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TRCDUCTION

This report is the result of a study of the factors that influence
dhe service behavior of stabilized and surface consolidated =zoil-aggre-
gate mixtures when calcium chloride is used either as an admixture or as
a surface application or both, The experiment will be carried on in
conjunction with the Michigan State College and the Research Diviesion of
the Kichigan State Highway Department, who desire information regarding
this type of road materials for maintenance of secondary roads with a
decreased expense,

Highway development, during the recent years, has been toward the
improvement of secondary roads, The rural residents are no more pleading
for, but are demanding, year around road service, and as & result of these
pleas and demands the highway departments are trying to find a type of
road surfacing to fulfill it. Before any a preciable progress can be made
on this tyne of roads, there is the problem of figding a low-cost type of
surfacing,

Prominent in the field of low-cost construction is the stabilized
wearing course, made up of a balanced mixture of ag;regate, =sand, clay,
silt, with an admixture of some moisture retentative chemioal for maintain-
ing the moisture content in the mirture, Thie tyne of construction is very
good both from the engineering and economic etandpoint. These surfaces
will provide an adequate and very satisfactory secondary roa’, and will
also provide a very good base for later constructlon of higher type roads,

It is the aim of this report to afford and discover practical and
serviceable information to the above mentioned cooperative agencies, and

also to the engineer and contractor in road de=ign, conetruction and

maintenance,






CIPLES OF STAB TION

Ctability i= the resistance to lateral flow when loaded, This
principle, in the case of road stability, 1s mainly dependent on the
shear strength of the road metal, and the shear strength is controlled .
by the amount'of internal friction and the coheslve properties of the
materials,

The adoption of these principles in the construction of low cost
roads should not be thoucht of as something entirely new, but rather an
0ld principle with new ideas added to it, Low-cost roads have been built
for many years and have been successful as far as practical, but due to
the concentration of the construction of primary roads, there is a generw
al lack of interest in the secondary road types., The road building in
the secondary class were carried on in such a manner and with such plans
that if a road was a success it was more accidental than intentional,

The application of the principles of stabilization to low~cost roads
overcomes the faults with the secondary type roads and as&ures quality by
properly combining the graded azgregates and materials to produce a stable
road mixture,

In a stabiliszed road the function of the coarse aggregate i1s mainly
to rosiat the wear of the heavy traffic the road will carry, the combin-
ation of the fine and coarse aggregate furnished the internal friction
and the binder soil suvplies the cohesion with a properly controlled

moisture content,
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8tability is an 0ld Enzlish word which, Webster informs us, means
Yhaving the properties of durability, permanency, fixity or of standing
firm in place®, From this it can readily be seen that stabilization as
applied to =oils, or to a combination of soil aggregates, is the resist-
ance to flow laterally when loaded, The principle of stability is mainly
dependent on the shear strength of the road metal, and the shear strength
is dependent on the internal friction and the cohezive properties of the
soil, S8tabilisation is the adoption of the recognised principals of s=oil
mixture for acquiring the maximum density and dursbility after proper come
ﬁnction.

Stablilisation has been a practice on roeds for a number of years,
but their success fell far short of the value of the roads, Sand-clay
roads were about the first type of stebilized roads that were built;

They applied ths principles of estabilization unknowingly. They used the
sand for supporting and the clay for the binder or cementing wvalue,

This type of road was esatisfactory without radical climate changes and
under light traffic,

The next type of roed to be tried was a combination of sand, clay,
gravel or crushed stone, The addition of the gravel or crushed stone in-
ereased the stabllity and al=o the weering quality of the road surface.
At this stage of the development the value of gradation was realiszed,

#ith increasing investigation, it was found that certain clays
served to lubricate, instead of bind, the larger particles, The lubri-

cations of the clays vary with the molecular composition of the clay
particles.



Commercial interests came into the picture and recearch projects
were studied on the value of chemical adaixtures to control the wmoisture
content in the mixtures. The admixtures were found to &id in thz high
degree of comnaction and retaining the quality over & long period of time,
The action of the water, even efter heavy rains was found to be neglizible
except for a fraction of an inch at the surface of the road metal,

With all of the experiumentation it was found thet regardlecs of the
type of stabilization to be practiced there were hasic principles that
muet be followeds A uniformly graded mixture from the maximum to the ex-
treme fines ia required, The larger percentage of any one size of particles
the more void spece thers will be and as a result less stability,

It has been found from experiments that mixturees showing alkaline
characteristics are more effective in stabilization then those w':ich are
acid,

There 1s a definite and extreme necessity of the control of moisture
in the sub-surface of a stabilized road. One of the first investigations
in a road project should be to determine the free molsture variations over
different seasons of the year and the control of the extremes in the vari-
ations, There should be means of controling underground water sources
and surface water,

In a stabilized road, the selection of the material i- an ersential
consideration and should be carefully considered, The &;;recate from a
local source may have the desirable physical characteristics -~ that is,
hardness, toughness, and ability to resist wear « but yet be =0 sized that
additionel material to correct the deficiencies will have to be obtained

from other sources,



Either gravel or stone can be used and a binder soil to produce the
proper density, Many times pit run gravel can be found to fit the require-
ments with only the addition of a emall amount of clay and fines.

¥hile the stability of a cohesionless material may be lecs than 500
pounds per equare foot and the binder soil will.havn a supporting value
of 5,000 pounds per square foot, the proper combination of the two will
give a mixture that will have a supporting velue of more than 1,700 pounds
per square foote The internal friction i1s furnished by the eand, gravel,
slag or crushed stone, which is usually referred to as the coarse aggregate,

Cohesion 1a furnished by colloidal cleys and moirture films in the
top moil, sand-clay, light textured so0ils and moisture film alone,

Whether the mixture of granular materials becomes a stebilized sube
gr;de, soil road surface, or a higher type pavement, the grading and the
method of construction are of greater importance than the kind of materials
used or on the basic theory,

Regardless of the type of construction the ultimete stability of the
mixture depends upon the permanent adhesive strength which can be developed
by the binder films between the soil particles, This strength depends not
only on the characterietice of the moisture or chemical admixture', but also
depends on the composition of the g0il particles and films of gae surround-
ing it or other subrstances which may cover the soil particles,

The wetting power of a soil is an importsnt factor in etabilisation,
The greater the adhesion, the hi;her the moisture will rise abowe the
water tables, The high tensile strength of water caused the moirsture to be
drawn up into the =oil as a surface coating film for the particles, acting

as rubber diaphrams to hold the particles in place. The emaller the pores



the higﬁer molcture will rise in the soil due to adherive attraction.
This adhesive action is very important in soil stebilization and the ure
of chemical admixtures, mechenical consolidation and weter proof covere
ings are used to aid it and provide the necesrary conditions,

Some of the admixtures uced are; properly proportioned soil materials,
deliquescent chemicals to provice moisture films, chenicals to act to re-
place air films surrounding the particles with moisture films,

The conrolidation required to furrich ea well compacted mixture of
graded agcregates ie obteined by rolling during construction and by the
action of traffic afterward,

The greded materials required to make a firm and well etebilised road
conslist of a coarse a sregate and a soil wmortar. The coarce a;gregate is
that portion of the sample passing a No. 10 and reteined on a No. 40 eieve,
and contains natural gravel or supplemented with cruched stone or slag.

The binder =oil is all materisl pescing a No. 40 gieve, The binder soil

is silt, clay and colloidal material., The coarse aggrerate acts as a bed

for other materials and furnishes desired hardnecs and structurel strength,
the finer sand is a filler in voids of coarrce g;zregate, the silt is a filler
to keep particles from rocking and clay and colloide furnirch pores smell
enough for moisture films to cause cohesion neceesary.

Satisfactory mixtures are designed to have interlocking grains end
capillary cmolsture forces sufficlent to furnish the mixture with high sta-
bility during wet weather and enou;h cohesion in ths bincder coil to maintain
the integrity of the surfece during dry seacons., The degree of satie-
fection of mixtures to meet those requirements are indicated by the plasti-
city limits of all the Boil passing a No. 40 sieve.
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Liquid linits of 25-35 indicate the properties of capillarity in the
roll that will gerve for a satisfactory binder soil,

The greater the plasticity index of a =0il will rchow greater presence
of clays that will furnish cohesion, therefore, the greater the plasticity
index the higher the cohesion. Plasticity indexes of ¥ or lers wlll be
satiesfactory for wet conditions, 3-9 under aversge moisture and 9-15 under
arid conditions,

Absence of moisture films in & roed surface will caure raveling and
dust vhile too much moirture will cause ruttinge The more a road surface
driee out by eveporation the wetter future rains will meke it,

Another rearon -oil rozd surfzces should retain molsture 1s that most
of them are corpacted partly by traffic. When the surfaces are allowed to
dry -out a large amount of the bincder soil is lost by durt ection and ravele
ing action, If the moirture films are between the particlees of soil com-
paction will progrecs end the soil particles will wedge themrelves together
A8 the ro0il particles get clorer together the cohesion increeses and the
graded mixture becomes a eoll road surface closely bound,.

Calcium chloride is the principel chemical used as a mosture retent-
ative in soll stebilised roada, The hygroccopic properties of the chloride
cause it to take moicture from the air during periods of high humi~“ity and
also slows up the action of evaporation of mosture from the =oil, Calcium
chloride aids in the corpaction by retaining the molsture. The hich dene
eity attained is rhown by wei:ht of 150 pounds per cubic foot for wearing
cources treated with calcium chloride,

There is an optimum mosture co:tent that will achieve tho hi hest
density and the greatest degree of coupaction. This condition cen be

determined in the laboratory by the Proctor tests,



The stabilized material mey either be mixed on the roasd by scarifying
the existing road surface and adiing needed ingredlents for a stabilized
surface or the materials may be mixed in a mixing plant and spread on the
road surface ready for compaction. The caleium chloride is added to the
mixture at the rate of about 1/2 pound per squafe yard per inch of thick-
ness and then about 1/2 pound per equare yard on surface later,

Any maintenance of a soil stabllised road should be done following a
rain since it will soften the road metal so it can be worked without tear-
ing up the surface, and aleo since the chloride solution will penetrate
farther into the road following a rain and in thie way the calcium chloride
will not be exposed to the surface to be wasted,

Calcium chloride should be added in light applications to the road
surface two or three times a year.. About two pounds per square yard is
added each year. The chloride should be added either following a rain or
in the early morning to allow it to be used effectively and be able to ab-
sorb moisture easily.

The economic advnntage of constructing stabilized roads seem to deem
their value along with higher type construction and roads, With this type
of construction the money for roads cen be better utilised and cover more

miles of secondary type roads,
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A.

B,

OUTLINE OF PROCEDURE

EQUIPMINT

1.

2

A
®

4.

Se

Circular test track and treadometer in the Highway Devnartment
Research Laboratory.

801l testing equipment in the Highway Research Laboratory.
(a) Proctor tests equipment

(b) Mechanical analysis equipment

(¢) Liquid limit equipment

(d) Ovens and equipment for determination of shrinkage limit.
Hydraulic stability testing machine, furnished by Calcium
Chloride Assoclation.

Camera and equipment for talking progressive pictures of the
track tests,

Profilometer, or rome device designed to determine the longi-

tudinal and sectional profile of the track as the test progresces.

RECO:'STRUCTION OF THE TEST TRACK AMND TRPADOMETFR

1.

2.

Center to be taken from track to provide a cistern in the track
gection for a supply of water, and will enter from the bottom

of the track sections. Drawing included to chow finished section.
Some alterations are to be arranged for on the treadometer in the
driving gears to silence thei and also to eliminate jerking and
Jumping of the treadometer,

(a) Use balloon type tire

(b) New gear box

(c) New arrangement of gear ratio for drive



A, MNaterials

1.

2.

4,

Coarse Ayrrerate = All coarse aggregate will conform to Kichigan

ftate Highway Department Specifications,

(a) Gravel aggregate

(b) Crushed stone aggregate

(¢) Obtained pit run and graded in lsboratory.

Fine Agsregate - A1l fine aggreyate will conform to Michigan

8tate Highway Department Specifications,

(a) Natural sand will be used

(b) Obtained from local source

Binder Soil ~ Binder soil will conform to kichigen State Highway

Department Specifications,

(a) Binder soils will be from different sources to have differ-
ent compositions, '

(b) Plasticity indexes of the binder soils will be kept within

a practical range,

Calcium Chloride - As specified by the Calcium Chloride Assoclation.

PRTPARATION OF MATFRIALS

1.

24

Coarse Aggresate = Will be kept in stock and will be graded into
different scroen sizes (1%, 3/4%, 1/2" and No, 4)

Sand - Will be in stock and will be graded into screen sizes of
(No. 4, No, 10, No. 40 and No, 100) and rtored in convenient
form and place.

S5« Binder Soi] -~ Will be in stock and will have plasticlty indexes

such as to give 0, 5, 8 and 9 placsticity indexes to the resultant
stabilized mixture, which also shall have a dust ratio for the
four sections of 52,49, 6% and 51 respectfully. Binder soil will
be stored in a dry place in bags,

o2-



4. Calcium Chloride -~ Flake chloride will be in bags and kept in
a dry place for future uce on track tests.

5 Final base course mixture = Will conform to the followings

Sect. Gradation - Percent Passing Dust

No. 1* 3/4" No, 4 Fo. 10 No. 40 No. 200 Ratio P.I.
1 100 98 80 69 46 24 52 0
2 00 93 62 48 51 15 49 5
5 loo0 79 42 32 20 12 63 8
4 100 98 84 65 48 25 51 9

Ce PHYSICAL TESTS TO BE CONDUCTED
1. Cosrse Apgrerate « The following phyrical tests will be performed
(a) Sieve enalysis
(b) Absorption
(¢) S8pecific gravity
(d) PFineness Modulus
2, F e | ate « The following tests will be conducted on the
fine agpregate
(a) Sieve analysis
. (b) Absorption
(¢) Specific gravity
(d) Fineness Nodulus
(8) Percent eilt and clay
8. PBinder Soill - The following soil tests will be conducted on the
binder =oils
(a) Liquid limit
(b) Plastic 1limit



D.

(c) Shrirnkage limit
(d) Field moisture equivalent
(s) Shear strength
(f) Coupaction (Proctor test)
4, Celcium Chloride - Should meet reqnirémenta of the A.S.T.M.
SUBGRADE STUDY
Purposes To determine hest graded mixture an” rate of compaction
for a subgrade under teets.
l, Mix e e
(a) Mix materisls thorougzhly in concrete mixer,
(b) 444 any admixtures to mixture and mix them thoroughly in
mixer,
2 a eri d compact
(a) Split samrle in two portions and store half for later tecte
(b) Divide track into four sections in some convenlent arrange-
pent with means of keeping eections separated,
(¢) Place material in track, on top of 12" of coarse gravel in
bottom, in two layers and compact it with regulated traffic.
Add layers with compacting until within 3" -~ 4% from top of
track walls,
(@) Moisten mixture, before placing it in the track, to aid im
compaction,
(e) Continue ecompaction until sections show feilure or complete
compaction with no further subeidence,
(f) Determine best sections with continued regulated traffic and
then f£111 track with mixture of best sections and repeat builde

ing up process to rfubgrade for further tests.

- 4 -



E,

S.

4.

(g) Control temperaturs and humiciity in room with test tracke.

(h) Use sections in track with calcium chloride admixture as
coiiparison with esubgrade materials, without chloride.

(1) Vary the water level in the track and note the action on
gections at different elevations,

(3) Trim sectiona smooth for the application of the rosd metal
for further tests,

Subgrade stu est

(a) Shear test with hydraulic shear testing machine

(b) TVear test

(c) Teste on water content

(d) Rate of compaction by record with profilometer

Sub-base variations

(a) Add chloride to portion of exact sarmple and run same opere
ation again for compariron without calcium chloride

(b) Use portion of same sub-base material and ;un tests on it
with surface stabilization. Use same procedure as in pre-

vious experiment with same tests,

ROAD KFETAL

Purposes To test different graded mixtures and determine the effects

of admixtures of chloride in warying amounts on action.

1,

¥ixing

(a) Mix materials thorouchly by bla’ing materials with a rpades

(b) Add water sufficient to dissolve calcium chloride and in
amount to bring mixture to it's optimum moirsture content

predeternined by the Proctor test,
(¢) Vary emounts of calcium chloride in mixtures to get relative

compariron and results.

-5 =



24 acin teriel and comne
(a) The mixture is added to the compacted subsrade in suffie
cient amount to have 1-1/2" of rozd retel when comvacted,
(b) CSurface is compacted with pneuwstic tire and uniformly dis-
tributed traffic until no rubsidence is noted end then

sections are in condition suitcble to testing,

3¢ JTests on treck with continued tralfic

(a) Rate of compaction chould be noted at intervals and recorded

(b) Profile of track, longitudinsl and rectionsl, should be
recorded,

(c) Pittin; action eni loss of meterial rhould be noted,

(d) Drying out and raveling of surface should be noted,

(e) Action of artificial rain action sliould be tried and re-
action to surface noted,

(£) Vary heizht of the water table and note action of the road
metal at the differert helghtse |

(g) Test sections with hydraulic stabillity machine desi:med by
Mr, Fred Burggraf,

(h) Add bar to track to give bumping action and caure chatter
bumps and give inpact.

(1) Vary thickness of a etabilized base and also the thickness
of tihe eeal coat to give comparative results of the value
of heavy coating and thin base or thin coating and heavy
skabilised base
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FIFLD STUDY

PURPOSER To study etabilized gravel road in place for the purpose of
correlating test track recults with field conditions,
A. Survey of certain exirting gravel roads
1. Observations to be made
a. General surface conditions
be Failures
¢e Subgrade condition
d, Shoulder condition
e, Dralnage
B. Celection of gravel roads to be studied
l, FWith relation to geographic pocition
2, With relation to traffic count
Se Vith relation to materials
4, With relation to degree of maintenance care they have received
S5e¢ With relation to type of conetruction
6. With relation to eppreciation of chemicel conditions
7o FWith relation to publie reaction.
C. Factors to be studied
l. Road failures and Cauces
2. Maintenance
S« Phyrical characteristics
a. Condition when wet
b. Condition when dry

¢e Calcium chloride content



D.

d. Moisture and dencity
e. Gradation

f. Plasticity Index

Track tests on materials

1.

24

Be

Sample of road to fill sections of track will be sent to
laboratory and tested there to determine deflciencies,

Carry same procedure as described in laboratory work on
track tests,

Make necescary corrections in mixture to provide satisfactory
stabiliged road and proceed with tests on test track under

conditions that gave pror results in the field,
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Form Li-316 F

MICHIGAN
STATE HIGHWAY DEPARTIMENT
Murrey D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date $/8/40
ABSTRACTS

Subject: Road Stability.

Purpose: _ Study on Kegearch Problem,

Reference:

Author: Fred Burggrlf

Title: Stabilisation with Calcium Chloride.

Source: C@leium Chloride Associatiom Eulletin,

Date: __ 1939

Volume and page:

c :
ontents The major advancement in the stabilized road composition

with calcium ehoride 1s the joint importance of gradiati-n and
the plastic properties of the silt and soils passing the no, 40
sieve, 3he upper 1imit of the plasticity index used should be
stout 6, and the amount of fines should be lowered, ZIhe relative
stability varies wi th the molisutre content,

The are two methods of constmuctiony (1) surface eon=
solidation, (2) Stabilisation,

The addition of calclum chloride to the soil will ine
OPQIIO'the density aprrecisdly and will also speed up the com=
paction.

Calcium chloridd treatment saved sbout 60f on the loss
of road metal due to raveling and dust losses on an experment run

in conjunetion with the University of Michigan on their tests.



P .
LIRY
BRI et ee . B :
e e e eaam et e et A Lt L e e s te Smmnm e an P
e e+ aie e mean e e e e s e met i §ma e f1n cy e $ha= vl e e e L e e ek s te e

B N P - C et e ene et g i m A s e Bae ek ..
BRI [, B L L N L LT D T S LT R S
e e c e P Tr U IO S U PRI I TP




Form M-816 F

MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Ven Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date _4/3/40
ABSTRACTS

Subject: _Use of @Bleium Chloride on Highways

Purpose: __8tudy on Hesearch problem,

References

Authors_Te W. Delahenty
Titlei _Chemical Produota & “ighway Pragrass.
Sources _Chemicals

Date: ___January 12, 1931
‘Volume and page: Page 10

Contents:
Caloium Chloride was originally used as a curing agent

in eonorete and for a dust pallative on highways. Calcium Chloride
is now conming into use as a binder in gravel roads and as a stabe
ilizer.
ine produoction of caleium cholorde increased from 45,000
tons in 1914 to 200,000 tons in 1930, The original cost of caleium
chlorde was $40-$50 per ton and it is now only 320-$23 per ton,
Canada imported caleium choloride from the Uniked States

for the use of highway maintenance.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION  Date 4/3/40 ..
ABSTRACTS

Subjects _ Calgium Chloride for Construction % Maintenance,

Purpose: Study on “blCIQph Problem,

References

Authors He Po “lemmer

Titles Use of Calcium Chioride in Construction and Maintenanoce

Source:s Roads & Streets
Date:; December 1932

Volume and page: __ Vole 75. ppe 497 - 8

Contents:
Caleium Chloride carries a direct value as a stabilisger

on gravel roads and soil combinations,

Calcivm Chloride 1s valuatle as a duétpallativo since it
retains moisture and has a natural affinity fpr water, Caleoium
Chloride solution has a low vapor pressure as}oomapred with water
and this accounts £&r the slow evaporation,

Oa;cium Chloride is lost from the roads through three
me@hods which sre (1) Rainfall, (2) Chemical reacticn with the soil
(base exchange), (3) Naintenance manipulation, Calcium chloride %
a practically industyractaile materall if taken care of properly,

Calclur chloride flocculates solls thus bringing small
particals together, giving permeable soil, and in this way it reduces

the loss of the road metal by dust or rutting end raveling.






Form M-816 F

MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner |, Project '
State Highway Commissioner No. .
RESEARCH DIVISION Date __4/3/40
ABSTRACTS )

Subject: _Roadway Ctabllitye .
Purposes __Study on Research Problema
References

Authors__H.F, Clommep, .

Titles __Road Starility using Qalcium Chloride,

Sources _Roads & STreets,

Date: May 1933 : -

Volume and page: ___Vol, 76, pp, 164-6
Contentss Road stability required a graded granular sggregate with

binder soil. 7The binder cémsists of inner filler and cohesive cem-
ent. Silt is a good filler for soil road slabs since it does not

expand much on moisture change and 1s fairly stable in the partiecals
themsleves., Colliods furnish cement for the granular soil particles.

The Clasium eéhloride added to maintain mo sture in the
s0il, thus alding in the stabiliszing -ction of the soll, and it also
reduces losses of dust and road metal considerabdbly.

ine losses of the calsium chloirde is due to chemical
action in the soll and is dependent on soll acidity, iosaec due to
rain and the maintenance manipulation. HKaintenange shonld bde c‘rrild
on following a rain when calgium chloride layver 1s down telow sure
fage consideratle,

The amount of binder soil used in road metal is depondent
on expansive properties of binder soil so ss to ;111 the voids tofn

maximum,
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wegoner ‘ Project
State Highway Commissioner No. '
RESEARCH DIVISION Date 4’4 40
ABSTRACTS ’

Subject: ___Caleium Chloride Stabilizations,
Purpose: __Study on Research Pgoblem.

References
Author:___Cs A, Fogentogler, Jre
Titles _Stabiligation of low cost Roads by Calgium Chloride,
Sources Roads % Streets, .
Date: _ October 1933

Volume and page: __Vole 76 pp S69 = 60

Contents: Low cost roads conaist of granular particles and silt fille-
er with oclay binder soil to furnish the eohesive properties !ithinu
the -structure,

The absence of water within the road and oh the surface
causes ravelling and rutting of the surface. <The proper gradiation
of granular soil particles % binder so5i1 with proper proportions
of moisture stsabillzing chemicals will give & stabilized road surPese.

Stability is defined ua the resistence of a road metal ®
sutting snd ravelling. | |

The weight of the scil particles has a definate bearing
on the stabilizing power of given soil mixtures.

The moisture film tetween particles is the factor with’
which high stability in 801l structures are determined, iolsture
films have produced higher pressures in soils than can te attained
with mechanical means on the same s0il sample,

The Caloium Chloride is added to soil mizture to retain
soll moisture & absorb moisture from the air for storage in the main-

tence of the road metal.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murrey D. Van Wagoner Project
State Highway Commissioner No. N
RESEARCH DIVISION Date ‘A[‘Q
ABSTRACTS

Subject: _Soil Molsture Obtalnencge
Purpose: __Study on Xesearoh Prohlem.

Reference:
Authors
Title: —Choniosl-"Rainuakenr ' lleps-liodern—Highnays.

Date: __Saptamber 1930
Volume and page: _Valumn 143, pna 218

Contents:

Chemical "Rainmaker" in the form of ealcium echlordie is used
to draw moisfure from the alr, even on the hottest and driest days,
to be used in the soils, The chemical acts during the periods when
the humidity i1s high to colleot mositure'and hold it for later use
iﬁ use as a dust pallative and also for use as a binding moisture
£11m to Increase the stability of the soil structure.
The usual procedure is two applicati-ns during hot summer
months to the road sufface and this will give the same effect as
a shower each day as far as the dust preventive power is concerned,
and will also give the required amount for the stabilizing qualit-

ie8 desired.
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MICHIGAN -
STATE HIGHWAY DEPARTMENT

Murray D. Van Wagoner
State Highway Commissioner

RESEARCH DIVISION
ABSTRACTS

Subject: _ Stabllization of Soils,

Form M-816 F

Project
No.
Date _4/4/40

I3

Purpose: _ “tudy on “esearch Problem,

Reference:

Author:__ Ray A, Giddings,

Title: 3041 Yoncrete.

Source:; Chemicals,

Date: September 18, 1933

Volume and page: Ppe 9

Contents:

Stability and durability are the primary requisites of a

good surfaced highway,

S0il concrete is an intimate mixture of natural graded soils

proportioned so as to give the maximum density and stability.

The

stability of a simple structure of soil depends directly on the

801l mortar, or the portion as used that passes a number ten sieve,

The primary factors in stabllity are, (1) Internal friection,

(2) chhesions

Caloium chlordie used on soils to bulld up and maintain the

very essential property of water films between s0il partiecles to

maintain stadbility at all times.

Roads treated with calcium chloride should not be scraed

or bladed except after rain when the chloride layer,has gone down

consideratly below the road metal,
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date _4/4/40
ABSTRACTS

Subjects Soil Stabilisation

Purposet Study on fesearch Problem,

Referencet

Authorte

Title: _ Chemicals in Highway Construgtion,

Volume and page: Page 3

Contents:

Calcium chloride has teen used as a dust pallative for
many years, &and tlroucht its use as a dust pallative it has been
found usfull as a btinder in sand and gravel roads,

Calecium chloride is exported into foreign countries for
use in road building and soil stabilization. In 1930 42,700,000

pounds were exported to Canada for road bullding purposes,
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner : Project
State Highway Commissioner No.
RESEARCH DIVISION Date __ 4/5/40
ABSTRACTS

Subjects Road Stabilization

Purpose; ___Study on Research Problem.

. Refefence:
Author:___Re F. Traver,
Title: Low cost ctatilized Road Construction in Onondaga County, N,Y,
Sources Rp:ds and Streets, '

Date: March 1934

Volume and pege: Page 120 =24

Contents:
Stabilized gravel roads are used in sections where con=-

orete 1sn't practical but road improvements are necessary,
Stabilized gravel roads asre a combination of coarse

gravel, fine aggregate, silt, clay and calcium ohiorido. Ample

drainace 1s a very 1mpoftnnt factor in stnbilized roads,

Material in the base coarse, passing a forty mesh iieve,
should have a plasticity index between 8 and 12, since th§ plastie
index 1s a measure of the cohesive properties of the mixutre. The
function of the gravel is to give rigidity and‘high internal frie-
tion, the fine sand fiils the volds in the coarse aggregate, the
silt has capillary properties and serves as a reservoir for the
caloium chloride solution, and the clay in the mixutre supplies the
cohesion. The clay also acts as a reservoir for the calcium chloride.

When the road has to much coapse material on it some of th
sholder material, if suitable may be bladed in, and if not suitable
material for the addition has to dbe hauled in,
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with ordinary type gravel pboads., It is very important that stad
11iged gravel roads be maintained at the proper time. Patéhing
cone with mixture of clay, sand, cklorde, close to mixture of
original preparation used,

Blading should be done only follwing & rain when the
csalcium chloride has gone into the road metal sonsideradbly,

An advantage of stabiligation is the increased benifits
obtained from the use of calcium chloride, by two or three applie-
ations and wlll act as 4 dust palliative for the entire year,



4/5/40

sibjects Rosd Statilization
Purfose: Study on Research Problen,

. Authors Walter 0, Dow,

Titles Héthod and Cost of Stabilizati-n of gravel Rouads in a Mich,
County.

Sourecet Roads & Streets,

Date s Hay 1934

Volume and pages Vole 77, ppe £03 = 6

Contentss=

Stabilization of loose gravel roads bty the addition of
clay and silt vith applicstions of eslcium chloride, Drainage is
of prime importance and should be caref:lly exercised on a stabe
11iged road project.

So01l samples taken from road send are tested in the ladbe
rationy to determine what was needed for the stabilization of the
8011, The plasticity index of the s0il mixture should range bee
tween 6 « 10, |

Clay and gravel should be throughly mixed on the road
bed and spread out uniformly on the surface. The road should de
shaped with & crown at least of " per foot and up to 3" per foot.
When the final shaping is done the caleium ghloride is added at
about # ocu. foot per sq. yd., snd it will atsorb moisture which
will be used to aid in the process of compaction,

Maintenance cost on statilized road is very low compered
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date _ 4/8/40
ABSTRACTS

Subject: _Admixtures for Frost Prevention.

Purpogse: _ Study on Research Problem,

Reference:

Author: HeHe. Miller & Don N, Smaith,

Title; Methods for Preventiom of Road Failures due to Frost,

Source; Roads % Streets,

Date: __June, 1934

Volume and page: Vol. 77 pp.210 - 21

Contents: ,
Fallure of the rosd surfaces are due to the la teral or

vertieal flow of the subgrades Failures are also due to frost ao
tion and they are vertical flow,

There are two methods of applying salciim ehloride to
the road subgradeg (1) drilling holes in the yosd metal and about
8 ft. deep and filling them with a misture of pes gravel mmd
ealoium chloride. The holes are spaced uniformly on the rosd sure
face 80 the entire road is serviced by at least one of the wells
of chloride and pea gravel, (2) pumping solution of calecium chlore
1de under the road to prevent frost astion. 7his operation is done
during the winter and has proven very successful, The first methe
of 1s the test and the most practiced method of the two mentioned.

These methods also serve as aids to stabiliszation of
the soils by the addition of the calcium chloride,



R L IR

B I Y
. . e
T R yr T P,

-

on e g

e ey

v

L et

———

-

Cew e

e

PRI

e

s-

v




(oont-)

a proper amount of cohesive material such as clay, is kept constant-
ly damp, 1t consolidates and hardens under traffic and continues
highly statle against lateral displacement. 2The function of the
calcium chloride is to retalin moisture in the soil.

The stability of a soll to lateral displacement is a
direct function of the 1nternél friction and cohesion. 7he clay
supplies the dircet oohesion and it 1s a meximum when each particle
is surrounded with a film of water.

Losses of calcium chloride due to (1) base exchange,

(2) wasting out bty rain, (3) improper maintenance methods,

Caslcium chloride wien a plied to a statilized raod sure
face acts as a primer to attract moisture into the caplllary ducts,
and by hygroscopic nature sets up surface tension which limits
evaporation of the soil moisture into the air, As an addative valfie

of the calcuim chloride it alos acts as a dust palliative,
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No: S
RESEARCH DIVISION Date __4/8/40
ABSTRACTS '

Subjects Road Stadilimation,

Purpose: S8tudy on Research Problem,

Reference:

Author:

Title: _ Stabilisaimg Gravel Roads in Onondaga County, ¥.Y,

Source: _Engineering News Record.

Date: December 2, 1933

Volume and page: _Vole 111 pp. 629 = 32

Contents:
Hoads are constructed from pit run gravel and when it

does not have a balanced grading the defecienscies are added to

it to the correct the needed amount, The difference of this type
of road to common gravel 1s in the addition of ealsi m chloride ®
the smrface. Penetration of the surface layers by the chemical
develops moisture film cohesion, eonsolidation of the elay which
produees high internal friction, giving hirh induratiom of the
road surfsoce,

Maintenance of this type of road e¢alls for honing o wn
of the surface and retreat ent at intervals wi th calcium chloride.
Retreatment comes atout twice a year with sbout § of a pound per
square yard, BHoning should be done following a rain so as not teo
waste the calecium chloride, since shloride goes down with rain to
return by oapillary action when the soll drys out on the surface.

The theory of ealcium gravel road 1ss If a gravel- samd
mnixture, graded to obtain maximum interlockins and supplemented by
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(cont.)

capillary action. Calci m chloride should te spplied during
the dryout period following a rain, when the surface has been
properly leveled and bladed with a grader. VWhen not atle to
apply it following & rain it should te anplied in the early
hours of the day. Calcium chloride should never te apnlied just
proir to & rain since most of it 1s wated ty washing away,
An important factor in a statilized road is to always
maintain a crown of at least 3" per foot and not more than
2" per foot. Another important factor is the drainage of the
surface and the subgmade for @ well maintained stabilized road.
For the best maintenance the thin layers of stabilized
road materisl should bte added periodically.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date ‘[‘m
ABSTRACTS

Subject: _Maintenance of Stabilized Gravel Roada.
Purpose: _Study on Research Prokhlem.

Reference:
Author:_ R, C. Im:.
Title: _ liaintenance Methods of Stabilized Gravel Roads,

Source: _Engineering News Reaorda.
Date: _ November 16, 1933,
Volume and page: Yols 111, DD 594 = O

Contents:

The 0ld theory was that there should te a thin mulch of
fine gravel on the road and it should be bladed frequently,
tut today the practice is to stabilize the road end no loose
miglh or raveling occurs, and blading is done only following
e rain,

¥ith long periods of dry weather the rosd mey develope
small holes and threse shculd be patohed with the sasme grade of
grevel as the surface is made up of mixed with caleium ohlore
1de added to provide the moaiture for the compaction operatia
When the time comes for bleding and scraping it should te done
intensivly before the road dries out and the calci:m chloride
returns to the surface layers by eapillary esction,

Calcium chloride added to a rosd surfacd to maintain
constaat moisture content in the road at all times and prevents
raveling and dust hazerds, During & rain the calecium chloride
soluti~n in the s0il goes deerer into the rosd ted and on the

dry'ng ection of the road ted it comes to the surface again ty
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(Cont.)
moisture change and calcium chloride i1s added to ottain this
condition,

The elementary soll properties wtrich effect stability
creg the internal friction, chhesion, capillariiy, compres-iH -
1ity and elusticitye Internal friction and cohesion are the
properties rost desired in statbilizing soils,

Scil fines are made up of the fine sand, silt and clay.,
80il usortar includes all of the material passing a Yo, 10
sleve, and on which mechanical analyiss is determined.

The plasticity index 1s a measure of thre cohesion of
a soll, Plasticicty index 1s the difference of lisuid 1limit
and the plastic limit of a given soil,

For maximum stability yo: must hawes (1) true cohesion
of soll fines, placticity indes tetween 6 = 143 (2) resistance
of 80ll fines to water absorttiony (3) molisture film cohesion
in soll fines, Calcium ckloride serves this nurnose by absorbe-
tion of water from the stmosphere; (4) internal friciton of
soll fines, which regnires atoc:t ore third of tle soil fines
to be fine sandy (5) guantity of soil fines, 30 « 507 of soil
fines by welsht are required.

ihe funetion of the ealeci: m chloride is to provide the
moisture for the prorer cohesion in dry weather. Calcium chl-
oride will desolve 1in one pound of water approximatly one pound
of flake, lhe absorvtion power of calclum chloricde varies
with the relative humldity of the stmospler,

Evsportion from calcirm chloride solutlon decreases as

the solution increases wuntil a point of talance is reached.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murrey D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date QZQ /40
ABSTRACTS

Subject: _ Stabilized Soil Pound Road Surfaces,

Purpose: _ Study of Kesesrch Problem,
Reference:

Author: We Re Collingcs & L, C, Stewart,
Title: Theory of Soil Statiligation (Part 1)

Source: Enceneering lNews Record,

Dete: __Nay 24, 1934,

Volume and page: Vol, 112 pp. 6€0 =~ 64
Contents:
Soil statilization is defined as the proner combination
or adjustment of the various s0il fines and coarse material
to produce s nixutre that 1s stable !n ell %!nds of weather
and under all econditions of traffie, using local materials,
The stabilisation of a road surface is the same principal wih
caloiuwm chloride eddeddte supply the necessary moisture for
cohesion of the various materials.

The reasons for the growing porfilarity of stabilized ra ds
are (1) low cost, (2) minimum of maintenace required to maine
tain good roads, (3) hagzard of loose petbles and dust is elime
inated,

The constituents of & stabllized road surface are gravel,
coarse sand, fine sand, silt and clay, lhe moisture content
is a very important factor in soll stadbility, Small amounts
of water will act es a tinder and excessive amounts will act

ss & ludbricant, The moat stable soils will resist any radial
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MICHIGAN
STATE HIGHWAY DEPARTNENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date __ 4/9/40
ABSTRACTS

Subject: Stabilized Soil Bound Road Surfaces,

Purpose: Study on Nesearch Thesis,

Reference:

Author: We Re 00113&8. % Lo Co Stewart.,

Title; Traffic Tests on Trail Roads, (Part 1ll1)

Source; Engineering News Record.,

Dute; 9June 7, 1934,

Volume and page: Vol. 112, ppe 738 = 43

Contents:

General discussion of the construction of a test track
and of the operation of the same,

Some of the obervations weres

(1) wearing coarse mixtures haveing 507 soll mortar,
Pele should be tween 10 « 15 for the best wearing qualities,

(2) Some silt is valuadble in improving toth wet and dry
statility,

(3) Dry-weather raveling reduced by addtion of § pound
of calcium ehloride per square yard,

(4) A P.I. of 6 or more reguired to obtain ths desired
resistance to ravelingunder dry conditions when used with cale

eium shloride.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date 4/9/40
ABSTRACTS

Subject: _Stabilised Soilebound Koad Surfaces,

Purposeg st\ldy on B‘Bﬁ.rﬁh Pro‘l".

Reference:

Author: We Re couinga & Iuﬁ 0' Stewart,

Title; Construetion & Maintenanoce (Part 111)

Source: Rn&inooring FYews Reoord,

Dute: ___June 14, 1934

Volume and paget Vol, 118, pp. 772 = 78

Contents:

Drainage 1s the first essencial to sonsider in stabile
1z04 road construction,

Road mixing has been found to be the most adaptable
and most used method of mixing stadbilized rosd materials,

The moat desirable clays are very ecohesive and stioky.
Clay put on road snd then pulveriged with pring tooth harrows
or rolled $o erush lumps of clay. MNost of the mositure »ust
be removed to obtain degree of fineness desireds

¥hen shaping is started the materials are dampened slighte
ly snd extra material from windrows is dladed ia for eompast-
ion, Compaction should be continued until the surface is dried
out,

Clssium chloride added to surface and its purpose is ®
retain moisture and increase the cohesive powers. The crown
should be maintained at 1/8" per foot,
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Cost practically the same to build a statiliged rosd
as it does to resurface and stabilize the surface of an o0ld
gravel road, %he large item of the cost is the purchasing
and transportation of the eolay,

The average cost of the materials, lsbor, and incidentals
per mile was detween {275 and §300 for a stabilized roasd,

ihe maintenance cost is made up ofs (1) scraping exw
pense, (2) replacement of materisl lost from surface, (3) the
cost of the caleium echloride for surface treatment, The
scraping cost on a stabilized rosd ia only & out one half
that on a gravel road,

Stabilization with ealcium chloride reduces the loss

of material from the road surface as dust and raveling,






(Cont.)
materall passing the No, 40 sieve should te between 1 = 15,

and a liquid 1imit not exeeding 36. )

A erown of not more than £" and not less than #" shm 1d
be maintained, for surface drainage and any other precautions
for drainage should te carefully considered,
| Use about two pounds of roek salt per square yasd of
poad surface and btuild up road in layers of 1 to 2 inches

in thickness,
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801l stabilizati n 4s & proecess of combining the fricte
ion aggregates and the olay binder to produce & stable mixe
ure. For the elay te have it's maximum binding qualities it
mst have moisture end under evaporation the retention of tl
moisture calls for the addition of a miosture holding element
to the soll, and in a salt stabiliged road common salt is
used, The addition of the salt also ailds tre eciay as a binde
or and reduces the volumn of shrinkage and causes very little
change in the field molsture percentage,

When evaportati n takes place the salt brine ctystalle
izes and forms & erust which seals the surface from any fure
ther evaportation, When rain occures the erystals are desolved
and the brine solution settles into the road to rise again by
cappillary action when evaporaticn starts again,

For Saltestatilized roads tte plasticity index of the
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The general practice is to mix the materials on the
rosdbed for statiliszed roads, but now the prastice is leane
ing tword plant mixing smd hauling it to th.job in trueks.

The aticle gives a general plan and Myout of mixing
plant and details concerning it's operation,
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ihe meterials that furmish intermal fristion in the soil
are sand, gravel, ground slag or erushed stone, end the coe
hesion 1s furrished bty tre clays and t'e mositure filre in the
soils,

The gradirg of t'e raterisl is a deciding factor as to
stabilized conditon will be obtained witi a s0ils *he ultime
ate stability depends on the permanent admesive strength of
the dinder films between the soil paticles.



(Con' t)

factor and should te very carefully controlled. There is no
need for an excessiwe crown, but one of abtout .4 to .5 of an
inch should be amintained and tbis-give plenty for good draine
age too,

Maintenance on a stabilized road 1s different than on
oridnary gravel roads. EFElading should be done only following
a rain for two reasons, (1) Easier workability, (2) Presence
of sufflcient moisture to permit éonsolidati n and reshaping
loose laying material under traffice. Patching can be coarried
on with roads when weather does not permit tlading, end patch-

ing material same as original road metsal,
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lhe statilization depends on the gradiastion and propore
tioned quantities, quality of the binder siol, and the degree
of compaction with calcium ehloride added to give proper moise
ture films,
Caleium chloride was originally used only as a surface
treatment, but 1s now used as an integral treatment too.
Wwith the integrsal use of it, the compactlion has been greatly
accelerated and the moisture 1s regulated,
The materials were originally mixed on the surface of
the road with graders but at present they are mixing the
materials in either portable mixers or plant mixers on the
roads. “he compaction wes originally hendled with rollers
butit 1s present practice to do compacting with truck traffic
to a better advantage,
The erown on the stabilized road is a very improtant
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a thin leyer of the mixed materiel 1s added. This operate
ion continues until all of the mixed material 1s placed and tle
ocrown is maintained at #" per foot durirg the compastion with
controlled truck trafficy (C) afitor sufficient compaction the
road 1s smoothed with a blade graler.

With a plant mix the mixutre 1s hauled to the road and app-
lied instead of previous discription.

Average cost per m'le of stabllired surface 3" thick is
about $1,650, The plant mix avcrages & saving of (200 per rile.
lhe average yearly cost of maintonace per inile is #320 over an

18 mile sectione.
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ihe first consideration in stebilized projects is the loo=
ation of materials in proximity of the projects Clays used
for stadili,ati:n should have a high P,I., since it is & measure
of the echesive properties of the ey, Ono of the prims re-
quisis is a proper gradiation in the mixutre and the proportions
of each grade,

The steps in the eonstruction sre as followas (1) Windrows
all lloose material on the road to the eenterpy (2) add the mate
erial to the windrow to give a cousre 3" thigk and 20' widej
(8)Clay 13 added to give desired mix with the proper P.I.p (4)
dry clay out and blade 1t back to the shoulders of the roadg
(6) spread the windrows of gravel and then the glay over it with
the addition of ealeium chloride at the rate of 4 tons per milep
(6) mix the materisls throughly by tlad‘ng and windrow 4t to the

shoulders again by bladings (7) Road bed 1s molstened and then



Form L-316 F

MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wegoner Project
State Highway Commissioner No. __
RESEARCH DIVISION Date 4/24/40
ABSTRACTS

Subjects _Stabllized Surfaces,.

Purpose: __Study on Research Problem,

Reference:

Author: e Co Sourl,,

Title: _ Stabilized Soil ¥oad Haintenance,

Source: _Engineering Kews Record,

Dates June 27, 1938

Volume and page: VOLQ 114 ppe 910

Contents:

All of the loose and floating material should be avoided
on & stabilired roads during dry weather since it acts as an
abrasive and bresks down the road metal,, to cause raveling.

£}ading should be done only following rains so that the
surface 1s workable and the calcium chloride has penetrated into
tre roed so it will not te disturbed ty the tlading operations,

Small smounts of loose aggregate with sufficient binder
s0il may be bladed over the surface to fill the small holes,
Material for blading is stored on the shoulders,

Patching smell holes is not sdvisadle tut large hélﬁn sha 14
be filled with 650% graded gravel and §0f samd and clay mixture,
with 100 « 160 pounds of calcium shloirde per cubic yard.
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The trend has been to have eentrlized mixing plants ®
deliver stabilired road mix to the roadted for comprction,

The sdvantages of a central mixxing plent ares (1) the
uge of expensive equipment is eliminated} (2) dust luilanco
of mixing operation is eliminated, since the accurate is dele
iwered to job dampj (3) more accuarte eontrol of properties
and bétter mixing can te sttoinedy (4) costly delays are ele
iminated while wéiting for materials to dryp (5) road building
season lengthed to nearly entire, yeary (6) may be used ty
commnities who don't own equipemtn for doing their own mixing.

ihere 1s & gereral discussion and discription of the

oentral mixing plant and its operation.
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Stabilized construction involves the use of & large mrt

of the existing road metal and subgrade in conjunction with sdde
i1tion ®f binder siol 23 a cementing medium,

The road selected was graded downknﬁd loose material was
windrowed on the st dess The stabllizeing material ingredisnts
were added to the road and mixed throughly, %here were three
seotions tested, (1) w th ealoium chloride, (2) calcium magnesium
ehloride, (3) roack salt, «ll sections were compscted and worke
ed in the same manner &nd after compaction tre only variation
was in the moisture sontents.” Calcium magnesium chloride was Mhs
most and rock salt the least satisfactory, btut all were found to

give satisfactory surfaces,






(Con't,)
act to furnish structural strength, hardness and friction. The
fine sand adds inbedment support to the coarse sand. <£ilt acts
as a filler to prevent the granular particles from roeking.
Clay and colloids furnish close texture to have fine molisture
£1lms to produce hi;'h coheslon.

lhe necessity for maintaining the moisture in the clay
binder 1s taken care of bv adding salt to the statilized mixture
and this acts to retaln the s~il moisture,

If 1s very emsential to have proper dralnage on statilized
roads and without it the roads are not satisfactory.

Roads of this type need very little maintenance and when
bladed i1t should te done following a rain or in the spring.,
when the surface 1s workable and will not tear up wren vorted,
Applications of salt and new material are made in the spring
and compactéd down as part of original road metal, PFinder mat-

erials may be taken from the sroulders wren needed,
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‘he secondary roads can be divided into two classess (1
floating surface typej (8) soll stabilized type. On the floste
ing surface type the materisl 1s loose and requires some gone
stant mainteneneoe to have good surface while on aoii statilised
type the coarse material is held in place by the binder soil,
This type does not reqg:ire constant meintenanse end remains a
good surface,

A stubilized road consists of & eompacted wearing course
of gravel, sand, end the natural scil binder, which includes
sand, silt and clay., Jheme materials are mixed to give all
waather stabllity.

The reqrirements of a stabilized soil rosd are that it be
lasd and compacted to conform to a satisfactory grade, typical
ocrossesection and satisfactory finisted surfeace.

In a stabtilized road tle coarse aggregate and coarse sand
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Job consistes of mixutre of mne part clay t- weight to ten
parts of sand and one pound of calcium chloride per square
yard 1laid. Afger surface as been down two to four weeks, and
well compacted, &n additional # pound of caslcium chloride per
square yard is spread only on surfues.

Article gives a general procedure of constureting old
road inte pew stabilized surface and a discussion of the mixe

ing plent and its operation for stabilized materieals,
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Vol. 79, ppe 56 « 60

This article deals with the digscussi~n of the duilde
ing up of & road and finding 1t hot suitatle for traffic ,
they proceeded to stabilize it by the addition of soil binde
er and calcium chlogide which produced a very satisfactory
road.

The aggregate on the roaed was mixed with fine sand
and ckys The elay had a plasticity index of 14, The pro-
portions were, 558 cosrse eggregate, 20§ sand, and 257 olay.
One pound of calcium chloride was added per sq. yd. of sure
fece and one pound per sqe. yard added Ja ter on surface.

The maintenace eost was cut condisderadly on the

stabilized roads,
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There 1s a general grading scele given and the ame
ounts of each used for the test results, The P.I, for tke
materialpaasiné a No. 40 sleve is glven as tetween 6 = 15,
and the 1lilgvid 1limit not to exceed 25,
| l1here 1s a generul dlscussion of construction metlo ds
and the mixing of the stabllized materials,

The seasoning period 1s the perlod during compact=-
ion and the cs8lcium chloride plays an improtant part drring
thils period. It lowers the vapor pressure of the contained
molsture and thus reducing evaporation, therety glving greate-
er density with the sare degree of compation,

ihere is a dixcussion of tre maintenance of stabile
ized roads. Plading should e done only follow!n~ & ra’'n,
when the surface 1s vorkable and the chloride solution 1is
far enough in the road ted so it will not bé exnrosed and
wasted. 'C;iqium chloride should te aprlied to the surface
to maintain, the stal ilized surface and these mpplications

ere made following & rain or early in thre mornings.
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Main principle in ststilization 4s to ottain the

maximum density from the exis'ting sourees of materials to

gilve year around sfabllization.
4

o muech clay mekes roads rutty when wet and not

enough cley will make them dusty and cause a lose of tle roed

metal,

A starilized road 1is wvitsally dependent on the cone

tinued presence of moisture in an avtimum amount and tiis is

obtainred by many engineers bty the use of calcinm echloride as

& moisture retentive,

“he grading of soll msterials should te such as

to furnish sufficient coasre aggregate to assure resistance

to abrasive action end to provide ecarse and fine sand in

proper propertions to interlock and prevent sliding during

wet weather,
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The base 1s compacted in 1 yers st out 3" thick
and with regulated truck traffic or pneumatic tire rollers,
Loth sodium % Calcium chloride have teen used to
retain the molsture during the compactlon peridd, and they

have both teen found very effective,
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Corron rractice 1s to lLave a stalbilized tase fr-m

3" to 12" thick and tlie avera.e runs &round 3", The stalbile
12ed tase should be 2' « §' wider than the road metsl to
prevent weering of the edges, '

The tinder s-"l, clay, should 'e throughly pulverized
tefore spplying tre ecmpaction to the road survaces The cRy
may be pulverized on the rosd ted of in the rit with pulvere
ing machinery.

The materials xay te either r-ad mixed or plant mixe
ed dependinrg on the conditions end the Adistence of haul, In
the final stages of the mi-ing the moisture content muck b
oorredted to the plastie limit of the mirture., ¥The moisture
content has & direct bearing on the density tlat ean be atte
ainted wpon ocompaction, and the moisture content must te

maintained throughout thre compaction period.
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cium chloride 1s specified to mi-tire about 2/3 is added to
mixture and remaining 1/3 added to surface of the compacted
road‘metal.

Experience ras shown that & pneumatic tire roller
is the test method of compaction since it provides a knead=
ing action along with the strai ht compaction., Vhen compacte
1ngth§ proper crown shouvld te maintained s’nce 1% will alldow
surface water to run off and willl pre ent raveling.tThe crown
should te mainta‘ned tetween 1/2" and 5/8"per foot.

All rladin~ of surface shorld be dnne following
rans wren tre roasdi metal 1s wor! atle ard tre chloride 1is
telow the road metal sufficiently to prevent it from beling

exposed directly to thre dair and wasted.
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ontents ine elassification of stabilized roads arej(l)

naturla soil mixfures, (2) treatment with substances involve
ing chemical reactions productive of permanent erystallizae
tion, (3) treatment with bituminous materhi, (4) treatment
W th a flocculatifg substances, (&) treatment wl th a floce-
ulating chemical, ss calsium chloride.

The plesticity index ranges between 6«15 for mate
erial passing a 40 mesh sleve., The thickness varies from
3=12 inchea depending on the base,

The soil binder is pulveri:ed on the road ted by
traffic and also by working it with harrows and dishs, Yhen
properly pulverized the soil binder is mixed with the gravel
materila end spread on the orad bed to insure through mixe
inge When spread out on the road it is sprinkled with wate
and compaction of layer atout 3" tlrick 1is starteq, Whenv cale



(Cont't)

There are three methods of construcing soil graded
roadss (1) Plant mixy (2) ‘oad mixj (3) Stage Construction,
In stage éonatruction the material 1s Just sdded to the road
in amounts needed and it 1s depressed with traffic action
and 1s regulary tlaeded and dragged.
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Admixtures of soil materials are to provide a road
material containing enough coarse agcregate to resist the
etrashive edtion of traffic, coarse and fine sand to pro-
vide interlocking action end prevent slidiﬁg; silt to act
as & filler, &nd provide ¢apillary tod and clay to retain
minute cohesive films to give starility., A delequesent
chemical 1s added to maintein thre axrface dampness and cale
cium chloride is used for thls, *hese chemicals have the
property of absorting moisture from the air and slows up aete
ion of'ovaportetion.

ihe statility of a soil is dependent on the thin
films of moisture surrounding the soil particals and the
funtion of the calcium chloride is to displace thre air films,
that originally s rround the particles, with moisture films,






(con' t)

Shrinka,e and swell rmust te under complete control
is 801l 1s to have proper stability for ure in road bullding.
Drainage 1s one of the prime requisits for good road construe
ction,

Potassium clay is the most stable sfince it has less
molecules surrounding it, and lithium clay the most unstatle.

lhe primcipal aims of soils statilization arep (1)
make soil as dense as possitle; (2) to prevent moisture films
from changinge

Subgrade solls for the maximum statility must have
the proper proportions of additional eggregate and Binder
soil, ‘he dersity of tre proportions depends on the thicke

ness of the moisture films,
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501l stadbilization is tlre process of giving natural
80oils enought adwasive resiatarce ars shear strength to aco-
omodate traffiec or loads uden rrevalent weather conditions,
without detremental deformation.

The optimum water contert 1s fundamental with grade
iation.

The general methods of accomplishing stabilization
are as followsge (1) selection of natural soil wi th Linder
which fusmishes hich stabilityy (2) Adding soil tinder to
granulsr material or adding granular materials to claysg
(S) Treating ¢raded solls with delequesent substancejg (4)
waterproffing soil with tituminous surfacej (5) densification
of naturla soll bty sny means, 2he tlocation will decide he

method to te used and tre materiels to te used,
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Article desls with testing methods end the classe
ification of soil., %he important properties of a soil arej
(1) Texturey (2) Colorsy (3) Structures (4) Consietency}

(6) compressatilitys(®) Chemiocal composition., These are he
properties that are moticed during the so il survey.

General discussion and discription of the tests run
to determine properties of the so0iles Surch tests as plastiec
limit, liguid limit, lechanical analysis, 4oisture equivale
ents and shrinkace tests,



e

PP

-




Form L~316 F

MICHIGAN
STATE HIGHWAY DEPARTMENT

Murray D. Van Wegoner Project
State Highway Commissioner No.

RESCEARCH DIVISION Date 4[&[‘9

ABSTRACTS

Subject: Soil Stariligation
Purpose: __Stnudy on Hagasrah Problem,

Reference:

Author: VvV, J. FPrown,

Title: _So1l stabilization (Part 3)
Source: _Roads & Streets.
Dute: April 1938
Volume and page: __Val, Bl, pp 33 = 40

Contents:

irticle contains a general discussion of the methods
of mixing aggregaéea and the mi-es used with gradation secales,

Diécucsion of four types of statilized road surfacesjp
(1) Graded mix of test local materials, (2) éraded mix with
propertioned mix, (3) Graded mix with tituminous surface

treatment, (4) Fatural soil tase statilized with mdmixtures.
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STATE HIGHWAY DEPARTLENT
Murray D. Van Wegoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date 1/§QZ'§Q
ABSTRACTS

Subject: __So4d Stabllizatiem
Purpose: _Study on Resegrch Problam,
Reference:
Author:_V, J. Erown
Title: _So11 Stabilization (Part 4)
Source: _Roada % Strasta
Date: Mgy 1038
Volume and page: __Vola 81, pp,e 33 @ 30

Contents:

General discussion of soll tests concerning intere
nal friciton, cbhesion, shear snd moisture variations,

By eonstructing curves of differsnt properties dd
conditions of saturation or maxirmum density, from these curvo;
you can determ ne the future behavior of the soils for Aiffe

erent fleld conditonse.
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State Highway Commissioner

RESEARCH DIVISION
ABSTRACTS

Subjects __ S04l ctabilization
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Project
No.

Date _4f30/40

Purpose: __Ctudy on Resesrch Problema

Reference:

Author:_Frank “‘ § Newman, Jr,

Titles _Soidl Starilization (Part B)

Source: _Roads & Streets,

Date: Ceptemter 1938

Volume and page: __Vole §1, DDe 44 = 49

Contents:

The article deals with a discussion of the test

methods in the Texas highway Department in solls stabllie

sation work,

The most importand soil tests used are lisuid limit,'

plasticity inddx and linear shrinkage,

There is a comparison of a nukber of tests samples

ta'en from highways of known behavior and correlated snd é¢harte

ed.

ihe present req:iremonts of the Texas Highway Departe

ment areg (1) Passing 2%

.Ql..l.‘.........lo%

Passing 40 mesh cescescvscsccsces 16 @ 56%

Passing liquid 1limit of dinder .+ Less than 45
Plasticity index of soil bindere.s Less than 18
Linear shrinkege 801l binder ...« Less than 8.5
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RESEARCH DIVISION
ABSTRACTS

Subjects ab! atio

Form L-316 F

Project
No.

Date ‘[30 [‘n —

Purpose: __Study of Research Problem,

Reference: -

Author: Y, J. Brown

Title: _Soi) Stelilirzation(Part 6)

Source: ngdg k Streetsge

Dete: _Decemsber 1938

Volume and page: __ Vols Ela PPa 43.e46

Confentsz

The article expleains the use or and advantages of a

ltabiliomater for determining usuable valnes and the prine-

ciple upon which it is buils.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date _4/30/40
ABSTRACTS

Subject: __Starilization of Soils,

Purpose: _ Study on Resesrch Protlem,

Reference:

Author: Je¢ Cs Flack

Title: Produetion and use of statilized Maintenange Material in
Southern Michigan,

Sources Roadsg & Streeta.

Date: __June 1938

Volume and page: _ Vol, €1,.PDP3s.37 » 39
Contents:

The article gives tlre specifications set up ty the
I'ighway Derartment for the job and tre amount of mcterials or
ingrediants to use for said §9db.

lhere is a genersl discussion end dincrintisn of the
equipment and operation of such equipmsmt and the stabilise
ation practice, .

The suthor tells of the hauling and placing of the
statilized material on the road shoulders and the compaetion
used, 7The project proved very satisfactory and is used a

great deal today in all sections of tre country.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wagoner Project
State Highway Commissioner No.
RESEARCH DIVISION Date _ 8/1/40
ABSTRACTS

Subject: __Stabilirzed Soilas.
Purpose: Study on Researcl: Froblenm,

Reference:

Author: Ee Ae Willls

Tiile: Graded soil Mixtures for Road Surface and Pase Courses,

Source: ROIdS & Stﬂ.t.c

Date: January 1939

Volume and page: _ 'Ole 88y ppe 25 = 30

Contents:

The fo'lowing primciples were presented in the article:
(1) contrél of both grading and plasticlty index of tlhe mixe
tures nesessary to assure satisfactary service tehavior
over a peroid of years,
(2) Through mixing is necessary to insure uniformity.
(3) Pressence of controlled amount of water is necessary bee
fore cbmplcting action can produce maximum density., About
€%« 124 of water needed,
(4) Should have completed and stuffieient eompacticn of tase
course before addingz surface ccurse, to reduce movement in
the base course.

(8) Loecal materials can be used if properly proporticned.
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MICHIGAN
STATE HIGHWAY DEPARTMENT
Murray D. Van Wegoner Projecct
State Highway Commissioner No.
RESEARCH DIVISION Date _j»tk“n
ABSTRACTS

Subject: __gtabilizationof-Sollss

Purpose: __Study on flagearch Prablem,

Reference:

Author: Ds Me Furmistuer

Title: _Essential Uonsideration in Stabiligation of Soils.

Source: _fmeriean Soclety of Civil Engineers Progeedings,

Dete: __ /3ril 1036

Volume and page: _ Vols 64, ppy 792 < 97

Contents:

Article contains a discussion of the essential
quealities of soils for stabilisation, and slos a number of
hhysicsal relation that are fundemental,

Some of the physical relations eonsidered are,
fineness, grading, plastie charaecteristics, coarse fractia
of soil and clay contents 3lhere is also a general discusse

ion on eompacti-n tests and tle grain size determination.
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