately 16 per cent of 
binder soil based on the weight of aggregate 
A must be added for stabilization purposes. 
The blend for the stabilized mixtUl'e will 
therefore be in the ratio of 100 parts of A 
to 16 parts of B and the mix will be 86 
per cent of road material A pl~s 14 per cent 
of binder soil B. 

Applying these factors to the percentages 
of road material and binder pas ing each 
ieve and adding them we find that the 

sieve analysis of the mixture should be as 
shown in the last column of Table 3. For 
instance, the amount of the mixture to 
pass the No: 40 sieve would be 0.86 X 28 + 
0.14 X 99 = 37.9%. 

It is seen that the presumptive sieve 
analysis of the mixture falls within the 
specification limits. Also the fractior. 
passing the No. 200 sieve is less than two
third of that pu ing the No. 40 sieve 
which complie with that requirement of 
the specification. 

It only remains to make sieve analysis, 
liquid limit and plastic limit tests on a 
sample of the materials combined in the 
relative amounts thus determined. If 
larger variations from the specification 
limits than should be allowed are found and 
checked it will be necessary to try again 
with new assumptions based upon this 
experience, and so on until a mixture in 
reasonable compliance with the specifica
tions is found. The section on Tolerances 
on page 12 should be studied in this 
connection. 

Although this illustration covers a com
bination of a road material with a binder 
soil and the factors in Table 4 are so 
labeled, the method may be used for the 
combining of any two materials having 
plasticity characteristics covered by the 
table. 

) 



>--
0, 

P. I. of 
binder 

soil 

0 1 
- -- ----

lO 2.33 2.00 

11 1. 75 1.50 
12 1.40 1.20 
13 1.17 1.00 
14 1.00 0.8fi 
15 0.88 o. 75 

16 0.78 0 . 67 
17 0.70 0.60 
18 0.64 0 .55 
19 0.58 0.50 
20 0.54 0 .46 

21 0.50 0. 4& 
22 0.47 0.40 
23 0.44 0.38 
24 0.41 0.35 
25 0.39 0.33 

26 0 .37 0 .:12 
27 0.35 0.30 
28 0.33 0.29 
29 0.32 0.27 
30 0 .31 0 .26 

31 0.29 0 .25 
:l2 0 .28 0.24 
33 0.27 0.23 
34 0 .26 0.22 
35 0.25 0 .21 

36 0.24 0.21 
37 0.23 0. 20 
38 0.23 0.19 
39 0.22 0 .19 
40 0.21 0.18 

A. 

' ..... 

TABLE 4. DESIGN CHART FOR STABILIZATION OF LOOSE FLOATING COVER 
Conversion Factor (K) for Various Mix and Road Materi.e.l Plasticity Indexes for 10 to 40 P. I. Binder Soils 

Desired plasticity of mix 

P. I.= 7 P . I.= 6 P. I.= 5 P. I. = 4 P. I.= 3 

P. I., Road Material P. I., Road Material P. I., Road Material P. I., Road Mat. P. I., Road 

2 3 4 5 6 0 1 · 2 3 4 5 0 I 2 3 4 0 I 2 3 0 I 2 
- - -- - - -- ---- - - -- - - -- - - - - - - - - - - - - -
1.67 1.33 1.00 0.67 0.33 1.50 1.25 1.00 0. 76 0 .50 0.25 l.00 0 .80 0.60 0.40 0.20 0.67 0.50 0.33 0.17 0.43 O.Z9 0.14 

1.25 1.00 0.75 0.50 0.25 1.20 1.00 o.so 0.60 0.40 0.20 0:6{ 0. 67 0.50 0.33 0.17 0 .57 0.43 0.29 0.14 0.38 0.2.5 0.13 
1.00 0. 80 0,60 0.40 0.20 1.00 0.84 0. 67 0.50 0.33 0 . 17 0. 72 0.67 0.43 0 .29 0.14 0.50 0.38 0.25 0.13 0. 33 0.22 0.11 
0 .84 0 . 67 0.50 0.33 0.17 0 .86 0.72 0.57 0.43 0.29 0.14 0 .63 0.50 0.38 0.25 0.13 0.44 0.33 0.22 0.11 0 .30 0.20 0.10 
0.72 0 .57 0 .43 0 .29 0.14 0 .75 0.63 0.60 0.38 0.25 0.13 0. 56 0 .44 0.33 0.22 0 .11 0.40 0 30 0.20 0 10 0.27 0.1 ~ 0.09 
0.63 0.50 0.38 0.25 0 .13 0 .67 0.56 0 .44 0.33 0.22 0.11 0.50 0.40 0.30 0. 20 0.10 0.36 0 27 0 .18 0.09 0. 25 0.17 0. 08 

0.56 0.44 0 33 0.22 0.11 0.60 0.50 0.40 0.30 0.20 0.10 0.46 0 .30 0.27 0.18 0.09 0 .33 0.25 0.17 0.08 0.23 0.15 0.08 
0 .50 0.40 0.30 0.20 0 .10 0.55 0.46 0.36 0 .27 0.18 0 .09 0.42 0.33 0 .25 0.17 0 .08 0.31 0. 23 0. 15 0 .08 0 .21 0. 14 0.07 
0.46 0 .36 0.27 0.18 0.09 0.50 0.42 0 .33 0 25 0.17 0 .08 0 .39 0.31 0 .23 0.15 0.08 0.29 0 .21 0. 14 0 .07 0 .20 0.13 0.07 
0.42 0.33 0.25 0.17 0.08 0.46 0.39 0.31 0.23 0. 15 0.08 0 .36 0.29 0 .21 0 .14 0.07 0 .27 0.20 0. 13 0.07 0.19 0.13 0. 06 
0.39 0.31 0. 23 0.15 0.08 0.48 0.36 0.29 0. 21 0.14 0.07 0. 33 0.27 0.20 0 .13 0.07 0.25 0.19 0. 13 0.06 0. 18 0.1 2 0.06 

0.36 0.29 0. 21 0.14 0.07 0 .40 0 .3~ 0.27 0 .-20 0 .13 o.~ 0. 31 0.25 0.19 0.13 0 .06 0.24 0.18 0 .12 9.06 0.1 7 0.11 0 .06 
0 .33 0.27 0.20 0.13 0.07 0. 38 0. 31 0.25 0. 19 0.13 0. 0.29 0 .24 0 .18 0 .12 0 .06 0.22 0.17 o.u 0.06 0 .16 0. 11 0.05 
0.31 0.25 0 .19 0.13 0.06 0.35 0.29 0.24 0.18 0. 12 0.06 0.28 0.22 0.17 0 .11 0.06 0.21 0.16 0. 11 0.05 0. 15 0 .10 0 .05 
0.29 0.24 0 .18 0.12 0.06 0. 33 0.28 0.22 0.17 0.) 2 0.06 0. 27 0 .21 0.16 0.11 0.05 0 .20 0.15 0.10 0.05 o.u 0. 10 0.05 
0 .28 0.22 0.17 0.11 0.06 0 .32 0.27 0.21 0.16 0 . 11 0.05 0.25 0. 20 0.15 0.10 0.05 0 .19 0.14 0. 10 0.05 0. 14 0.09 0.05 

0 .27 0 .21 0 .16 0.11 0 .05 0.30 0 .25 0. 20 0.15 0. 10 o.os 0.24 0.19 O. H 0 .10 0.05 0.18 0 .14 o.ro 0 .05 0.13 0.09 0.04 
0.25 0. 20 0.15 0.10 0 .05 0.29 0.24 0.19 O.H 0. 10 o.os 0.23 0. 18 0. 14 0.09 0.05 0.17 0.13 0.09 0.04 0. 13 0.08 0.04 
0.24 0.19 0.14 0.10 0 .05 0.27 0.23 0. 18 0. 14 0.09 0.05 0.22 0.1'7 0.13 0.09 0.04 0 .17 0.13 0.08 0.04 0.12 0.08 0.04 
0 .23 0.18 0.14 0.09 0.05 0.20 0.22 0.17 0.13 0.09 0.04 0.21 0.17 0.13 0.08 0.04 0. 16 0.12 0.08 0.04 0. 12 o.os 0.04 
0 .22 0.17 0.13 0.09 0.04 0.25 0.21 0 .17 0. 13 0.08 0.04 0.20 0.16 0.12 o.os 0.04 0.15 0.12 0 OS 0 .04 0.11 0.07 0.04 

0.21 0.17 0 .13 0.08 0.04 0.24 0.20 0 .16 0.12 o.os 0 .04 0 .19 0. 15 0 .12 0.08 0.04 0.15 0.11 0.07 0.04 0 .11 0.07 0. 04 
0.20 0 .16 0.12 0.08 0 .04 0 .23 0.19 0. 15 0 .1 2 0.08 0 ,04 0. 19 0. 15 0.11 0.07 0.04 0 .14 0.11 0.07 0.04 0.10 0.07 0.04 
0.19 0 .1.5 0.12 0.08 0 .04 0.22 0.19 0.15 0.11 0.07 0 .04 0 .18 0. 14 0.11 0.07 0.04 0.14 0.10 0.07 0.04 0.10 0.07 0.03 
0.19 0.15 0.11 0.07 0 .04 0.21 0.18 0. 14 0.11 0.07 0 .04 0.17 0. 14 0.10 0 .07 0 .04 0 .13 0.10 0.07 0 .03 0.10 0.07 0.03 
0 .18 0.14 0 .11 0.07 0 .04 0 .21 0.17 0. 14 0. 10 0. 07 0.04 0. 17 0 .13 0.10 0.07 0.03 0.13 0 .10 0.07 0 .03 0 .09 0.06 0 .03 

0.1 7 0.14 0.10 0.07 0.04 0.20 0.17 0.13 0,.10 0 .07 0.03 O.IG 0.13 0.10 0.07 0.03 0 .13 0.09 0.06 0.03 0.09 0.00 0.03 
0.17 0.13 0.10 0.07 0.03 0.19 0.16 0.13 0. 10 0 .07 0.03 0. 10 0.13 0.09 0.06 0.03 0 .12 0.09 0.06 0.03 0 .09 0.06 0.03 
0.16 0 .13 0.10 0.07 0 .03 0.19 0.16 0.13 0.09 0.06 0.03 0. 15 0.12 0.09 0.06 0.03 0 .12 0 .09 0.06 0.03 0.09 0.00 0.03 
0 .16 0 .13 0.09 0.06 0 .03 0.18 0 .15 0 . 12 0.09 0 .06 0.03 0.15 0 .12 0 .09 0 .06 0 .03 0.11 0 .09 0.06 0 .03 o.os 0.06 0.03 
0.15 0.12 0.09 0.06 0.03 0.18 0.15 0. 12 0.09 0 .06 0.03 0.14 0. 11 0.09 0.06 0.03 0.11 0.08 o.oo 0.03 0.08 0.05 0.03 

Binder soil to be added (%) = KR X % of material in windrow passing No . 40 sieve, 

P. I . - 2 P . I .= 1 
-----
P . I ., R. P.I.,R. 

0 I 0 - - --
0.25 0. 13 0 : 11 

0 .22 o.u 0.10 
0.20 0 .10 0 .09 
0.18 0.00 o.os 
0.17 0.08 0.08 
0.15 0.08 0.07 

0.14 0 .07 0 .07 
0 .13 0.07 0.06 
0. 13 0 .06 0.00 
0. 12 0.06 0.06 
0.11 0.06 0.05 

0. 11 0 .05 o.os 
0. 10 0.05 0.05 
0.10 0.05 0.05 
0.09 0.05 0.().4. 
0.00 0.04 0.04 

o.os 0.04 0.0~ 
o.os O.Ot 0.04. 
0.08 0.04 0.04 
0.07 0.().( 0.0{ 
0.07 0.04 0.().( 

0.07 0.04 0.03 
0.07 0.03 0.03 
0.07 0.03 0.03 
0.06 0.03 0.03 
0.06 0.03 0.03 

0.00 0.03 0.03 
0.06 0.03 0.03 
0.00 0.03 0.03 
0.05 0.03 0.03 
0.05 0.03 0.03 



Combining Sieve Analyses 

In many cases the percentages of two 
materials to use to give a combined sieve 
analysis within specified limits can be 
readily determined by trial computations. 
For more extensive use methods devised 
by the Public Roads Administration and 
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direction, a movable paper scale, several 
pins represented by the black dots on the 
figure, and a fine thread looped around the 
pins. The fine thread is represented on 
Figure 5 by the lines connecting the pins 
and having sieve designations. 

The movable scale is a strip of cross 
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FIGURE 5-Graphical Method for Proportioning Two Soil Materials to Produce Specified 
Grading of Stabilized Mixture 

the Michigan State Highway Department 
are described as follows: 

Public Roads Aclministration Graphical 
Methocl4 

The proportioning of the materials by 
the graphical method is performed on the 
mechanical device illustrated in Figure 5. 
This consists of a drawing board on which 
is mounted a piece of cross section paper 
at least 10 in. long by 10 in. wide and 
having 10 divisions to the inch in each 

• Henry Aaron. "Stabilization Control on the Wash
ington Airport," Proceedings, Highway ResearchBoard 1 

Vol. 21. p. 515 (1941). 
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section paper having the same vertical 
scale as the fixed sheet. The limits of the 
specified grading are blocked off on this 
scale. A different movable scale has to be 
made for each grading band. 

The operation of this device may best be 
illustrated by a typical example. For 
convenience in following the procedure, the 
sieve analyses of gravel sample A and 
binder soil sample B which are to be com
bined are shown on Figure 5. The first 
step is to place pins along the vertical scales 
of the fixed sheet at points corresponding 
to the percentages passing the various 
sieves, on the left for the gravel and on 



tbe l'ight for the binder soil. Next, the 
eud of the fine thread is tied to pin A 
marking the percentage of gravel passing 
the r o. 200 sieve (2 per cent) n.nd tretched 
aero to pin B leJ ignating tbe percent e 
of binder soil passing the same ieve (53 
per cent) . The threud is then extended 
straight up along the binder soil scale to 
pin C, 1Lcross to pin D, up !\long the gravel 
sc:ile to pin E, across to piu F, and so on 
to pins G, H, I, J, K, L, ![, and ending a.t 
pinN. 

The movable sea.le is placed under the 
threads along the pins on the left side a.nd 
then moved to the right until the line 
(indicated by t he le! eclg of movable 
scale) is reached where the greatest number 
of thread cross within the limits specified 
for the corresponding sieve sizes marked 
on the scale. The iute1 ection of this line 
with th horizontal scale at the bottom 
of the sheet indicates the percentage of 
binder soil to be added to the particulai· 
sample of grnvel while the gradation of the 
mixtuxe produced by this combination 
is rea l on the vertical scale at the points 
where this line inter ect the lines formed 
by the clilferent segment of the threa i run
ning aero the sheet between the pins. 

Michigan State Highway Department Method 

The mtio of two g iven mater.ials required 
to approximate a specified grading of the 
mixture of the two may be calculated from 
the summations of the cli[erences between 
the desired grading and the gradings of 
materials A aJJ,d B respectively, i1 one of 
the two material is J:iner and one is coarser 
than the desired gracling.G The differences 
between the percentages J>nssing each sieve 
fo.r the specified grading and each of the 
two materials are calculated and added 
without respect to sign. The ratio of the 
two summations is the ratio desired. 

The pl'ocess may be best described by 
means of an illustrative example as follows: . 

Table 5 gives the gradings of the two 

• Wbonovor tho sio"o analyses of oither or both of 
tbc mnt.ctinls to bo blondod nro suoh Nmt both grnd ing:i 
in wholo or ln part nro ulthor 6nor or con.rsor Uum ebo 
desired combinntion gro.din,:, tho ratio computed by t~is 
method mny bo In error. J n those cnscs of 11nblllnncod 
or non-uni!orm efovo n.nruyaos it mR.y bo nece:ssllry tQ 
mi.so ·or lower tho rotio to £oouro n more anUJlfnotory 
result . H is best to anµ..ry tho ,irncling rcquircmont.s 
of t ho finer • io,·o frnotio"" nnd neglect Lhoso or tho 
conrser froction,i whcnovor mixt,11ros mu.st be used whioh 
will not meet tho desired grading rcrtuiromoi1ts on nil 

SiC\I , 
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materials A and B, the specified grading and 
the desired grading of the mixture. The 
grading which it is desired to approaoh as 
closely as possible is one falling witl1in the 
specification limits which is assumed to be 
atisfaotory. In the case shown it is taken 

as the avera"c of the specification limits 
except thiit the percentage passing the 

o. 200 sieve is taken as omewho.t less 
than the average in order to hold clown the 
amount of binder. 

TABLE 5 

µl 

" £1 
"' " .e :@ -:;;,,, o.9 < .. 

~ ·~ ~" 
Sieve C.,·01 oo "' ·-"' 

-0 ~ "~ ~~ JP. ;aP-i 
·g~ ~~ ~!ic 
0. 

1 VJ 

" A 
----.a. 

• 1n .. . . .•... 100 100 98 
3 • 00-85 73 65 8 1n .... ..... 
No. 10 . . .... 40-50 45 35 
No. 40 . ..... 20-35 27 25 
No. 200 ..... 10-18 10 10 

TABLE 6 

.78 A+ .22B 
Sieve 

t in ...... . . . 78 X 98 + .22 x 100 
i .. in ... . . . . . . 78 65 + . 22 X 98 
No. 10 ... .. . 78 35 + , 22 X 79 
No. 40 ... . . . 78 25 + . 22 X 15 
No. 200 .. .. , 78 10 + .22 X 1 

" ~< 
~I 

!!;iµl 
A 

-
2 
8 

10 
2 
0 
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100 
98 
79 
15 
1 
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:;; I 

~µl 

-
0 

-2 5 
4 -3 

12 
9 

80 

Desired 
Final Mix 
Mix from 
% Table 5 

= Pass- % 
ing Passing 

99 
72 
45 
23 
8 

100 
73 
45 
27 
10 

From Table 5 the summation of the 
difference between the desired grading 
nncl Materials A and Bi 22 for A a-nd 80 
fol' B. ccording to this .n'l.ethod, as t he 
Ratio A to l3 in the mix is to be as the 
ratio of the summations of the di:f!erence , 

~ = !~ or B = 3.64. A. That is, the 

proportions of these two materials for the 
final mixture will be 1 part of B to 3.64 
parts of A and the mixture will contain 

100 3.64 X 100 
4

.
66 

= 21.6 per cent of B and 
4

.
64 

or 78.4 per cent A. Applying these per-



centages to the sieve analyses of materials 
A and B we find the sieve analysis of the 
combined mixture which is shown in Table 
6 to be as close to the desired mix as may 
be expected. . 

Following . the determination of the 
presumptive grading of the mixture of the -
two materials a combined &ample should 
be prepared and tested for compliance with 
the, specifications, by tests for sieve analy
sis, liquid limit and plastic limit as before. 

Trial and Error Method 

The trial and error method consists iri 
assuming a certain percentage of binder soil 
to add to the coarser material and calculat
ing what the resulting mixture would' be. 
If this assumed percentage does not prove 
satisfactory other percentages are tried 
until the calculations indicate a suitable 
mixture. 

As with the other methods check tests 
should be made on a .sample prepared by 
combining the two materials in the deter
mined proportions. 

REVAMPING SURFACE COURSE 
TO FORM BASE 

It often happens that it is planned to 
place a bituminous cover on a stabilized 
road that has been in use for some time 
as a surface course. Unless the surface 
course was originally laid with this even
tuality in mind and hence consists of a 
mix suitable for . either purpose (see page 
10) it will usually be found that it is not 
satisfactory for a base. · 

In some cases of t hls kind it may be 
desirable to scarify the surface course, 
add granular materfol that will bring the 
combined mixture into compliance with 
base course requirements and then recon
struct according to the proper procedure 
for a base course;,in other cases it may be 
desirable t.o place a base course of proper 
thickness over the old surface. 

The methods for combining materials 
previously discussed are applicable. 

COMPACTION 
Compaction of the soil aggregate mixture 

is a vital part of the stabilization process. 
• To secure the desired result it is necessary 

that the surface, base or foundation be left 

in as compact a mass as possible. Com
paction is measured by the 'density of the 
mass. Density as such, however, is not 
the controlling factor, since density is 
affected not only by compaction but by 
the amount of fine material present . What 
is wanted is to have the proper mixture 
for the purpose compacted to as great a 
density as possible for that mixture. 

After all necessary care has been exer
cised to provide adequate foundations, to 
select and proportion suitable materials 
and to thoroughly mix them, granular 
stabilized roads must be properly com
pacted before it is advisable to cover them 
with bituminous tops. This required a 
judicious use of water and strict control 
of the rolling operations. The amount of 
water which will produce adequate com
paction varies with the character of the 
soil. Adequate compaction will generally 
produce a wmght per cubic foot equal to 
the maximum produced by the compaction 
test described hereafter. 

After compaction assurance of satisfac
tory results will be best if a seasoning 
period is allowed until about 40 per cent 
of the moisture has disappeared. 

It is high compaction that is l'equired 
as distinguished from lligh density. 
Courses even with high densities might 
be entirely unsatisfactory when surface 
treated on account of too much fine ma
terial, whereas, highly compacted but more 
porous materials with lower densities are 
.often entirely suitable. For densities 
attained in accelerated traffic tests on 
various base course mixtures see Table 2. 

Compaction Test 
· This test provides a measure of the 

maximum density that may be secured 
with a given granular stabilized mixture. 
It is made on a series of samples containing 
increasing amounts of water until a condi
tion is reached where additional · water 
causes a decrease in the density. 

Samples of the aggregate-soil mixture 
containing varying quantities of water 
shall be compacted in a cylindrical metal 
:mold6 by means of a metal temper having 

• The size of the metal mold shell accommodate the 
mnxhnum sizo nggrcgnto used in tho ngll'"ejll\W•SOil 
mixturo,. The slnndard Proctor 1\Iold, 4 in. 111 dlnm lcr 
nnd 44 in . hi,:h hns boon used successfully up to It in . 
mn.~imum sizo Q£grcgnto. 
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:a striking face 2 in. in diameter and weigh
ing 5! lb. The mixture shall be compacted 
in the cylinder in three equal layers, each 
layer receiving 25 blows of the tamper 
dropped from 1 ft. above the surface of 
the layer. The density of the compacted 
material shall be computed in pounds of 
dry materials per ctibic foot of compacted 
mixture. 

This apparatus is not applicable for 
-0.Jgregate larger than 1 ! in.; however the 
principal is the same and adjustments can 
be made in size of mold and tamper to 
secure similar results. 

Method of Determining Weight 
per Cubic Foot of Soil in Place1 

The density of a soil layer may be 
determined by finding the weight of a dis-
turbed sample and measuring the volume 
of the space•occupied by the sample prior 
to removal. This volume may be measured 
by filling the space with a weighed quantity 
of a medium of predetermined weight per 
unit volume. Sand, heavy lubricating oil or 
water in a thin rubber sack may be used. 
Except for the determipation of the weight 

rt ) per cubic foot of the medium, the three 
i; procedures are the same and therefore the 

one using sand will be described in detail. 
It is as follows: 

1. Determine the weight per cubic foot 
of the dry sand by filling a measure of 
known volume. The height and diameter 
of the measure should be approximately 
equal and its volume should be not less 
than 0.1 cu. ft. The sand should be 
deposited in the measure by pouring 
through a funnel or from a measure with 
a funnel spout from a fixed height. The 
mea:mre is filled until the sand overflows 
and the excess is struck off with a straight
edge. The weight of the sand in the meas
ure is determined and the weight per cubic 
foot computed and recorded. 

2. Remove all loose soil from an area 
large enough to place a box similar to 
the one shown in Figure 6 and cut a plane 
surface for bedding the box firmly. A dish 
pan with a circular hole in the bottom may 
be used. · 

3. 'With a soil auger or other cutting 

'Harold Allen, Public Roads, February 1942, p, 278. 
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tools bore a hole the full depth of the 
compacted lift. 

4. Place in pans all soil removed, 
including any spillage caught in the 
box. Remove all loose particles from the 
hole with a small can or spoon. Extreme 
care should be taken not to lose any soil. 

5. Weigh all soil taken from the hole 
and record weight. 

6. Mix sample thoroughly and take 
sample for water determination. 

7. Weigh a volume of sand in excess of 
that required to fill the test hole and record 
weight. · 

8. Deposit sand in test hole by means of 
a funnel or from a measure by exactly the 

FrnuaE 6--Soi l T1·ny fo1· Use with Post 
.{\.uger in Soil Density Determination. 

F-1·om Public Roads, February, 194.2 

same procedure as was used in determina
tion of unit weight of sand until the hole 
is filled n.lmo t flush with original ground 
surface. Brin, the sand to the ground 
level by iidding the last increments with 
a small can or trowel and testing with a 
straightedge. 

9. Weigh remaining sand and record 
weight. 

10. Determine water content of soil 
samples. 

11. Compute dry density from the fol
lowing formulas: 

Volume of soil 

weight of sand required to replace soil 
weight per cubic foot of sand 



Wet weight per cubic foot 

weight of soil 
volume of soil 

Dry weight per cubic foot 

wet weight per cubic foot 
= 

1 
per cent moisture 

+ 100 

TREATMENT WITH DELIQUES
CENT MATERIALS 

Some salts which have the property of 
dissolving themselves in water attracted 
from the air are useful in facilitating com
paction of soil-aggregate mixtures. These 
salts are called deliquescent, and the chlo
rides of calcium and magnesium are the 
ones which have been extensively used in 
granular stabilization. 

Both during construction and afterwards 
attainment of the high compaction essential 
for adequate stability cannot be secured 
without the presence of water. This mois
tme is customarily furnished by sprinkling 
soil-a.ggregate mixtures ·durill.g .the mixing 
and rolling ope.rations. Since deliquescent 
salts have the property of attracting and 
holding wate1· they may be used advl.ln
tageously to enhance and preserve the 
moistUl'e condition of the interior layers. 
At lea t 10 lb. of the delique cent salts 
should be used per ton of stabilized mixture. 
This facilitates compaction as was shown 
on circular track tests performed by the 
Public Roads Administration.8 For ade
quate compaction of base layers moistened 
with water, 60,000 revolutions of the 
pneumatic-tired wheels were required: for 
similar soil mixtures treated with 12 lb. 
of calcium chloride per cubic yard of 
sand-clay gravel only 18,000 revolutions 
were required. 

Surface Courses. There is generally 
enough clay in a surface course mixture 
to hold some of the moisture applied 
during construction for viuying lengths of 
time afterward. Then too, if the road 
surface becomes dry and du.sty a. deliques
cent salt may be applied at the rate of 
approximately 1.0 lb. per sq. yd. This 
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application should be made during periods 
of high humidity such as during early 
morning hours or after the surface has 
been dampened from sprinkling or from 
natural causes. In addition to alleviating 
the dust nuisance, such treatment a.id in 
maintaining a desirable moisture content 
in the interior of the layer. This is due to 
the affinity of the chemical for water which 
causes it to permeat,e downward through 
the capillary passages into the mass. If 
water is the dust alleviating medium it 
will not penetrate appreciably into the 
dense mass and consequently will . be 
quickly dissipated by evaporation. . 

Base Courses. There are two trouble
some items which require special attention 
in the production of satisfactory base 
courses. In the first place, as has been 
pointed out previously, less clay is per
mitted than in smface courses. 'fherefore, 
water applied during construction evapo
rates leaving the layers loose and dusty 
soon afterwa;rd. In the second place, satis
factory compaction must be obtained as 
soon as possible after construction in 
order that the placing of the bituminous 
top will not be unnecessarily delayed. 

A deli.q11escent salt applied during the t 
mixing OJ)erations and supplemented by · 
surface applications afterwards as needed 
affords three distinct benefits. (1) It 
will conserve enough moisture in the layer· 
to prevent raveling, which if it occurs, will 
eliminate the possibility of obtaining 
adequate compaction, (2) it will expedite 
the compaction process, and (3) the use of 
chemical treatment during tbe sea oniug 
peJ:iocl may caution against placing a. 
bituminous top on a mixture, w·hicl ·on
tains enough clay to produce ub ·equent 
failure. Should excess clay be present in 
the mix, it may be brought to the top of 
the road as a slick covering if the road is 
kept moist enough under traffic action. 
In such case, the excess clay can be re
moved or blotted up with granular material 
before the bituminous top is placed. This 
alone might mean the difference between 
the future success or failure of the road. 

Under present wartime conditions it is 
possible that in many instances bituminous 
materials for surface treatments may not 
be available and so the granular stabilized 
mixtures which were designed as base 
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courses must be used as surface courses for 
a considerable period. In such instances 
deliquescent chemicals applied on the sur
face as required will assist in preserving 
the base courses until such time as a protec
tion cover may be constructed. Where 
bases are low in binder it may be necessary 
to add fines in order for the deliquescent 
material to be effective. 

TREATMENT WITH SODIUM 
CHLORIDE 

Common salt (sodium chloride) is also 
used as an admixture in granular stabiliza
tion. Although this chloride has the 
property of attracting and holding water, 
it is not deliquescent and so its principal 
effect is in the retention of the mixing water 
during the compaction period rather than 
in attracting additional moisture as do 
the deliquescent materials. It also has the 
property of crystallization in the pores 
near the surface, which may enhance 
stability while inhibiting further penetra
tion of water, as well as retarding evapora
tion of the water already present. 

Sodium chloride is used with granular 
stabilized mixtures at a rate of 25 lb. per 

· t \ cu. yd. for either surface or base cow· es. 
· The salt should be thoroughly mix d with 

the granular materiat for the full depth of 
the treatment. 

ROAD THICKNESS 
The complex problem as to how thick 

granular stabilized roads or other flexible 
type pavements should be is not within 
the scope of this report. However, a 
survey was conducted by the Committee 
to find out what thicknesses of granular 
stabilized courses are now used by various 
State and County highway organizations. 

The results of the survey are given in 
Tables 7 and 8. In presenting the results 
it was assumed, in accordance with the 
introduction to this report that the total 
road structure consists of two parts; 
namely, the road surface and the founda
tion In the surface component are 
included the stabilized surface course or 
the combination of stabilized base course 
and bituminous top. In the foundation 
component are included subbases and 
blanket courses. 
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CONSTRUCTION METHODS 
The surface, base or sub-base should be 

constructed on a well compacted sub
grade, true to line, grade or cross section 
as desired. Any irregularities or non 
uniformities in the sub-grade will be re
flected in the finished surface. 

Local factors, such as availability of 
materials and equipment and the nature 
of the project will determine whether 
road or plant mixing methods of con
struction should be used in the surface, 
base or sub-base. 

Road Mixing 
This includes the mechanical mixing of 

the various constituents directly on the 
sub-grade or sub-base. 

Preparation of Binder-Soil: 

If the binder-soil is obtained from the 
roadway, shoulders, or slopes, or from a 
shallow pit of considerable area, it is ad
vantageous to remove the soil by blading 
it off in thin cuttings, which pulverize 
easily when dried: The binder-soil is 
then hauled onto the road, dumped and 
spread out to dry. As the binder soil 
dries, it is reduced by disking and rolling 
until 100 per cent passes the 1-iri. sieve 
and at least 80 per cent will pass the No. 4 
sieve. It is then windrowed to one side 
of the roadway. 

During periods of slow drying or when 
using wet and heavy binder-soil, the sub
division of the material may be greatly 
facilitated by placing a small amount of 
the graded aggregate over the binder-soil 
and disking. This operation not only 
reduces the size of the binder-soil, but 
also permits the incorporation of a con
siderable amount of the graded aggregate 
which will catJse more rapid drying and less 
crushing effort. The addition of water 
will facilitate the pulverization by slaking 
the dry lumps. 

Mixing, Watering and Compacting: 

After the graded-aggregates are hauled 
onto the road and windrowed on the 
sho.ulder and the proper proportions have 
been determined, the graded aggregates 
and binder soil should be thoroughly mixed 
and combined on the road before the full 



TABLE 7. CURRENT HIGHWAY PRACTICE IN ROAD SURFACE (BASE COURSE AND TOP) 
THICKNESS 

Thickness in Inches 

Section: State and County 
Total 

Range for Soil Type Remarks 

Range 
Al A2 Al M AS A6 A7 AS 

--- - - - -- -- -- --
NORTH-EAST 

Maine .... .... .. ... 12-36 
New Hampshire . . . 5 
Vermont . . . . . ... . . . 12-18 
Connecticut . . .. . . .. 7-9 7-9 Gravel 
Rhode Island ... ... 6-24 
Michigan . . .. ... . . . 5 

Huron .... . ... . . . 5 
Wisconsin ... .... .. . 3-9 3-6 3-6 3-6 6-9 9 6-9 9 

Rock .. . .. . ... . . . 5-14 
- - --- - --- - - - --

MIDDLE-EAST 
Illinois .... . ... . . . . . 7-12 7 7 7 7-12 7-12 7 7 

Cook .. .... . . .. . . 6-8 
Peoria ...... . .. . . 6-10 

Indiana . . ...... ... . 6, 9, 12 
DeKalb .. .. . ... . . 8 
St. Joseph .. . . .. . 6-8 
Vigo .... ..... .. .. 6 

Ohio ... ... .. . . . . .. . 6 6 6 6 6 
Summit . . . . ... .. . 5-7 

Kentucky ... .. .. . .. 3-12 
Tennessee . . . .. ..... 8 
West Virginia .. .... 5 
Virginia . . .. . ... .... 8 
Maryland .. . ... ... . 4-6 4 4 4 6 6 6 6 
Delaware . . . . .. ... . 6-16 

--'---
SouTH0 EAsT 

Mississippi. . . . . . ... 0-8 0 Q-8 Q-6 4-8 0 8 8 
Alabama .... . . . . ... 8 8 8 8 8 8 8 8 a 

Montgomery . . ... 8 mi~. 
North Carolina . . .. 6-9 
South Carolina . . . . . 5-8 
Georgia ......... ... 6-8 
Florida . ... .. . . .. ... 6-8 6 6-8 

--- - --- - - - - - --
NORTH-CENTRAL 

Minnesota . ... ... . . 2-12 2-3 6 2-3 6-12 6-9 6-9 
Crow . . ..... ..... 2-9 Sand, 2-4; clay, 

4-9 
Iowa . .. .... . . . ... . . 6-12 

Muscatine .. ..... 3-4 
Missouri . .. . . . . . .. . 6-8 
North Dakota ..... 7i 7l 7! 7! 7t 7! 7i 7f 7i Extra thickness 

is grovided by 
su base 

South Dakota .... .. .. 4min. 
Nebraska .. ... ....... 0-8 

----------,_ --
SOUTH-CENTRAL 

Arkansas .... . ... ... 6-12 6 6 6-8 8- 12 8-12 
Louisiana .. .... . ,,. 7 
Oklahoma . .... . •... 6 
Texas ..... .. . . . .... 3-18 3-6 3-8 3-8 (3-18 6-18 Depth depends 

on amount and 
character of 
binder also on 
volume and 
types of traffic 

• Use blanket course when base thickness greater than eight inches is necessary. 
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TABLE 7-Concluded 

Thickness in Inches 

Section: State and County 
Total Range for Soil Type Remarks 

Range 
Al A2 A3 A4 AS A6 A7 A8 

--- - - - -- -- -- --
MOUNTAIN 

Montana .... .. .. . . . 6-18 
Cascade ... ... .. . . 6-24 

Idaho ....... ....... 2-12 2-4 2--4 2--4 6-12 8-12 8-12 
Wyoming ... .... . .. 0-9 0-5 0-6 0-6 4-7 6-9 6-9 7-9 9 Edge, Center, 

1!" thinner 
Nevada ...... ..... . 6-21 6-12 6- 18 6- 12 12---18 15-21 15-21 15-21 
New Mexico ... ... . 4-2()b 
Arizona ..... . . ..... 0-15 0-0 0-12 0-6 6-12 0-12 12-18 0- lS 

- - ----- - ------
PACIFIC 

Washington ........ 3-6 3-6 3-6 3-6 3-6 3-6 3-6 3-6 
Oregon . .. ..... ... . . 5-9 5 5 5 5-9 5-9 5-0 5-() 
California ........ .. 3-24 12-18 Soils classified' 

by bearing test: 

b Loose thickness based on grading, soil characteristics. California Bearing Tests. 
used as a check. Compacted thickness averages 75% of loose thickness. 

amount of water is added. Water is then 
evenly distributed over the dry mixed 
materials until the total amount present is 
slightly above the optimum moisture 
content of the mixture, and the whole is 
thoroughly mixed by alternately spreading 

. and windrowmg with motor graders, or by 
( ' ~multiple blade maintainers or other suit

able methods. This mixtu.re is then spread 
across the roadway shaped and compacted 
by rolling. The method of compaction 
should consolidate the mixture to the full 
depth of the layer to which it is applied. 
When the mixture is spread in layers not 
more than 4 in. thick smooth rollers or 
pneumatic tired equipment may be used, 
but if the mixture is spread in layers of 
greater thickness it is advisable to use 
tamping rollers for the initial compaction. 
Courses thicker than 8 in. should be com
pacted in more than one layer. The water 
content of the mixture at the time of 
rolling should not be less than the optimum 

. determined by the compaction test to 
obtain the required density with the least 
compactive effort. During the compaction 
operation the sw-face of the road hould 
be kept smooth and shaped so that the 
finished roadway will have the crown and 
cross section desired. A modified "A" 
type crown of at least t in. per ft. of width 
is recommended when the stabilized 
course is to be used as a wearing surface. 
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In blade-mixing the ingredien of a 
stabili~d wearing course, it is highly 
important tbat no appreciable a.mount of 
extra soil be picked up from the subgrade 
or' shoulders. Carelessness in this respect 
may result in an excessive amount of 
binder soil which is especially undesirable 
in wet weather. 

Plant Mixing 
This includes either a central rmxmg 

plant or a portable plant operating along 
the road. The cost of plant mixing is 
slightly higher than that of road mixing, 
but the following advantages are attained: 
(1) A morn unjform mixture is obtained; 
(2) Less delay on account of unfavornble 
weather conditions (prolonged rainy periods 
delay the efficient handling of clii.y i11 road
mixing); (3) Less interruption to traffic; 
(4) Greater converuence and less co t of 
sup.plying the nece sary water for the 
mjxture; (5) Leas equipment required on 
the road; ( 6) Greater ease of laboratory 
control of the mixture. 

The plant machinery necessary in the 
prnduotion of stabiJized mixtmes {in 
addition to the usual screening and crush
ing equipment for producing graded 
aggregates) varies according to the nature 
of the materials and the method of proc
essing. The operation consists essenti
ally in pulverizing the binder-soil and 



proportioning and feeding the graded 
aggregate, binder-soil, and water into a 
mixer, where they are combined uniformly 
and delivered into trucks or storage bins. 

In the process most commonly used, the 
binder-soil is dumped into a hopper from 

at slow speed and one smaller-diameter 
roll with longitudinal knives set in its 
face, operated at higher speed. The lower 
pair, or crusher-rolls, are both of the same 
diameter and are sniooth-faced. This 
unit may be used with binder-soil con-

TABLE 8. CURRENT HIGHWAY PRACTICE IN FOUNDATION (SUBBASE AND BLANKET COURSE) 
THICKNESS 

Thickness in Inches 

Section: State and County 
Total 

Range for Soil Type Remarks 

Range 
Al Al AJ 

--- - -- -
NoRTH-EAsT 

New Hampshire ... . 3-31 7-13 a 

Michigan . .... .. ... 12-18 
Huron .. ..... .. .. 10 min. 

Wisconsin .......... 0-15 
----

MIDDLE-EAST 
Illinois . . . .. ...... .. 12-24 
Indiana .. . . ...... .. 4-24 
Ohio ........ . .. . .. . 12-18 
Tennessee .. . .. . . . .. 0-12 0 0 0 

Maryland . . ....... . 6-24 

----
SouTH-EAsT 

Mississippi . . : . .... { 7-12 
12-21 12 

Alabama . . ... .. .... 0--10 0 0 0 
North Carolina ... 0-24 

. South Carplina ... .. 6-12 
Flo!,'ida . ....... .. . . 0-12 0-6 0-6 0--12 

----
NoitTa-(iJ:tNT:i!.AL 

·Iowa .... • ..... ... . . . 12::-24 

.01·th D1ikQta." .. .. . 0-12 0 0 0 
----

SouTH~CENTRAL ,, 
Texas: .. ... . .. '· . . . . . 0-10 0 0 

MOUNTAIN 
Idaho ... . . .... . .. . . 0'-'18 

-->--

PACIFIC : 
Washington ..... . .. .3-24 3-6 3-:6 3-c6 

Oregon . ....... . . . .. 4-12 4-8 4.-8 4-8 

:which it feeds by gravity to a ' screw
conveyor which delivers it 'at a uniform 
rate to a disintegrator, either directly or 
by means of an intermediate belt'conveyor. 

The disintegrator unit consists of two 
pairs of rolls, the upper pair having one 
larger-diameter smooth-faced roll operated 

A4 AS 6 A7 AB 
-- -- -- ----
13- 31 19 Use gravel only 

(abundant 
material) 

On poor soils 
On poor soils 

0--15 0-15 
----- - --

12-24 12-24 

12-18 18 RemoveA5 and AS 
0 6-8 6-10 6-12 6-12 Treatment of un-

stable soils 
6-12 12-24 12-24 12-24 Remove all AS 

soils 
------

Topping added 
12-18 18 15--21 21 Topping only 
0-4 0--10 0-10 0-10 Topping only 

In limited areas 
6 6-12 6-12 12 In limited areas 

Q-12 12 12 12 --------
12-24 12 18-24 (In poorly drain-

2}-5 2!-12 2!-12 
ed areas) 

5-12 
--------

I 0 0-10 0-10 
---

0-8 4-'12 6-12 8~18 18 
--,_ --1---

6-12 9-24 9-24 o-~ Total thickness, 
base & subbase 

4-12 6-12 6-12 6-12 6-12 

taining up to about 20 per cent of water 
and although the most thorough pulveriz
ing is accomplished with dry · material, 
artificial drying has not been found 
necessary. 

Graded aggregates are delivered from 
storage hoppers by controlled feeds, along 
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with the pulverized binder-soil into a 
mixer, usually of the pug-mill type. A 
pipe line provides the water necessary to 
bring the mixture to the desired water 
content. 

The pug-mill contains a longitudinal 
shaft to which replaceable blades are 
attached at such an angle as to mix the 
materials continuously and convey them 
through the mill to an outlet where the 
finished mixture is taken by beit or bucket 
conveyor to storage bins, or dropped into 
a pit from which it may be loaded into 
trucks by a clamshell dredge. 

Other Equipment and Methods: 

In some locations the soil overburden on 
pits and quarries consists of a suitable 
sand-clay which when passed through a 
vibrating screen to remove the sod and 
stone, becomes sufficiently pulverized. 

A plate-feeder may be substituted for 
the screw-feeder, for use with some types 
of binder-soil. 

In some plants the aggregate and binder
soil are proportioned and partially mixed 
by handling several times with a clam-shell 
or power-shovel. 

t .' ) Batching equipment designed for con
crete aggregates, and a concrete mixer may 
be used for proportioning and mixing. 

A method of processing wet binder-soil 
is being used successfully, which eliminates 
the screw~feeder. The binder-soil is passed 
from a hopper into an enclosed pug-mill 
with sufficient water to form a thick paste'. 
This paste is extruded, at a controlled 
rate, and passes, along with the flow of 
graded aggregate, between a pair of rollers 
set about one and one half inches apart. 
The. combined binder-soil and aggregate 
then pass through two pug-mills, and any 
necessary water is added. In this process 
the binder-soil is thoroughly disintegrated 
and a uniform mix is obtained. 

Portable stabilizer plant units, em
bodying the foregoing described features 
are now being manufactured. ' 

Mixing may also be done with a portable 
~ix~r, which moves along the roadway 
p1ckmg up the aggregates and binder-soil 
from a windrow, mixing them with water 
in a pug-mill and depositing the finished 
mixture in a windrow or spreading it into 
place. 
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This equipment requires that the binder
soil be previously pulverized (at least 
partially) on the roadway and is therefore 
more subject to wet weather delays than 
the stationary central plant. 

Construction Factors 

. In many cases trouble during construc
t10n of granular stabilized roads has been 
blamed upon the design of the mixture 
when in reality, the faults are due to th~ 
environment under which they have been 
placed. Some of these environmental 
factors are : 

(a) Stabilized materials should· not be 
placed over high capillary soils without an 
adequate subbase or other type of capillary 
cut-off. , 

(b) Sand subbases used for capillary 
cutoff over objectionable soils or sand 
subgrades usually require speci;d treatment 
of the top three inches before placement of 
stabilized cotirses. A sandy clay or other 
suitable binder soil should be added and 
manipulated into the surface to form a 
firm base within the limits for Type B 
Subbase (page 11) which will cany con
struction equipment and insure, uniform 
compaction and thickness of the stabilized 
layer. If the lo.ose sand subbase or sub
grade is not given this prelimina1:y treiJ,t
ment, poor consolidation non-uniform 
thickness of stabilized m~terial and a 
distorted surface may be expected. 

(c) Stabilized material should not be 
placed in continued wet weather in areas 
subject to traffic. The soil fines will be 
ma~ipulated to the road surface by the 
act10n of traffic, and the surface will 
remain rutted and appear to contain an 
excess of binder soil. This also causes the 
compaction period to be ~xcessive and 
requires considerable maintenance before 
compaction is complete. If the material 
is placed dming the rainy seaso:r;i, traffic 
should be detotired and the material laid 
toward t~e plant to avoid disturbance by 
construction traffic. After drying, the 
road may be opened to traffic and con
tinuous maintenance used until the road 
has been compacted satisfactorily. Addi
tional water may be required to finish the 
road surface after the preliminary com
paction period. 



(d) Placing of stabilized materials should 
be restricted during the periods of spring 
and fall rains since the construction diffi
culties will more than offset the incon
venience caused by the suspension of 
construction. During these periods the 
stabilized material should be stock-piled 
until favorable weather permits the com
pletion of the road constrµction. 

MAINTENANCE OF GRANULAR 
. STABILIZED SURFACES9 

The basic principles governing granular 
stabilized road maintenance are that: 
(1) The surface be kept smooth, firm and 
free of loose material; (2) The original 
crown of approximately !-inch per foot 
of width, be conserved;· and, (3) The 
deterioration of the surface be minimized 
by the use of some dust palliative. 

Blading of Gra:uular Stabilized 
Roads 

Granular stabilized roads, while they 
require much less maintenance than loosely 
bound surfaces, do require periodic blading. 

Blading During Normal Weather: During 
dry weather, granular stabilized surfaces 
should be kept free from loose floating 
aggregate in order to avoid unnecessary 
abrasion by traffic. 

Any loose material which accumulates 
on the road surface during dry spells 
should be brushed to the side of the road 
by light blading. If a considerable amount 
of such material accumulates on the side, 
of the road, pulverized binder soil in the 
right amount to make a stable mixture 
with it should be added to the windrow. 
Water tank trucks should be available for 
preparing and compacting this material 
on the road surface. Before spreadipg and 
compacting the stabilized mixture, the 
road surface should be wetted enough to 
permit some cutting and bladed with an 
underbody blade or grader to remove all 
irregularities. All cutting of the surface 
should be from the center of the road to
wards the sides. 

The material from this blading is added 
to the windrow on the roadside after 
which the entire windrow should be bladed 

• Tnken prlnoipnllr, from "Soil Control in Con
solidftted M!Untominoo 'by B . U . Downo,v. ProaGtdings, 
Highway Research Board, Vol . 21, p. 3ll (1041) . 
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on to the road surface and compacted 
under proper moisture conditions con
trolled by water tanks. Shaping and 
finishing operations are carried on with 
underbodyblades and, if available, multiple 
blade maintainers. 

Occasionally it is necessary to employ 
more drastic measures to improve certain 
sections of road to prevent development of 
serious ravelling, pot holes, ruts, etc. 
These sections should be repaired in ad
vance of normal road blading by the use 
of heavy blading and scarifying equipment. 

Blading During Wet Weather: When 
light rains occur, sufficient to moisten the 
road surface, fairly light blading from the 
center of the road toward the sides should 
be done with underbody units to eliminate 
chatter bumps, pot holes, and other minor 
irregularities. After the rain, while the 
road surface and accumulated material 
at the side are still moist but not wet 
enough to make the road muddy or slippery, 
the loose material should be bladed back 
onto the road and shaped 'for proper crown. 
Final blading and finishing should con
tinue while the surface is compacting under 
traffic. 

When rains occur that are heavy enough · ')i 
to make the road surface muddy and 
slippery, the unstable material on the 
surface should be bladed to the sides and 
left there. No blading from the outside 
toward the center of the road should be 
done while rain is falling or when the sur
face is extremely wet. As soon as this 
material has dried enough to recompact, 
it should be bladed back on to the surface 
and properly shaped. Final blading and 
finishing should be continued while the 
surface is compacting under traffic. · 

Blading Procedure to Assure Proper 
Crown; The granular stabilized road, like 
all other types, will give most satisfactory 
service if it is properly drained The. 
"Modified A" or "Straight Line" crown is 
most satisfactory. Parabolic type crowns 
are likely to develop pot holes along the 
center where water will stand after rains. 
When the center of the blade wears down 
first, making it difficult to shape a "Straight 
Line" crown, the blades should be reversed 
on the moldboard. Subsequent blading 
will then cut off the arch in the road crown 
and wear the blades to a straight line. 



The "Modified A" type crown with 
about one-half inch slope per foot of width, 
provides a well drained, smooth surface. 

Super-elevation on curves should be 
maintained as originally constructed and 
should be bladed from the inside of the 
curve outward. Blading culvert and bridge 
approaches to prevent irregularity in the 
shape of the approach requires lifting and 
reshifting the blade while crossing the 
structure. 
· Trucks equipped with underbody blade 
attachments, having curved moldboards, 
are generally adequate for all routine 
blading. Multiple blade maintainers are 
best for final smoothing. This maintainer 
with its several edges and long wheel base 
should be.used only as a finishing tool and 
only when the surface is moist. 

Dust Palliatives i 
The application of deliquescent chemi

cals or bituminous materials serves three 
· purposes: (1) abatement of the dust 
nuisance to travelers and adjacent 
property, (2) conservation of the surface 
material and (3) provision of additional 
binding power. 

~ Under wartime conditions of reduced 
budgets economic considerations will de
termine how much maintenance expendi
ture should be made for dust palliatives. 
Although abatement of dust may be a 
comparatively minor factor under these 
conditions, the latter two functions have 
decided economic value which should be 
evaluated by comparison with the cost of 
more frequent renewals of surface material 
and with the cost of maintenance of binding 
power by addition of binder soil. 

Application of Deliquescent Chemicals 

The usual practice is to apply uniformJy 
by mechanical means a light application 

(approximately 1 ! tons per mile) in the 
late spring, followed by subsequent appli
cations of two tons per mile per month 
during the summer season. However, 
precipitation and volume of traffic have a 
direct influence on the quantities used. 

The best time to apply deliquescent 
chemicals is following a rain and after any 
necessary blading operations have been 
completed. If the application cannot be 
deferred until a rain occurs, the chemicals 
should be applied at night or in the morning 
when the higher humidity will assure more 
rapid solution and penetration. Some 
States have found it economical to pre-wet 
the surface by the use of water tanks before 
applying the chemicals. Also natural and 
manufactured solutions containing suitable 
concentrations of deliquescent chemicals 
have been used where transportation 
facilities were favorable. 

Application of Bituminous Dust Palliatives 

Either certain grades of tars (RT-2 
and RT-3) or asphaltic oils (SC-0 and 
SC-I) are suitable for this purpose. How
ever, due to wartime restrictions, the slow 
curing asphaltic oils are not now available. 
It is suggested that medium curing cut
back asphalts of the lighter grades, when 
available, may be used for this purpose. 

The rate of application depends upon 
the type and density of the road surface. 
It usually varies from 0.2 gal. per sq. yd. 
on dense surfaces up to 0.6 gal. on those 
of the most open texture. The road must 
be dry but not dusty when the oil is 
applied. To reduce inconvenience to 
traffic, a roadway if wide enough should 
be treated one half at a time or suitable 
material such as dry sand should be spread 
over the treated surface to absorb the 

' slowly drying bitumen. 
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