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INTRODUCTION

The purpose of the msmuscript is twefold: First, to explain
some of the basic factors which must be considered by {ndividuals deal-
ing with suilecement stabilization, and second, to present the epplication
of the principles {nwvolving the basic factors to design problems. 1t is
assumed that the reader has a knowledge of the fundamentals of soil me=
chanices and comerete.

To sccomplish these two purpeses an extensive examination of
published sources was made. Material from the Highway Research Boerd,
Bureau of Public Rmads, Portland Cement Association end other sourcas
was assembled snd suomarizgd in Chaoters 2 fo 6., It is believed that by
bringing tegether this scattered material into one place it may be a use-
ful contribution. Beyond thiz, an effort was made by memns of a question-
naire to sssemble performance records frcm a mumber of highwaey depertments
vhich built rosds using this technique approximstely twanty fiwve yesrs
ago. This material was then anslyzed in view of existing comditiens such
as traffic and wheel load,

It has been & major consideration to discuss the factors undere
lying these concepts, It is lnevitabla that the factors can best be
fillustrated by referrins ¢to present day practices.

An attempt has been made to balamce thnry and practice by
dividing the mamuscript into several chapters, In the first chapter the
fundamentsal principles of stabilization are discussed, such a=: adsorption,

=
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film moisture in soll, effect of water [llm charactar om properties of
roil, type of soil stabilizacion, sdmixtures affect moils in a number of
ways, admixtures of portland cement and bituminous materials. In the
second chapter the methods for seil survey and soll sampling are saalysad,
In the third chepter all soll cement tests are discussed and described,
They are moisture-density test, deseription of moisture density test
method, percent cement by volume at maximms denaity, field moisture dene
sity checks, determination of optioum moisture by wetedry and freesze-
thaw tests, conducting wet-dry test, calculations, conducting freeze-thaw
test, determination of optimum moisturs by compressive strength tests and
estimation of cement requirements, In the fourth chapter soil cement road
construction is discussad, under euch headings as: initial searifying,
pulverizing, cpreading portland cement, raw soll wmolsture samples, mixing
soil and portland cement, soil cement moisture samples, water spresding
and mixing, moisture~density control and compaction procedures., In the
fifth chapter some important problems related to soilecement stabilization
are discussed, They are the stabilizatien of heavy clay soils with
cement, effect of organic matter in soll cement stabilization, discussion
of calcium chloride terts, guuboti]l soil by lime and portland cement ade
mixtures, ecuring of =oil cement bases, chemical determination of cement
content of soll cement mixturce from cement hardened bases, In the sixth
and last chapter the questiomnaire replies are anslyzed snd discussed,

It hae been impossible to discuss all the applicaticms of seil



cement stabilizstion which might arise, For example, use of long time
mixing for high clay content soils to increasse the strength of sedl
cement stabilizatiom can be applied to many high clay content soils, but
only one applicatien 14 discussed, There 15 also an analysis of the
mechmaics of stabilization., Thus if the reader establishes firmly in
his mind the stabilization process, he can f£it this information inte

epecial problems as thay arise.
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CHAFTER I
CONSIDERATIONS IN THE STABILIZATION OF SOIL

Many soil mixtures commonly used for road surfaces, at some moise
ture content, are highly stsble. This {s true of cohesiomless beach
sands, frieble glacial silts, and highly plastic clays. Becaume of
this every possible cosbination of sand, silt and clay way de used as
the aggregate in stabiliszed scil, that is £f the right binder iz used
to cement the soil particles together. Alomg with the right binder,
the moisture which binds soil mixtures into masses stable enough to
withstand great asbrasion must hgve surface tension and viscosity
greater tham thoss of free Wwater. On the sbove two facts is based the
entire theory of soil stabilization.

Without trying to evaluate the practicsl aspects or the relative
values of the different methods, the underlying principles imvolved {a
soll stabilization and the poseible means of its accouplishment will
be discussed. “articularly stressed is the application of tha colloidal
phenomena showing the affects of adsorptiom and base exchange on: (a)
particles of soll, sand, crushed rock, gravel, slag costed with filme
of air, water, soluble chemicals, and binders not soluble in water;

(b) the relative adhesion between solids and films; and (c) the effects
of the chemical composition of aggregate a:l binders end the Lfons on

the surfeces of the solid particles,
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Types of treatments are as follows:
1. Graded soil mixtures

2. Calcium chloride

3. Sodium chloride

4. Asphalt emulsion

5. Asphalt, sub-oiling msthod

6. Asphalt, mixing method

7. Tar

8. Portland cement

9, BSulfite liquor

10. Molassas

11. Calefum sllicata >
12, Flectro-chemical treatment

13. Applicatiom of heat

Adsorption
Some soil particles have high attraction for air, and under pro=

pur conditions, bsccme coated with air films., Other soil particles have
high attraction for woisture and, under proper conditions, become cove
ered with moisture films, Strong wasses may be formed by dried soil
clods which retain enough molsture to bind the particles inte these
masses. On the other hand, air may be adsorbed on goil solide so
strongly during a period of drought that drops of rain will roll alomg
on dust without wetting it. Adsorption of ome solid by another is the
gquality that plastic clays possess. It 1= his pover that gives them
the ability of retaining their plssticity whea mixed with send or other



noneplastic material. The clay 1s mot distributed uniformly through the
pores or incersctices of the coarse particles,

In order for sell particles to get wet, the vater or other binder
wmust displace the air coating on the partliecles. This means thet the
soil particles must attract the liquid wore stromgly than they attcact
the air, In this same msnner, clay sdsorbs different liguids to diffar-
ent extents. Clay‘'s power of adscrption is selective and under suditsble
conditions, one liquid will displice smother in contact with the clay.

Film Moisture in Soil

In conpletely saturated soll, every particle is covered with a
f4lm of molsture attracted to it more strongly than by the force of grave
ity. Uatil encugh water is added to thé ';oil to balmece the condition
of equilibrium between attraction of gravity and of the soil particles
for water, all the moisture is arranged around the particles as films,
with the interstices between the films filled with air,

Chemical composition of soll is indicated by the ratio
of silica to the combined iron snd aluminum oxides. This
ratio 1s termed the silica sesquioxide ratio and is des-
ignated by the symbol, 8407 . Clays high in eilics, termed

R203
"podesols”, consist principally of the highly water-sbsorbent,
scale=like particles productive of high plasticity and
shrinkage. Soils high in iron and alumina, termed "laterites",
consist more of the bulky or sphexical particles vhich do not
attract water so strongly, )

A colloid vhich holds hydrogen adsorbed on its surface
is termed a hydrogen-ionized or Hecolloid. Ome vith caleium
adsorbed on its surface {s termed a calciumefonized or Ca-
colloid. If a substance like hydwrated lime, Ca(0H)g is
leached through soil containing He colloids, the caleium re~
places the hydrogen to form Caecolloigds, and the hydrogen
thus released combines with the (OH), to form water. Such

exchange of ioms is termed "base exchange”.



The potassium ion is representative of those ions which
undergo small volume change when alternately wetted and dried.
It has » true dismeter of (9 x 10~9) in, snd in suspensiom
becomes associasted with 16 molecules of water, thus attaining
an appareat diameter of (21 x 10°9) in. The lithium ioa is
representative of those ions which undergo grest volume change
vhen alternately wetted and dried. It has a true diameter of
(6 x 10~9) in., end becomes associated with more than 120 mole-
cules of water thus attaining an apparent dismeter of (40 x 10-9)
in. Between potassium and lithium other of the more common
metallic ions can be arranged in the order of their attraction
for water (36). Therefore, 2 potassium clay would be expected
to underge the least, snd a2 lithium clay the greatest, volume
change under climatic variations. Change of ifons on the sure
faces of the clay and colloidal particles effects 2 change in
shrinkage, swell, and like properties on which the stability of
the soil depends.

The concentration of the hydrogen ione determines the
relative acidity or alkalinity. It is indicated by the pHe
value which may be defined as the reeciprocsl of the logarithm
of the grams of ionized hydrogen per liter of solution or

suspension., The lower the pHevalue is below 7,0, the greater
is the acidity of the liquid and the-greater is its base~

exchange capacity.l

The thickness of film on the colloide is countrolled by tha molse
ture content of the clay. This, inm Eturn, determines the density to
which a particular pressure will compact the soil. The relation batwassn
dry-weight density per cubic foot of samples compressed at equal pres-
suree, to the moisture contents in percentage of the total scil and
mofisture volumes, consists of a series of straight lines with differest
slopes, as shown by the full lines in Figure 1. 77 the brokem line in
Figur- = . .owa tise relation the density would have to molsture con~
tent 1f the samples contained more alr, '!ho difference in moisture con-

tents indicated by the two lines represent¥ the percentage of moisture,

l¢, A. Hogentogler, and E. A. Will¥es, B%%m_q!m
gan Society of Civil imglmeering, vol. 103, 1165, 1938.



by volume st any demsity required to replace the contained air. The
limits of four distinct stages of wetting which the coepresced samples
undergo before their pores become completely filled with water, 1is ine
dicated by the moi{sture contemts at which the straight lines intersect.
Wetting up to a moisturs content of approximately 21T (Figure 1) mey
be called the =tate of Hydration. During hydration, part of the con-
tained water is absorbed by the soil particles, and the remainder is
adsorbed on their surfaces in the form of cohesive filma, The stage of
"lubrication" is indicated by moisture contents ranging from approxi-
mately 21% to 31L. To facilitats the re=arrangement of particles
being compacted without excluding all the aiyr, pert of the comtained
moisture acts as a lubricamt, Water in oXcsss of approximstely 31%
causes the soll mass to "swell”, bacause the air content decreases very
1ittle vherszas the moisture content increases to 48%L. The rtate of
"saturation", during which practically all the air is displaced, is
reached at moisture contents approximately between 487 and 54%.

The molisture content (31% in this case) at which maximum density
iz reached 12 tha optimum suggested by R, R, Proctor, for use in con-
nection with the comstruction of earth embankments end dmms. During
eold weather the adsorbed films are usually thicker than in warm

weather, This makes temperature an important factor.

L]
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The water which f1lls the interstices remsining between the outer
surfaces of the adsorbed woisture films and not the pores between the
surfaces of the soil particles is called free or pore water, The Ilow
of the water through soil likewise occurs between the films adsorbed on
the particles, Az a vesult of this flow, the speed at which water per«
colates through soil, varies wherever the thickness of the adsorbed film
changes. The moisture contemts indicative of some specific state of soil
stability similarly varies vhen the viscosity of the free vater chamges.

Due to the change of the kind of sdeorbed ions om the

AT



particles of onme type of soll, the liquid limit varied
between 39 and S7, the pPlasticity index betwe:n 16 and 40, and
the percentage of colloide between 11 and 28. The moisture
content inerease, indicating the swell of the samples in the
Terzaghi compression device when the pressure was reduced

from 3.2 kgr. per sq. em, to 0, varied between 1 and 5
percent,?
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The optimum moisture content at which maximm density is reached
is not a constent for a particular soil, but variee ae the compacting
pressure is changed. The reletion of .ptimum moisture content tec com-

pacting pressure, attained densities, and stabilitiecs, ave shown in
Figure 2.

Sypes of Soil Stabilisstion

he availability of required msteriale largely determine . ¢he
methods to be used in soil stabilization. In some locations, such as
the southeastern part of the United States, nature provided depozits
of sand, clay and top roll having the grading and character required
in the best of road soils.

In come locations, binder soils and’ aggregates are available
for producing mixtures having the properties of the best of the natur~
ally good soils., 1In other locations, materials ere availsble for the
graduations required in roads, but the binder soll may be of inferior
quality, FPinally, there ave locations where there is deficiency of
the aggregate required for properly graded mixtures.

Studies of the best of natural road soils indicate
that the design requirement of the stable soll mixtures should
indicate the following:

(1) The aggregste chould be hard and dursble enough to
resist weathering, traffic sbrasion, mnd erushing., Sound,
tough particles or fragmeuts of gravel, stome, slag, or come
binations of them, crushed to the proper size, should prove
suitable. Certain types of shales and similar materials that

bresk and weather rapidly vhen alternatély frosem and thawed,
or wetted and dried, should not be used.

(2) The soil fines should be of 2 character such as
to provide graded miztures with the préper balance of capil-
larity and adhesion without risk of detrimental volume change.



It 1s particularly essential that the fines do mot swell
enough in the presence of wolsture to cause the clay particles
to become & lubricant instead of a binder.

(3) Vhen local materials are svailable for the propex
proportioning of aggregate and binder soil, but the natural
clay does not have the binder value requived in highly stable
road surfaces, a number of aduixtures may be used singly or in
some combination. There are, first, the chemical salts;
calcium chloride, sodium chloride and magnesium chloride; and,
second, the waste products of industry, such as sulfite liquor
from the menufacture of wood pulp, "blackstrap" from the
molasses industry, and huge sccumulations of waste sives of the
mineral aggregate industry.

(4) Vhen only fine or poorly graded materiale are availe
sble, the asphaltie, tar, and Portland cemeant binders nay be
utilized to provide stable base courses to be covered with
bituninous surfacing.3

Among the waye that adnixe\n-u.;uy aseist i{n stabilizing
solls are the following:

(1) By adsorbing moistures from the sir aund reducing
evaporation from the road surface, some chemicals may sexrve to
keep the roads in a demp condition,

(2) By electro-chemical actiom, chemicals and the waste
products may serve to inerease the denmsity and stability of road
wixtures.

(3) By chemical action, the same materials way combine
with each other, or with certain of the natural clay constituents,
and thus form water i{nscluble cements of high binding value.

(4) The Portland cement and bituminous materiale sexve
the double purpose of binders and of eliminat the destructive
water-shsorbent properties of the clay hinders,

3!!“., P llﬁ'g. ks

41pid., p. 1170,
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It iz bard tc distimguish between the electro-chemical and the
purely chemical metions of admixtures for increasing the stability of
soll. However, alone or in some combination, they seem to sxplain both
the parformances of soil roads in service end nlso to nuggeet relatively
aimple procadurss for future cemstructioa.

Admixtures of hydrated lime, and certain types of stome dust
seem very well suited for increasing the adhesion of bituminous binders
for cartain soils, Chloride salts, by slectrolytic action in additiom
to thair deliquescent and water retentivi actioms, wmay cause the com=
pacted mixturs to attain demsitise greater than untreated solle. The
salte alzo minimize the volume change of the binder which is productive
of disintegration of ths untreated surfaces with changing moisture con~
ditions,

Mixtures of acidic and neutral materials seem to attain greater
stability than that of either one separately, Limestone dust as well
as certaindags seem well suited for use as pre=treatments, or with
other mixtures to neutralize acid soils., This may In especially good
in the case of siliceous clays. In some base courses now balng con-
structad, an acid clay is mixed with non-ascid aggregate.

In the formation of material collolded cements one has to com=
sider two types of either rock powder or clays. The first type consists
of those which on soaking in water or ntu:y solutions, soften to the
axtent that they become slightly glue-like. Tha other type would ba those
materials vhich do aot possess this qnaltty-. To a small extent, many of

the sandstone, trap snd limestome pdwdnrn‘iia {n this wey made glus-
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like and more so by water soluble inorganic salts,
As a result, it is possible to construct low type surfaces of
only vaste limestome or slag screening trasated with the chloride salt

molutions,

s of Portl Cement and Bit ; Materdi

Attempts to stabilize the fine grained soils by admixtures of
lime and cemsnt materials were made in Iowa and South Dakota as early as
1924, and in Ohioc sewveral years later. The results were not wvery prom~
fsing, but it rhould be remembered that at this time, the requirements
of the thorough diatridbutica of the admizxbture, the high degree of come
paction and the protective surface treatment mow used, were not recog-
nized.

As recently as 26 years ago, research om tha use of Portland ce-
mant for stedilizing soil bases had been conducted in Seuth Carolina,
The purpose of this vork has been to develop 2 base material that could
be comstructed at less cost than that required to provide one of prop~
erly graded sand, clay or tepsoil,

The results of these experiments looked so favoreble, that a num~
ber of similar roads are being constructed in other states. Experimental
base courses constructed with availeble soil matexrials snd the various

tars, asphaltic emulsions snd cut backs, and oils show similar promise.

Summary
A review of the development of soil stabilization points out tha

fact that the main meens followed in practice until several years ago,
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involved the use of granular materials, With the rising demand for fmm
to-market roads, the use of water retentive chemicels was found te be a
valusble ald in the construction and stabilization road mixtures. Ate
tention was next directed toward the use of water-insoluble binders,
including bituminous materials snd Portlamd cement for stedilizing pporly
graded and fine-grained soils,

(1) Soil stabilization involves film phenomena in ome or
more of the following steps: (a) Removal of the air film by
wetting the scil particles; (b) meking the liquid films stronger
and more lasting by use of deliquescent and watereretentive
electrolytes; (¢) use of waste aggregate materials to provide
the proper neutrality of the mixtures; and (d) replacement of the
liquid or air films with bituminous materials, Portland cement,
and other insoluble binders im the stabilization of fine or poorly
graded soils,

(2) Admixtures which heve been “found unsatisfactory for
treating road surfaces subjected to abrasion by traffic and ac-
tion of the climatic elements may provide benefit when used in
base courses protected from these influences by impervious
bituminous surfacings, The use of adhesives is not expected or
intended to render the soil sufficiently hard or tough to resist
the abrasive action of traffic, but simply to render it resistant
to water from capillary and thus to retain the same stability
that the soil had at the density obtained during construction,

(3) Use of matural seil with the thinner films, or
chemical solutions to reduce the thickness of the films and
thus provide grester density, furnishes three distinct bemefits
to soil structures in service. The thinner the films the
omaller 12 the guantity of free watex that cen be rcleased as
the soil becomes warmer. Consequently, soil with chemically
thinned films retain greater uniformity of stability under

changing temperatures.5
neduced film thickness helps il to reach high density with lesa
compactive effort. This would lower the cobt of compacting f{lls, and
earth dams, and less time would be required under equal traffic comdi-

Smid., p. 1179,
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tions for road mixtures to become stable. e last aid of reduced
film thickness is especially important in base-course comstructioa,
This is because base-course conatruction requires highest density pose-
eible in the shortest time, in order to prevent additional and, pere
haps non-uniform compactiom of the base-course, after the wearing
surface 15 applied,

The freezing point lowers as the thiskmess of the film dimdni.
shas, Because of this quality, the denser the svil at wlatively low
moisture content, the less likelihood of the film freezing, evem 1f
the soil consists of water alone. A double protectiom eguinst damage to
stabilized soil, due to frost, is obtained when the chemicals used
also depress the freezing point.

From a practical stand-point, soils that asre particularly sem-
sitive to small changes in moisture content are undesirsble for em
bankment construction. Such soils when used a8 binders in stabilized
road mixtures, will react quickly to variations in moisturs content
with consequent changes in stebility and cementing properties, The
basic relationship between soil particles and surrounding moisture
films 're appliceble to both emwbankments and stebilized soil read:.
Any tests revealing these relationships are valusble aids in the de-
sign and comstruction of either esbankments of stabilised soil roads.
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CHAPTER 11
EOIL SURVEYS AND SOIL SAMPLING FOR SOIL~-CEMENT

The field engineer, who actually selects soil sauples on which
soil-cement testing will be cooducted, will fiund this chapter to be
of psrticular interest.

Soll surveys cean be thought of in texrms of aggregate Surveys,
the resson being that soils are the aggregstes for soil-cement com-
struction. Thus, the need for care and mccuracy in coanducting these

surveys is . spparent

—Seoil Surveys

Included in a soil survey is am cul;imin of soils existing
over a definite area, a description of these soils and a location of
the limits of extent of the verious soils. There ara twe gemeral types
of soll surveys. Oma of these types is a survey of existing rosduay sub-
grades that are at present at proper grades, The other is a survey of
new locatioss vhere the grade 1ine has been set down on psper, but not
yet graded in the field.

In either casa, the first thimg to do is to cbtain a general lay-
out map of the project, aad the grading and ground profile plans.

Two things ahouldhmtud.nduh;m a golil survey for
soll-cement comstruction. The first of these is to obtaim informetiom
s0 that samples of each soil type and horizon cam be tested for cement
vequirements in a lsboratory, The second is to obtain emough informa-
tion concerning the location of the warious soil types and horizons so



that the laboratory findings can be properly used during constructiem.
This may include the use of selective grading so that the best soils
¢an be placed in the upper position of the subgrade.

The varicus layers of the soil profile sre studied through the
#, B and C horizons, The C horizon is studied deep emough to include
all materials that have been or will be excavated for the project., Or-
dinaerily, these are marked physical characteristice asccompanying the
soil forwing processes. These characteristics ave expressed by differ~
ences in e¢olor, texture, structure and consistency in the profile.

Also noted are the chavacter of the topography, dreinage condi-
tions, vegetation, depth of roots, and the grain size of the soil.

An inspection of the upper 10 ia, of the subprade will usually
follow the profile study. This inspection will be made at sufficiently
¢lose intervals so as to locate each change in soil type. It may, how-
ever, be necessary to ilavestigate the soil condition to & much greater
depth 1f the survey is to determine the suitability of the soils to

serve as subgrades.

Soil Sampling
In soil sampling, it iz not zlvays necessary to take a large

number of samples, although 2 minimum nusber will mturally be needed
for a comprehensive study of the project area,

In testing the soll sample, there axp a few tests which seem to
be compulsory. The most important is the wolsture density test of the
soil mixed with asbout 10% cement to see m;hc material will resct.
Other tests include: grain size, liguid llil:, plastic limit, orgeanic
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matter and compressive strength,

The nunber of small samples taken for exploratory tests
will vary with the soil surveyor, his familiarity with the soils
and his confidence in identifying the soils. In many instances,
it will be possible to take only cne sample of each of the differ-
ent soil horizons of each soil type as they occur in the field,
When exploratory test data are complete, this data can be
analyzed and locations chosen for taking large soil samples for
soil-cement tests. Soil samples for exploratory tests should
weigh about 25 lbas. Soll samples for complete soil-cement
testing should weigh about 125 1bs.6

Large soil samples taken from a graded roadway are usually taken
by digging a trench from center line to the edge of tha proposed soil~
cement roadway, Fxploratory tests ars made on these samples to deter-
mine their reaction with cement., Plang are then mada so that the soil
requiring high cement content will bde in tha }ovar lavels of the grads
while only soils that require a low cement factor are placed im the up-
per 10 or 12 in. of grade.

When sampling soils the condition of the soil profile
must be considered, that in the natural profile there is a
great change in soil character at a single location with increase
in depth, than there is at locations which are considerably
longitudinal distances apart. For instance, the A horizom soil
usually is similar over considerable area, vhereas the B horizon
soil 2 short distance below can be entirely different from the
A horizon at that point. Also, of course, the B horizon soil
is usually similar over considersble area, and different ;rc-
the underlying C horizon material at any single location.

6u5o11-Cement Mixtures Laboratory Handbook," Third Editiom,
Rortland Cement Associstion, p. 21.

T1bid.
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CHAPTER I1I
20IL-CIMENT TESTS

This chapter om goil-cement tests is a detailed discussion and

will probably ba of interest to the field engimeer and desigmer.

ture- ity Test

The A.5.T.M, and A A.5.0.0, meisture~density tests are used to
determine the relationship between the moisture comtent of seil-cemant
uixtures and the dansity resulting when it {s compected bafore cement
hydration, using a standard compacting forca,

When soil, cement and water are be!._l‘ mixed, & changs takes place.
The soil seems to become more or less coagulated, becsuse of a base
exchange phenomenon, bringing adbout an imcrease im internal frictiom.

As a result of this chicmical phenowenon and partisl cesent hy-
dration, moisture density relatioms of a soil-cement misztura will vary.
Those variations show up as an {npcreass in the optisum woisture coatant
and a decrease in the maximum density af the soil-cement mixzture as tha
damp mixing tims incresses. These changes sre shown {a Appendix IV.
This 1is the reaasen that sofll-cement construction specifications require
that woisture-density ralaticas be estsblished ia tha field near the
end of the damp mixing procedure. And that the relatiomship be deter-
mined using soil-cement taken directly from €he comstruction area.

During constructiom, to sssure maxisum demsity, additional water
must ba added to the roadway to bring the Sefl to its optimum moisture.
To deterwine hov much water will have to ba added, estimstes sre made



on the basis of woisture density tests made either in ths fiald or
laboratory. These tests are fine to get the road mix closa to its opti-
mum woisture, but im the last few minutes, samples from tha roadway
determine the last two or three points near the peak of the moisture den-
sity curve, to insure brisg'ig the soil to itz optimm mofsturs content.

The moisture-density relations of soil-cewment mixztures
are of utmost importance becsuss:

(1) Im tha laboratory they mske it possible to meld
duplicate specimens with a fized degree of compactica at emy
one moisture content snd in each case the density of tha
specimans will be practically tha seme;

(2) In the field during construction, the moisture-
density relations are used for molsture and demsity contrel to
insure satisfactory comstruction. In soil-cement work emly the
peak of the regular or parsbolic type curve is used since this
gives the greatest density. It is at this demnsity that wetedry
and freeze-thaw specimens containing different cement contents
are molded and tested by slternate wetting and drying, and
alternate freezing snd thawing, to determine the quantity of
cement that is necessary to harden adequately the soil,

Moisture-density tests in the laboratory should be made
on the soil-cement mixture as rapidly as possible and before
cement hydration had processed to any great extemt, This is
necessary since test specimens which are designed from these
data are molded only after a few minutes mixing of soil, cement
and water and before cement hydratiom.8

The molsture-density relations of the soil-cement mixtures are
determined {n sccordance with A.S.T.M. Designatiom: DS60-44. To record

the deta, form shests are provided. To separate the gravel, sand, and other

Bugotl-Coment Mixtures Lsboratory Handbook,™ Portland Cement
Association, p, 26. '
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soil particles without reducing the particle =mize, the air dry mixture
is passed through a MWo. &4 sieve. Wext, the required cement iz added
to the shove mixture and it iz mixed to s uniform color. The soil-
cement mixture ir then immedistely compacted to prevent smy chemical
reactions between the cement amd water,

After compiction, the mold 1is trimmed so that the specimen ia
approximately 4.6 in. im height a2nd is T;._ ou, ft. in volume. To get
the exact weight of the specimen, we subtract the weight of the wold.
From the center plane, we take 100 gr. sample for woisture deterwminse
tion., This sample is placed in an oven at 110 C° to dry to a constame
weight. With this information we can calculate the molature content
of the mixture. This procadure sstasblichas ‘the ralationship of woisn~

ture content to denszity.

Percent Cement by Volume at Maxiwum Density

After moisture-density relations have been estsblished, we cenm
determine the amount of cement by volume, Also, the variatioms in
maisture content and density can be datermined for different percent
of cement volume., To deterwine these figures, we use the following
formula which is {llustratad below:

D0
Percent cement by volume - _E ) IDD where;

D - oven-dry denciecy of soll-cement iy lb. per eu. ft.

C ~ 100 + percent cement by welght of oven=dry seil
divided by 100,

D - weight of soll per cu. ft. of compacted soil-cement

c o
D - P~ 1b. cement per cu. ft. compacted sall-cement.
Cc



94 = weight {n pounds per cu. ft. of loose cement.?

In the emewple the maximum oven-dry demsity of seil-cement, D,
assumed 105 1lbs. per cu. ft. and the mixture comtained 8.69 percent
cement by weight of soil., C therefore equals L%M or 1.0869,

The weight of soil per cu. ft. 5, Ls ( %a ) or 96.A0 tbe. Thus, the
[+ 0869
wveight of cement per cu., ft. of soflecement, D - D, s 105,00 - 96.40
[
or 8,60 1bs.; and the cemant comtent by volume is (8&0) 100 = 9.15

pereent,

Field Molsture-Demsity Chocks

Daily construction operations are controlled by moisture-dmmaity
relations vhen no plus No. 4 aggregate is present. Ia determining the
future cement content of the roadway the moisture-density tests are pam
formed with the plus No. 4 aggregate removed,

To have uniform job control, it may be desirasble to prepare
tables and graphs to show the relatiomship of the cement contemt in the
minus No. 4 soil and the plus No. 4 aggregate content,

The following example covers one such caleulation:

Given:

10 percent cement by volume in total compacted mixtures.
Roadway contains 30 percemt plus No. 4 aggregate

Ibid., pp. 4=35.
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Minus No, 4 soilecement mixture:
Maxioum density, 106.9 1bs.
Optimum moisture content, 18.4 percent
Cement conteat, 12.5 perceat by volume

Determine:

Plus No. & aggregate present when wimus Wo. 4 soil-
cement mixture contains 12 percont cement by volume with
cement content by volume in total compacted volume remaining
at 10 percent.

Volume occupied by minus No, 4 soll-cement mixture cou-
taining 12 percent cement by volume (11.28 1b.) will be attained

by reducing 1 cu. ft. of compacted volume containing 10 perceant
cement by volume, 9.4 1bs., a proportionate amount and will

equal 0,833 cu. f&. ( 2:'%)'

The difference between 1 cu, ft. and 0.833 ew. ft. or
0.167 cu, ft., represents the apparent volums occupied by the
plus No, 4 aggregate,

0.167 cu. ft. of plus No. 4 aggregate weighs 7.1 1ba.
0.167 x (bulk .mif“ ”Mw of 2"” x 62.4.

The 0.833 cu, ft. of minus No. 4 soil-cement 1is assumed
to weigh 106.9 1bs. per cu. ft., or the 0,833 cu, ft. will
weigh 89,1 1bs. It contains 9.4 lbs. of cement or 11.8 per-
cent by weight, (’_9_,;). of minus No. 4 soil and therefore

9.

79.7 1b, (89.1 « 9.4) of soil., Soil and plus No. 4 aggregate
will weigh 106.9 1be, (79.7 + 27.1). The 27.1 1bs, of plus
No. 4 aggregate represents 25.4 percent of the roadway soil

Therefore, a table is started showing:
(1) Cement content by volume of minus No, 4 soile

cement, percent;
(2) Cement content by weight of minus No, 4 seoil,

H
(3) Plus Ho, 4 sggresate coatent, percent.l0

10ngo11.Cement Roads - Construction W, " Portland Cement
Assoclation, p. 86.
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Similar computations are made to eover other plus No. & aggre-

gete contents to glve the following table:

TABLE I. VARIATIONS OF CEMENT CONTENT BY VOLUME
OF MINUS AND PLUS NO, & SOIL

—_— ——
—— —

Cemant content by volume of minus

11.0 11.5 12.0 11.5 13,0 13.5 14.0
No. & sollecemeat, percent

Cement content by weight of minue
10.7 11.2 11.B 12.4 12.9 13.5 14.0
No. 4 soil, percent

Plus No. & aggregate coatent,
14.4 20.2 15.4 30.0 34.0 37.7 40.9

percent
w
Source: "Soll-Cement Coastruction Handbook," Portland Cement
Associstion, p. 87.

Specimens containing egual or vaiform smounts of cement by wole
ume gre selectad from the irregular molsture-demcity eurve, As the
denzities decrease with incressed molsture contents, 1¢ will be found
that the cement content by welght will vary for sach spezimem. Thess
tests will ususlly be conducted with sbout 14 percent cement by vol-
uma, Although the wet-dry test is the most severe tast for heavy clay
sailecement specimens, it 1o a good Ldea to jrun both wet-dry and
freeze~thaw tests the first few timer these soils are investigated.

After the eptimm weisture content is determined, more specimens



with different cesent contents are molded using this established opti-
mum to determine cement contents.

Most soil-cememt mixtures immediately after being compssted to
maximm density at optimm moisture content have enough stability to
carry light traffic, The wet~dry tests weve first designed to deter-
mine whetber the herdened soil-cement would stand up under severe mols-
ture variation, while the freczeethaw test was to determine the stabid
ity of the mixture under alternate freezing and thawing,

Alternative freezing and thawing is particularly severe
on sollecoment specimens molded using soils in the sand to silty
clay loam textural rauge. In sandy soell-cement mixtures, the
test definitely shows whether the cement is reacting favorably
and bas sufficient cementing power te overcome the expansion of
water in the voide of the sollecement sg it freezes. In the loam,
oilt loam, and silty clay loam soll-cégnt nixntures, the tost
shows

(1) Vvhether there 1o sufficient cement in the
to overcome the eupansive force of the water freezing im the

:

(2) vhether theve 12 sufficient cement in the specimens
to overcome the formation of ice layers,

Feilure of many of the silt solle-cement specimens is

thewing sometimes fails to vemove it becsuse of the structure of
tbmdmwmtmmia-dmmﬁhm
the seale and the remaining portion of the specimen,

After a seven-day storage period im @ -high humidity stmosphere,

Nop gtt., ». 27.



the specimens sre submerged in tap water. The tap water iz at room
temperature and the specimen remain in the water for & poriod of five
hours. The specimens are then removed and one specimen (voluma and
moisture change specimen) {2 weighed and measured.

To get 2 drying effect, the specimens are put in sn oven at shout
71° Centigrade for 42 homrs. Whan the speeimens sve romoved, hoth of
them are weighed and one specimen measured. The specimen which 1s not
veighed i{s given two firm strokss on all sides with a wire rcratch
brush. To completely cover the total area of the specimen twice, sbout
1B or 20 wertical strokas will be required en the sides while four
strokes will be required for cach end. Thie specimen 1s then weighed
toe find the samount of weight 1o E. -

This proeess takes sbout 45 hours. This cycla will have to be
completed 12 timesr amd om the data collected, the following caleulatiom

cen be performed:

Caleulations

The volume of specimen at the time of molding, end sube
sequent volume changes are calculated a: a percentage of the
original molded volume.

The molsture content of specimen at the time of molding
and subsequent moisture contents are calculated as & percentage
of the originzl oven-dry weight of the specimen,

The scil-cement lose of specimen i calculated as a
percentage of the original oven-dry weight of the cpecimen,
Therefore, the ovenedry weight of the spacimen at 110 degrees
Centigrade i: corrected for its water of hydratiomn. For instance,
if the final ovenwdry weight of a specimen containing 2 sandy
loam soil (Appendix I) 1s 4.10 1bs., divide this weight by
1.025 which gives 4,00 1bz, 1If the original calculated ovenedry
weight of the molded specimen was 4,20 1b%., the soil-cement
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loss is 0,20 1bs., or (0,20 + 420) 100 = 4.8 percent. Soile
cement losses are usually reported to the neersst whole number
so it would be considered 5 perccnt.n
ue Freezee Test
After a seven~day storage in an atmosphere of high humidity, the
specimens are separated from the specimen carrier with water satursted
ped or blottars of some type. This assembly is put in a refrigerater
which has 2 constant temperature, not warmer than «23 degrees Centigrade
for 22 bours. After 22 hours in the refrigerator, the specimens are
removed, one specimen (volume and molsture change specimen), i# weighed
and measured. Both specimen: sre them allowed te thaw in & moist room
or suitsble container. During this thawisg periad, the edsorbent pads
undar the specimens should have access to water to sllow the specimen,
through capillary actiom, to absorb water.

The volume and moisture change specimen is measured after 22 hours
af thawing, and both specimens are weighed, The soilecement loss speci-
men 15 given two firm strokes on #ll areas with the wire scratch brush.
Fighteea or 20 vertical strokes of the brush on the sides and 4 strokes
on sach end will complataly cover the specimen twice, After this
brushing process, the specimen is weighed to determine tha loss of
weight by brushing.

The sbove process requires 45 hours of alternate freezing and
thawing, The AB=hour-lomg eycle Ls repeated 12 times which gives emough

data to permit calculations of volume sad moisture change and the

121p44., p. 53.
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ioflle-cement loanes,

t nation of Optimum Moisture by C evsive Str ste
Specimens are broken by compression at ages of 2, 7 and 28 days;

this gives compres:zive strength data for study sad mmalysis, Speci-
mens after being stored i{n 2 room at room tempersture and humidity of
100%, are first sosked in water amd then brokem by cowpression.
Specimens are 2 in. inm dimmeter end 2 in. in heighkt; they are molded
using the minus No. & portion of the soil amd are sosked in water for
one hour before breakiung. Larger spucimens may faclude plus NWe. 4
minus 3/4 in. materials but they showld be scaked lomger before break-
ing. The standard & in. dimmeter lpctnmyiare sosked sbout & hourw.
To i{nsure fixed cement influsmce, fixed cement content by volume 1
used regardless of the type of moil. Usually, cement contents of 6
and 10 percent are used, but cometimes higher cement contents are fn-
vestigated., To get a bench-mark for comperizom, the cement contents
by volume are fixed. These fixed cement conteats place the zame number
of grains in every test specimen of a series, regardless of the dencity

of the mass.

The moisture-density data obtained using the standard
A.8.T.M, method gives the moisture and density basis for the
construction of the compreseion test cpecimens. In the
wmethod of moldiag 2 in., specimens of minus No. &4 sollecement,
a designed quantity of soil-cement at optimm moisture is
weighed out and compacted in the machine to an exact height of
2 in. Yorce of compaction is spplied udfng the double pistom
method, with foree applied to the top piston but leaving beth
top and bottom pistons free to move during the compaction
operation. The quantity of soil-cement weighed out and placed
tn the machinme is such that the test spefimens have the exact
density that large specimens would have at that particular
woisture content if compacted by the standard A.S.T.M. method
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in the standard size mold.

The influence of cement in producing cowpressive
strength in compacted soil-cement mixtures can be analyzed
from two viewpoints. The cement influence will be evident by
increases in strength with increases in age, and by increases
in strength with the increases in cement content. In well

soil-cement mixtures containing 6 perceat and 10
percent, the increases will be considerable; for inmstance,
100 or 200 1bs, per sq. in. Thus, for a nmormally reacting
soil-cement mixture the 6 percent cement specimens will show
increases in stremgth with age. The 10 percent specimens
will likewise show incressed strength with age, and in additionm,
at any fixed age, they will show greater strength than the
percent specimens of the same age. ‘

A study of the strength data {s of particular value
prior to molding wet-dry and freeze-thaw specimens, as this
information will help in selecting cement contents for wete
dry and freeze-thaw testing. The range in compressive strengths
for soil-cement mixtures requiring various cement quantities
for hardening is shown in Appendix 5., These compressive
strength data were cbtained from specimens 2 in, in dismeter
and 2 in. in height, (h/d ratio = 1.0). If equipment is avail-
asble for molding compressive strenmgth specimens having uniform
density, and heving an h/d ratio of 2, specimens of such size
may have advantages over the 2 x 2 specimens. Of course, if
specimens other tham 2 x 2's are used, data from such specimens
will not be directly comparable with the data in Appendix 5.

Soilecement mixtures that do not react mormally and which
will not pass the wet-dry and freeze~thaw tests will give little
or no compressive stremgth with 6 and 10 percent cement. Before
molding wet-dry snd freeze~thaw specimens of mixtures falling in
this category, it is necessary to mold additional compressive
strength specimens containing 14 percent cement by volume will
prove adequate, although occasionally 18 percent cement comntent
specimens or eved 22 percent and 26 percent specimens are
molded, With this data it is possible to estimate the cement
content required for hardening the soil, and it will be posseible,
therefore, to design more systematically the cement uun!g- to
be investigated in the wet~dry and freeze~thaw specimens,

Compressive strength tests may also b&-used to check soils pre-
viously tested. Compressive streagths should be about the same, when

Lngd., p. 55.
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tha field data indlcates that a soil fs similer, it has the same texture
and 1s from the same soil series and horizom as the previously tested
soil. This system can also be used to check cement requirements,
Compressive test specimens can 2150 be molded using the standard
4 tn. dismeter moisture density mold. The specimens are then molded
at the designed molsture and density values, with each specimen having
the same cement content by volume., The cement contenmt by weight will
vary as the dry density veries. Tourteen percent of volume is a good
cement content to use in this tesz, The specimens are again stored
at room temperature with a high humidity. The specimens are broken at
ages of 2, 7 and 28 days, Before bresking the specimens, they should
be immersed in water, the 2 in., omes for 1 Nour and the 4 in. omes for
4 hours, The test results at 2 and 7 deys should usually be good encugh
for determining the moisture content at vhich maximum compressive
strength will be obtained, This molsture is considered to be the tenta-
tive optimum moilsture comtent. The usual wet-dry end freeze~thaw soil-
sement specimens are then molded at this temtative moilsture content,
Also an additional set of specimens are molded at a moisture content
sbout two percentage points wetter than this temtative lewvel. The
optimum moisture content for maximum resistance to wetting and drying
and freezing and thawing should be established by the results of thass

teate, i
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t of uirements

Experiments show that certain soil tests or seil char~
acteristics and certain soil-cement tests or soil-cement char-
acteristics can be used to indicate general cement requirements
for producing a structural material of compacted soil-cement.
As discussed (in Appendix I) very useful relations are shownm by
the U, 8, Public Roads Administration soil grouping, Thue:

A - 2 sofils will probably require 6, 8 and 10 perceat
cement}

A - 3 soils will probably require 8, 10 or 12 percent
cement }

A -4 and A~ 5 soils will probably reguire 8, 10 or 12
percent cement; and

A~-6and A~ 7 soils will probably require 10, 12 or
14 percent cement,

In addition to these general cement ramges, the follow-
ing detail informstion will be useful for determining the cement
content to be used when molding wet-dry and freeze-thaw specimens.

| - i

In most cases, before cempnt comtents are selected for
molding wet-dry and freeze-thaw specimens of the A - 2 and
A - 3 soils, time and emergy can be saved by first determining
the organic content of the raw soil, and by testing compres~
sive strength test specimens with at least 6 perceni and 10 per-
cent cement, This procedure is particularly desirasble if the
soils are from the A or B horizon of the soil profile. If the
organic coutent is over sbout 2,000 parts per milliom, com-
pressive strength specimens containing 6, 10 and 14 percent
cement by volume should be molded. If possible, the molding
of wet~dry and freeze-thaw specimens should be delayed until
the seven-day strength results are cbtained.

In considering compressive stremgths amd cement contents,
it should be remembered that compressive strength specimens
normally contain only the minus No, &4 sieve soil material plus
cement; whereas, the wet-dry and freeze-thaw specimens may com-
tain some plus No. & soil.

The A - 3 soils usually require 10.or 12 percent cement.
Only the best of the A - 3 soils, well graded from grawel to
fine sand, will require sbout § percent Cement. 1 compressive
strengths are high, it can be assumed that the A - 3 soil is
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reacting with the cement in an excellent manner and wet and
!mu-thucnch-uuybnulddac 6, anullo’cru::’&m.
Generally, however, it will be found that 8, 10 or 12 percent
cement will best cover the test range for the A -~ 3 solls, ex-
cept when they contain high organic contents and have lov com-
pressive stremgth. 1In this latter case it will be necessary to
mold specimens of higher cement contents, or select a possible
borrow seil to replace the Poor A - 3 soil,

Another possible solution to the economical hardening of
poorly reacting A - 2 and A - 3 solls 1is the use of an admixture
with the soil. The admix should preferably be a friable clay
loam, or similar textured soil or caleium chloride, Admizes of
this type generally mske a soil mixture that will react with
cement economically, :

A-35 Soi

Cement contents to be used with A - 4 soils wiil depend
to a great extent upon the texture of the soil, and upon the
eoil horizon from which the soil vas selected. The A - 4 soils
from the A horizon of the soil profile in normal farm
contain considersble silt and organic matter, These A horizon
silts can be divided into two types:

(1) The well-drained type, rather coarse oflt soils;

(2) The slowly-drained, finely graded silts, that ars
soft and mellow to the touch, In these cases, couwpressive strength
im-qmbcunmiftmtuthqu- for A= 2and A~ 3
soils; however, they may be of considerable value in segregating
solls into Type (A) and (B). In addition, silts ia Type A will
usually have soil-cement densities of asbout 110 1bs. per cu,
fe., with optimm moisture contents around 15 percent, Silts
in Type B will usually have densities of sbout 100 1bs. per
cu, ft., and optimum moisture content about 20 percent. Wete
dry and freeze-thaw specimens of the coarser graded A - 4 soils
in Type A may be molded at 8, 10 and 12 percent by volume.

The black A horizon A - & soils in Type B should be molded con~
taining 12, 14 and 16 percent cement by volume,

Solls in the A - & group from the B and C horizons of the
soll profile should generally be molded wcpataining 8, 10 and 12
percent cement by volume; however, if time permits, compressive
strength tests should be made before setting up cement require-
ments for the wet-dry and freeze-thaw specimens. The streagth
results may be used in deciding vhether .£o mold specimens at 8,
10 and 12 percent, or 10, 12 and 14 perceat.



Available data on A - 5 soils indicate that the above
remarks for A - 4 soils also apply to the A - 5 soils.

A=-6s0dA-7 Soils

When the molsture-density curve is a regular parabolic
type curve and the optimum molsture is leses than 20 percent and
the density of the order of 106 and 107 1bs. per cu. ft., it
may be assumed that the soil is going to react rather well with
cement, and wet-dry and freeze~-thaw specimens can be molded
containing 10, 12 and 14 percent cement by volume,

If the moisture-density relation curve is definitely
irregular, it may be necessary to determine the optimum wmois-
ture content by use of compressive strength tests., When the
optimum moisture content has been rather definitely indicated
from these tests, wet-dry and freeze~thaw test specimens are
molded at this moisture content, and at this moisture comtent
plus about two percentage poiants of water. Usually, at this
stage of the testing, it is well to mold only four specimens,
two at each moisture content, one for the wet-dry and ome for
the freeze-thew test. These specimens will contain one cement
content, usually 14 percent cement by volume.lé

Y PP i'o-ulo

1



CHAPTER 1V

SOIL CEMENT ROAD CONSTRUCTION

Lonstruction Operation

R In general, the project sngineer should be responstble
or:

1., Crowm, grade end lisme

2. Depth and vidth of treatment

3. Portland Cement content

4, Satisfactory pulverisstion of roadway soil

5. Batisfactory mixture of soil and Portland Cement
€. Satisfactory mixture of molsture sod soil-cement
7. Satisfactory compaction and surface fiaish

8. Satisfactory cowver to curteil svaporatioa

The soil engineer makss tests for and Lis gemerally
responaible with the resident engineer for:

1. Pulverization and moisture contreol
2. Density and depth controlld

Construction work can be divided into twe general opera~
tions, preparing for processing and progressive processisg.

Preparing for processing consists of:

1. Scarifying roadway for a dqth of 51/2 in, snd for
the specified width;

150p gie., pp. 26-27.



2, Pulverizing the scarified roadway for a depth of
6 in.; and these operations precede the actual construetion or
"processing” operatioms,

Construction or processing operations sre contimuous from
the application of cement on the section to fimal rolling and
covering., The progressive processing operations consist of:

1. GSpotting and spreading Portland Cement;

2. Mixing Portland Cement and pulverized rosdway soilj

3. Adding required water and mixing with soilecement;

4. Compacting mixture from the bottem with sheeps foot
rollers to uniform density;

3. Shaping section to crowm and grade;
6. Scarifying surface compaction plenes;

7. Smooth-rolling section to final crown, grade and
surface; '

-+

8. Placing protective cover to prevent surface evapor-
ation losses from compacted roadway,l6

Initial Scarifying
Depth of scarifying is comtrolled mostly by the smoothness of

the existing roadway. Tha teeth ave adjusted to scarify a depth of
S 1/2 inchee, leaving pulverizing and mixiag operations to obtain the
last 1/2 ta. The scarifier should stop every 5 ft., et the beginning
of operations and make needed adjustments, thus insuring defianite

depth control.

16

Ibid., p. 28,



Pulverizing

During pulverizing operations, the disks should be left open to
allow for greater depth comtrol. 1If the disks are not closed at the
end of the sectiem, the longitudinal drag will be greater than {f thoy

were closed.

Spreading Portland Cement

After pulverizing is completed on the first sectiom, the FPUT A=
tions of spreading cement, mixming soil and cement, adding and mixing
water, compacting surface finishing and placing protective cover cam
get underway. These operations, since they are continmuous, usually
start with the spreadimg of cement,

For example, with a cement content of 10 percent by
volume specified, the cement requirements per oq. yd, for a
6 in. mtdurthullhazﬁia_g_:i%w 0.45 bags of
1

cement per sq. yd. For a 20-ft, road, 6 in, in depth, the
requirenents per lin, fr, will be 20 x ® 10 or 1,00 bag of

00
cement per lin., ft. of roadway will reguire 150 bags of cement,
Spreading cement in four lomgitudinal rows will place 25 bags
in each row which, when spaced at four ft., intervals, will
extend the 100 fet. Therefore, cach bag must cover four ft.
longitudinally and five fr. transversely across the yvoad., The
first row of bags will be placed 2 1/3 ft. from the edge, the
second row 7 1/2 ft. from the edge, and the other two rows will
measure equal distances from the opposite edge. The locatiom of
these rows are marked with a heel scrateh by the strew boss in
the lovse soil. The cement-spreading market line is placed along
the shoulder as a guide and advanced with spreading operatioms,
munodl;urvu will require more cemont and vary the cement
spread.

Y 1p4d., pp. 31-32.
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Raw Soil Moisture Samples

Large composite raw soil samples are obtained at each
100-ft. station ahead of cement-spreading operations. They are
quartered down to 100-to 150-grm. samples although the use of
300-to to 400-grm, samples with torsion balance are preferred.l8

These samples are checked for water content so the amount of
water to be added can be determined, Also by knowing the moisture con=
tent of the raw sofl, it {s possible to estimalle cvaporation losses

which took place during the dry mixing period.

oil and Pert £: Mix
The Dry Mix is accomplished with the use of field eultivators.
As the Dry Mix progresses, the mixture becomes lighter permitting the
cultivator wheels to work deeper into the roadway. Because of this,
depth adjustment must be watched carefully and adjustments made to

allow for it.

ist Samples
As the Dry Mix is completed, samples are takem to determine molse
ture comtent. This is necessary for determining the amount of water to
be added during the moist mix. The details regerding these calculations

are given Lla the chapter om "Soil Cement Texts."

¥1b1d., p. 33.
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Vater Spreading and Mixing: Moist Mix

Tt is posaible to mix cement with soil without forming cement
balls vhen the woisture does not ewesed the optimum molsture of the
soil-cament wixturs by more than tws, Praferably, the molsture content
of the raw 101l should be one or two percentage points below the optimum
for efficient mixing. Under some weather conditions, cement will be
mixed with the soll mear the optimm and little additional water need
be added.

A eritical check of water-pumping, hauling and distributing
equipment is more fimportant. It is not umusual to add the eguivaleant
of an inch to an inch and one-half of rain, as much as 8 gal. per
eq. yd. On a section 1,500 fr, long and 20 ft. wide, watey
requirements might run as high as 25,000 to 30,000 gal. At
an average distribution rate of 1, 000 gal. every 10 minutes with
one pressure distributor, it mld require from 250 minutes
( 4 hours, 10 minutes ) to 300 minutes ( S hours ) to spread
this water., Obviously, two 1,000 gal, pressure distributors
would be required to spread this quantity of water inm the time
permitted by specifications or at least half of it would need
to be spread the previous day before processing stares,1?

Moisture Density Control
The laboratory tests determine the optimum moisture and density
to ba used for the gemeral soil types found om the project. These
facters must be checked every day to cover variations in cement content
and mofsture of soil which will be found during constructiom.
For exemle, variationm {n compacted depth from the

specified 6 in, will produce wariations in cement content,
since the cement is spread at a uniform rate, Further, the

19mb1d., pp. 43-44.
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molstureedensity relations may change as the moist mixing
period is extended,20
J on W $ k
Mixing operations at the header during moist mixing were given
in detail as these operations were described for the dry wmix material.
These will heve been mized at the header by the time water spreeding has
been completed., This brimge the operation under control for the entire

section,

Preparation for Compaction
To allow coppaction from tha bottom up, the entire mixture is
loosened with field cultivators. This looseaning process will leave a

loose mass of a uniform mixture of soll, cement and water.

fespacting Mixturg
As soon as a section is prepared for compaction, sheep foot

rollers go to work compacting the sectiom,

The section is first rolled trancversely against the
adjoining work. The transverse or cross-rolling is extended
back about fifteen feet and continued until the rollers are
shout two-thirds packed out. Longitudinal packing then starts
at each edge, progresses to the center of the roadway and back
to the edges to permit the rollers to pack out uniformly,?l

201p4d., p. 45.

211pid., p. 46.
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Removing Top Compaction Planes

The smooth, damp compaction planes left by the last trips of the
sheeps foot rollers can be removed with the aid of a spiks tooth
barrow. The spike tooth harrow is pulled over the section by a tractor
with street plates with the teeth set to just penetrate below the com-
paction planes, Ridges and furrows left by the harrow can be removed
by dragging a heavy chain or broom drag beiind the harvow,

By first rolling 2 section with pneumntic-tire equipsment, £inal
smooth rolling may be more quickly accoplished with less danger of
soil-cement to stick to the smooth roller.

Einal Swooth Rolling

A smooth roller is used to put the fimal touch om a sectionm.
The final reclling is done im lemgths of about 50 ft. adjoining the
previous day's work. The smooth roller puts the final crown and grade
on the bulk of the section but & motor grader is wsed in some places,

Placing Protective Cover

A protective cover of straw or shoulder souil is needed as Soun
es the smooth rolling {s completed. Tn the case where shoulder soil

1s used, the motor grader cam be umed to apply it,



Dpening to Traffic

Construction equipment, as long as it does not harm the surface,
may use the cempleted voedway, After 7 days of protection, the surface
may be clesned of the protective cover and openmed to traffic,

Construction Coats
Many miles of sollecement roads give relisble comstruction
cost data. A tsbulation of projects is given in Appendix TII.
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CHAPTER V

INVESTIGATION OF SOME PROBLEMS IN
SOIL-CEMENT STABILIZATTION

This chapter 1s a detailed discussiom of scme problems in sefl.
cement stabilization for the interest of the field enginegr.

The Stadilization of Hesvy Clay Soils With _Cement

Granular soils end the cohasive soils with liquid limits less
than 40 percent, are now being successfully stabilized with cement.
Construction {r normally undertaken by the "mix-in-place” method using
a cement content of 10 percent by weight. lt; the use of the process
could be extended to cchesive safils with liquid limits greater than
40 pareent, it would be advantageous, This could be mecomplished by
odding sand as wall as cement to the cohesive soil, but such a pro-
sedure incresses the cost of constructionm,

To determine whether a heavy clay soil (liquid Limit
70 percent) could be stabilized with cement, laboratory experie
ments vere made to determine the unconfined cospressivs
strength at an age of seven days of the clay-cement mixturcs
containing from 10 to 40 percent cement., The test specimens
vere compacted to maximum demsity and optimum moisture comtemt.
Some specimens were maintained at a constant woisture content
in a damp atmosphere during a curing period, while others were
immersed in water for five days. The resulte (Figure 3) showed
that, while 10 percent of cement was sufficient to produce a
material with adequate strength at comstant moisture content,
20 percent was required to prevent the material breaking down in
the presence of free water. Further tests showed that stability
in the presence of free water could be achieved with 15 percent
of cement if supplemented by 2 percent of hydrated lime.

Similar experiments made vith anothér type of clay (liquid
limit 75 percent) showed that 20 percent of cemeat with 2 perszamt
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of hydrated lime was required to evqs break-down
stabilized soil on immersion in water o ; y o“

1600
® Cured for 7 days in
1400 / demp atmocephers
n ﬂ Cured 1;0: 7 d&yi: con-
. 3 'I’ll 1 dq m
5 g 800 /J atoosphere 5 days im-
b mersed {n water 1 day
a o] draining ta demp
400 + atmosphere

10 20 30 40

Cement Content - Percent

Figure 3. The Effect of Cement Comtent on the Compressive
Strength of Clay Cement a«:tm

n. E anua and t. E. c1nro. 1...,,..:.

The sbove experiments will hawe to ba tried with other types of
cobesive soils, but they do show thet if adeguate mixing can be cbtalned
in the field, the solil-cement process can be expanded. The process
cen be expanded so as to deal with some cohesive soils with bigher
l1iquid limits than those that are now being used. The stremgich of the
stabilised soil after immersion in water seems to offer the best weans

of swaluation vhen such soil-cement mixtures are to be used under humid

climatic conditlions,

22p. 3. MacLesn end K. E, Clare, Thixd Internat onal
ecs and Foundation er s 264
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Full scale experiments have shown that mixein-place
equipment of the rotary tiller type is not capable of mixing
cement adequately with heavy clay soils, but satisfactory re-
sults have been obtained with twineshaft pottery pug-mills,

In order to study the efficiency of such a mixer the compressive
strength of soaked specimens of stabilized soil processed in the
mixer and tested at am age of seven days was expressed as a pere
centage of the corresponding strength of similar specimens made
by mixing the soil and cement in a laboratory doubleepaddle
mixer. With a clay (liquid limit 70 percent), an efficiency of
45 percent was obtained with a pottery mixer when the cement and
lime were mixed with the clay at a molsture content of 27 pere
cent, The efficiency rose to 67 percent when the moisture
content was increased to 37 percent, This mixer was used in

the comstruction of an experimental road of clay stabilized with
15 percent of cement and 2 percent of lime, The material pro-
duced had e granular texture, quite unlike the original clay.

The experiments indicated that the stsbilization of a

fairly wide range of clay soils with cement snd lime should be
possible in practice,??

xthst_ of Orgenic Matter in Soil-Cement Stebilization

Cement vill hydrate with water present im the soil. Soil that
is free from organic materials, forms a hard matrix of set cement
around the soil partiele.

Calcium, silicate and aluyminate ilonr are believed liberated imto
the water by grain of hydrating of Fortland Cement. These in time com=
bine to form the hydrated calcium silicate 2nd aluminate compounds which
make up the matrix of the bardened cement paste. The ability that
active orgenic matter hes of combining with calcium {ons may account for

its retarding effect, therefore, ions would not be available for the

raaction in which the matrix compounds are formed.

By,



This view is explained by the results of experiments in which

the amounts of cileium absorbed by the soils described ghove were
determined.

One hundred g. of the air-dried soil were shaken with
250 ml. of a saturated solution of calcium hydroxide, the sus-
pension was filtered and the amounts of calcium remaining in
the filtrates were determined. In Figure 4 the asbsorption of
caleium is plotted against the seven-day stremgthes obtained
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with 10 percent of normal Portland Cement; this chows that setting

was prevented when the amounts of calcium absorbed exceeded
70 mg. per 100 gr. of dry soil,

The retarding effect of organie matter of this type cam

be reduced or sliwinated if a water-soluble calcium salt is sdded
to the soil simultaneously with the cement. The 2alt is beliowed

to satisfy the shsorptive capecity of the organic matter for
calcium fons, thus permitting the calcium from the cemant to
complete {ts reactiom with the other camponents in a normal
manner. The nitrate, chloride, hypochlorite, acetsic sad hy-
droxide of calcium have all been found to be suitsble for this

purpose. Ouly tha chloride and hydroxide<are availsble economi-

cally in the quantities required for roed msking, snd of these

the cislorids has bean found to be the most effective. A comven-

ient method of iacorporatiom is by tha use of a form of rapid-

hardening Portland Cement to which 2 gx«u by waight of calecium

chloride is added during msmufacture.

4., p. 265,
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Pigure 4. Effect of the Absorption of Calcium by Organic Sandy Bedls
on the Unconfined Compressive Strengths of Mixtures of the
Soils With Ten Percent of Normal Portland Cement

Source:

TABLE II, UNCONFINED COMPRESSIVE STRENCTHS AFTER 7 DAYS OF
SPECIMENS OF ORGANIC SAND, STABILIZED WITH 10 PER~-
CENT OR NORMAL PORTLAND AND 10 PERCENT
WITH RAPID HARDENWING CEMENT

Sample Number

1
2
3
4
5 15 181
6
7
8
9
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The seven-day unconfined compressive strengths of speci-
mens prepared with a seriec of samples or jorganic sand, taken from
different points on a proposed road site and stabilized with 10
percent of Hormal Portland Cement and 10 parcent of rapid-
hardening cement, Table II shows that i{n all but two cases
satisfactory hardening was obtained with the rapid-hardening
cement,

Tests with other samples have confirmmd the sbove finding
that the amount of calcium chloride present in the rapid-hardening
cement is sometimes insufficient to provide the necessary concen~
tration of calcium ions. Satisfactory strengths have been cbtained
in such cases by adding calcium chloride separately in proportions
up to 3 percent by weight of the soil, together with 10 percent
of mormal Portland Cement,25

Discumssion of Calcium Chloride Tests

Calcium chloride is very effective in improving the cement
reaction with poorly remeting sandy soils; but CaCl, has a minor
effect upon the reaction of cement with normally reacting soils.

The extent to which CaCl, is effective with these poorly reacting
soils is shown in Table III.

According to Table III, Soils 1 and 4 are the most respond¢ive
to CaCl, treatment. To explore the reason for this it is first necessary
to explore thg reasons why the solls are so poorly reacting., Without
doubt, the major reason 1s tha presence of organic matter in some form
of dgcomposition and msy or may not occur as a coiting in the soil
grains,

As ghown in Tahle III, Soils 1 and 2 contain 11,000 P.p.m.

organic matter compared to 4,000 and 7,000 p.p.0,, respectivily for

25Ybed.



Soils 3 and 4. Since Soil 2 responds to treatment with 22 percent
cement, whereas Soil 1 requires +30 percent, it is apparent that thes
actual amount of organic matter present is mot of prime importance so
long as 1t s high and 1s of a certain type. This is further showa by
the faect that seil 3 (4,000 p.p.m. erganic) requires +26 percent cement,
wheress Soil 2 (11,000 p.p.m. organic) requires ouly 22 percent cement.

TABLE III. EFFECT OF CaCly IN REDUCING CFMENT CONTENT
FOR HARDENING POORLY REACTING SANDY SOILS

Cenent Coatent to Hardea, Percent

Soil mber Organic Content by Volg
i
Without CaCly by wt, o
0.6 g
PPl
1 11,000 +30 14 12
2 11,000 22 16
3 4,000 +26 16 13
4 7,000 427 14
Source: Miles D. Cottom end E. J. Felt, Highway Research Board,

Volume 23, 522, 1943,

According to Teble IV gbown, Soils 1 amd 3 are by far the
stroagest, vhersas the best graded ead most dense soils are 2 and 3,
The soils with the most organic matter (11,000 p.p.m.) ars 1 aad 2,
From these comparisons it is difficult to evelve any relation between
gradation, density, organic content, amd cement reactiom with CaCl

’t.l-h °
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TABLE IV, COMPARISON OF COMPRESSIVE STRENGTHS

—————

Compressive Strengths, 1b. per

foil Number  Mawimum Demsity 1 c—-;t_uﬂ;_vd_’_
1% wx& Weight of 80‘.1!
Days  Twenty-eight Days
ibs, per cu, ft.
1 15 + 975 1,500
2 183 710 980
3 118 ¥ 1,260 1,560
4 14 3 675 810

———— -
g ——

Source: Miles D, Cotton and E. J. Felt, Highway Research
Bosxd, Volume 23, 523, 1943.

The question as to vhy CaCly improves thesa poorly rescting scils

is, of course, of interest. If it is assumed that thepoor reaction is
dua ¢o the presence of orgenic matter in the soil, them it is logical
to assums that the soil could be improved by either removing the orgamic
mitter or rendering it {nactive Yo cement by some chemical asction.
Gviously tha CaCl,; does not remove the orgemic, so therefors, it must

insctivate it.
Ia concrete work under ordinsry temperatures, the use of CaCly

is limited to 2 percent by weight of cement. This small quantity
increases the rate of hydration so that high stremgth is obtained at

early asies.



From this disueseion {t spprara that the action of the CaCla
is at least two-fold,

(1) It hestens the hydration of the cement.

(2) It reacts chemically with the orgamic matter in the soil
rendering it partially inactive,

Mixing Period
As with straight soil-cement (with poorly rescting sand soils),

et least a four hour damp mixing period is helpful in soil-cement CaCl,
mixtures, The reason for this may be the scouring action during the

wmixing period, which helps to éislodge the organic film on the sand
grain. This results in a better noil-cement mixtuze because the cament

has a botter foumdation onm which to stick.

Method of Adding CaCly

Tests. Undor ncrmal couditioms thie CaCly msy ba added to the

test specimen in solution as part of the mixing water.
Under emergency comstructiom the CaCly cmm be M to the solil

in the form of dry flakez. Part of the miximg vwater should then be
odded, followed by the rest of the mixing water. Rucess rubbing of the
mixture .mld be mo

mgg;%; In many instances, it-is believed that
simplest construc will iavolve the addition of CaCly in
the form of dry flakes. Least interferemce with mormal con-
struction operations will be obtained by adding the chemical

the day before soil-cement comstructiom, After adding the
CaCly some water may be required to dissolve it. The soil-

CaCly mixture should then be mixed to obtpin uniform distribu~-
tion. "



49

If equipment is availsble, uniform application of CaCly
will be obtained by adding it in solution, either as part of the
mixing water during soil-cement processing, or as part of the
water used to gre-wet the soil the day before soil-cement
eonstruction,?
The most efficlent and economical procedures to follow durimg
construction will have to come from experiemce. Experience with cone
crete and #oil-cemint paving construction indicates that adding caleium

chloride in the field presemts mo difficulty or costly procedures.

Gumbotil Soil By Lime and Portland Cement Adwmimtures

Gumbotil or "Gumbo" is a paculiar gray to mearly black,
vaxy, sticky sail which is emcountered frequeantly in southwest
Tows snd in other glaclated regions of the South Dakotsm,
Iuil.nﬂm, Eansan and Hebraskan steges of the Plelstocene

epoch.

Developing in the zome of accumulation under poor drainage con-
ditioas, Guubo is a hsavy, impervious, clayey material vhich zesntatns
relatively high percentages of [ime clay and colloidal material. Guube
is very plastic at normel muisture coatents and presents very serious
problems to any construction, design or wmaintemance of highways. Any
practical means of modifying this soil to improve its engineering
property would be a boom to engimeers responsible for the highways in
Guubo regions and would greatly bemefit the highway user.

The sample of gumbo used was takea from a pit dug fin the

back slope of & cut ssetion on the morth side of lowva Primary
Road 92 at Station 740 + 60 approximstely 4 mi. east of U. §,

zamlu D. Cottom and . J. Felt, Highway iesesrch Board, 1943,
p. 525,

27y, G. spangler, Highway Research Board, Vel. 29, pp. 561-566,
1949,
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Righway 71, near Cumberland, in Cass County, Iowa. Thg sample
pit vas 2 to 3 ft. below the slope surface and 10 or 12 ft.

be1W the Baguril ground surface before the highway cut was made.
The locition of tha sample 1s such that the soil is pragumed to
be of Mebreskan age, though some authorities believe it is Kansan.
In any event, it is a very old and highly weathered materisl.

The comparisons between the properties of this gumbotil
soil and 1its natural state and those of the soil plus admixztures
indicate that, in general, the engineering properties of the
s0il were improved by the sddition of lime and of Portland Cement.
Thers ves a marked decrease in liquid limit produced by the addie
tion of beth these matarials., Also, tha plastic limit was ine
creased and consaquently the plasticity index was decreased. The
decrease in PI was from 41.7 for the natural soil to 2.0 for 8
perceit lime admixture, and 3.5 for 8 percesit cement, As the per~
cent added increased, the lime produced a much more rapid decrease
in PI then the cement. For example, 2 percent of lime reduced
tha PI to 3,0 whareas 2 percent of cement only reduced it to 27,5,

Similar favorable modification of the soil was noted with
respect to the shrinkage factors and the strength of the soil as
revealed by the CER tests. Both the lime and cement improved
these propertics of the soil, snd sgain thé lime was the more
effactive of the two for equal amounts of admixPure. It will be
noted in Table V shown that socaking the samples containing the
lime and cement admixturas increased the CBR values as compared to
the values "as molded."” This, of course, is coatrary to the usual
affect of scaking natural soils and is probsably due to the cemeanting
action of ths admixtures.

The addition of either lime or cement did not improve the
deneity characteristics of the soil, In fact they appmar to bes
affected somewhat adversaly. The additiom of 4 percent of lime
to the soil decreased the stancdard A. A, 8. H, 0, density from
97.5 for the natural soil to 92.8 pcf. Two percent lime and 4§
percent cement reduced the density to 9.3 and 96.5 pef. respece
tively. These changss are not considered to be significant in
view of the very favorable modification of the soil with respect
to plasticity, shrinkage smd swell, and secrength properties.

This iz only an indicatiom of its possibility to modify
faworably the gumbotil soils of southwest Iowe by the addition
of lime or Portland cement. Also the indigations are that lime
19 morg affective than Portland cewent and pfnduces more exten-
sive modification for the same amount of added matiérial.28

281b1d.
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TABLE V, CALIPORNIA BEARING RATIO TEST ON GUMBO SOIL AMD
VARTIOUS MIXTURES OF SOIL « LIME AND SOIL - CEMENT

e T T T AT T T e T T e e e e

(specimens molded to stendard AASHD density)

Mixture

Hatural Boil 0.1 42 22 1.0
0.5 59 2.5 30 1.2

Soil + 71 lime 0.1 170 450 (]
0.5 1%0 7.3 G600 23.0

Sodl + 4% lime 0.1 B3 200 0
0.3 170 6.6 240 2.3

Sotil + 4% lime 0.1 93 150 0.08
0.5 120 4.6 170 6.7

= m— = = am T
= e e —

Source: M. C. Spangler, Righwey Resssrch Bogrd, Volume 29,
“l‘m. 1“90

Result of molsture tests om 1,092 samples of soil-cement,
sovered with six different materials, are summarized below:

1 - All control (uncovered) panels lost moisture during
the 7-day curing period. Panels that were wetted just prior to
applying materials remained higher in moisture conteat through-
out the 7-day period thsa the non-wetted panels,

2 - Moisture loss and fluctuations in moisiture were greater

S-Ihmlpmlacrmdmommcpmlu
moisture content than did any of the other panels.

4 - All earthecovered panels efficiently retained molsture
in the soilecement throughout the curing period, The efficlency
ofthhtyuofmmhmm@wamﬂnm
keeping the earth wet.
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3« Waterproof paper efficlently retained moisture in all
panel® covtred with this material. The paper was deastroyed by
the powér broom on the fifth day of curing, resulting in a gharp
decreage in maisturs content.

6 - In the amount used, calcium chloride as a cover
material, was not very affective in retaining molsture in soile
cement during the curing period. Lo#s in moisture on thess
sections was exceaded only by the uncovered panels.

7 = All cover materials except calcium chloride were
effective in preventing the entrance of rain water into the soile
cément base.

8 - Humidity affected moisture content in the soilecement;
high humidity resulted in higher meisture contents. Changes in
humidity seemad to have greater influence on moisture contents.

9 « In practically all cases, panelz on which the surface
was wettéd Lmmediately prior to covering maintained higher moise
ture contents throughout the curing Beriod than did those panels
on which the surface was not wetted.?9

Chemical Determination of Cement Content of Soil - Cement Miztures

From nt Hardened a8

The msthod for datermining the cement cont@nt of a soil-cement
mixture was found to give accurate and informative results., Sinece the
calcium content varies with the different soil Cypes and also varies
somewhat with different shipments of cement, for axtreme accuracy it is
easentisl that a test be made first to determine the calcium content of
each., This 18 bgat accomplished by mixing the soil and cement and deter-
mining thy calcium contint of the mixture. This i# advisable with each
s0il type gncounggred and with gach shipment of Sement., It is natural

to find seme Variation in the calcium content of the seil. Also

29\, W. Maner, "Curing of Soil Cement Bases,” Righway Res€azch
Board, Volume 31, p. 557, 1952.
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it 1s practical to estimate the uniform calcium content of the cement.

General Summation
At the present time, mo effort has been made to draw sharp lines

between soll characteristics and treatment requirements. Ceneral come
clusions are justified regerding chaxascteristics of salls.

1. The liquid limit must be below S0,

2. The plasticity index must be below 25.

3. The clay content must be below 35,

4, The percentage of solids at maximum density must be 60

or greater.

5. The soil must possess a "regular” moisture demsity curve.

If a soil meets the shove specificstioms, it is evident that it
can be effectively hardened by the addition of 4 reasonsble amount of
cement. The cement required to hardea the soil effectivaly will be
spproximstaly the same as that producing effective hardentisg in 2

similar soil fin the same treatment group.



CHAPTER VX
THE LONG TIME PERFORMANCE OF SOIL-CEMENT ROADS

This chapter is the result of a questiomnaire vhich was sent to
12 different states for investigation of the loag time performsnce of
20 different constructions that have beem comstructed more shan 20 years
ago. The infarmation for this investigatiom is collected from Appendixn
I1I. The extra inforuwation sbout these comstructions have been collected
from "Soil-Cement Mixtures for Roads", proceedings of the seventeenth
mmonal meeting of the Highway Research Board.

Only nine replies were received among these 12 states. The
folloving discussion is the summstion of the collected informstion and
the reply. The received questiommaires are in Appendix VI.

South Carolina
During the winter of 1936 and 1937, 11.36 miles of Route 63 in

Hampton County were coustructed by coutract, Ths specification required
a compacted base 22 ft, wide and 6 im., thick. This base was covered
with a mixed-in-place bituminous wearing surface 1/2 in, thick and

20 fe. wide.

The soil in this project varied from almost pure fine sand to
soil containing as much as 25 percent clay. 5ix percent cameut by
waight was used with sandy soil and 10 mmt with soil containing
considersble clay. lo curing was provided but in most instances weather

conditions wers favorgble to ratard ov.nnt'ﬂi of moisture.
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A fallure due to improper construction occurred in a ssctiom of
road one half mile long after the base had been surfaced and under trafe
fic for a short time, The surfacing had been shown end it was dice
covered that the top of the cement stabilized base was soft for & depth
of 1 in, No serious trouble has developed from this fellure and it
has been necessary to patch only a few square yards,

Since then no complete failure has been noticed and no recon=
struction except resurfacing hae been done. The average dally traffic
ie 800 vehiclas,

Illinois
During September, 1939, a soil-cement road, the first to be con-

strueted ia Y1linels, was built mesr Rooklind in Wisncbaps Gounty. The
preliminary tests were made jolntly by the Division of Highways, Spring-
ficld, and the Portland Cement Assoclatiom, Chicago. Construction work
was done by the Wimnebago Couaty Highway Department, The section was
1.12 miles long and the sollecement surface was 18 ft. wide and 6 in.
thick., The section was entirely experimental and was comstructed at
spproximately the came time that several other experimmntal ssctions
were under way in the Middle West,

The soil was chesified after ooll tests as & sandy loam, and
an an A-2 subgrade material grading to either A=3 or A4 groups.

The only failure occurred soon aften gonstruction and the
apparent cause was listed as underground seepage of water under the

basc, -
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The defly traffic 12 estimated at 3150 veshicles per day.

Espaas

State Highway Departmant of Kansas with the help of Portland
Cement AMsociation comstructed the soll-cement reoad im Stafford County.
The road was comstructed im 1938--1.42 mtles. The base was 28 ft. wide
and 6 in. thick.

Success of the consetruction could be attributed to the character
of tha gerrain and subgrade soils. The project trasverses an old river
bed filled with sand across the valley.

Ho failure or any type of cracking has heen ocbserved since con-
struction. The present sverasge daily traffic 1is 1800 vehiclas per day

and 500 commarcial.

Regpsylvanis
During the year 1937 another soil cement project was built in

Lebanon Coumty, Pennsylvenia. The langth of coamstruction was 1.97 miles,
the base vas 14 ft. wide and 6 {n. thick. Tém per cent cement used by
volume.

Shortly after completion it was reccomended the project be given
& prime coat and surface treatment due to raveling. Tha following fall
snother surface treatuent was spplied. 1In 1942 a report of the project
shoved sinking at the guarter points, the edges raveling and some trans-
verse and longitudinal cracks. Additional sirfece treatment vas applied
inl9%S and 1945, Im 1957 @ ome inch surface sourse was epplied by a
portable wixer. The roadway at present iz ‘4 good comdition with me
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apparent soft spots or cracks, The aversge daily traffic is 300 vehicles
per day.

Yirginia
This project in New Kent County was comstrueted in 1938, The

length of this experimental rosd was 2.00 miles and the base was 20.5
fe, wide end 6 in, thick,

The soil on this project was classified as an A=~7+5 sodil by the
H.R.B classification and 8 + 10 cement percent by volume used.

Eurface vas troated 1938, plant mix 1.5 in. in 1544 and sealed in
1949, This project has given very good service consideriung that 540
cars, two sxle trucks and 20 tractor trailer trucks are the average
daily tiaffic. o

Washington
The road was constructed in Whitman County during 1938 one mile

long and the base was 20 ft, wide and 6 in, thick. The average daily
traffic is listed as 790 vehicles per day.

The construction cost and the project was supported by Fortland
Cement. So far no cracking amd failure has been noticed. The voad is
in perfect conditiom,

Missouri
Five different constructions were questioned in Missouri.
One of them was constructed in Monitesu County durimg 1926, The

length of this experimental road was 1,56 giles and base was 22 and 30 ft. wide
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and 6 in, thick., The purpose of this comstruction was to imwestigate
the performance of soil-cement in typical Missouri elay soil. The Port-
land Cement Association financed the comstructionm.

Test sections consisted of vorn sut gravel roeds which were pro-
gramed for improvement consisting of base comstructioa to support
thin bituminous surface treatment,

The cement used for percent by volume varied batween 10 sad 13;
sverege assumed 12 for the complete project. Optimmm moisture content
on the aversge was 15.5 and the meximm demiaity wes 111 paumnds per cu.
fe.

Today after 23 years this road has a 1094 vehicle per day traffic
and is in very good conditiem except in soma isolated edge faflures. The
roadway should be resurfaced to improve riding gqualities.

In connection with an extensive field study of wvariationms in
materials and methods in base constructiom and soil stebiliratioa on
Route 100 TR, Freoklim County, two miles of scil-cewent stabilizaticn
were built, These sections were constructed to cbtain definite cost
and manipulation data as well as to determine the service values of the
various suggested types of stabilization under uniform field conditioms.
The subgrede consisted almost entirely of the Uniom Silt Loam, a losmssial
type scil of ths A - & group. The original wearing surface comsigtsd
of approximataly omne inch of mimed stone snd gravel rather poorly
bonded. '

Todsy the capacity of thase projacts are 1500 vebicles por dgy
and the rosd conditions were studied for different thicknesSes and
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different cement percent by volume, Bix perceat cemgnt, 5 in. thickness,
the portion contains a few scattered lemgitudinal cracks and scatterad
small areas map cracking. Patches are fairly numercus. Edght percent
cement, 6 in. thick and 6 percent cement, 6 in, thick. The riding
surface is from very good to excellent condition. Only ndication of
distrass is shallow rutting in outside wheel track.

The other project was constructed in £t. Clair County, The
length of the road was 4.96 miles; base was 22 ft, wide and 6 in, thick;
cement used percent by volume 8 + 10.

Today this road has 1926 vehicle per day traffic and there is
only some map cracking seem on the rosdway. Noad now has average of
4.6 in. of bituninous mat mizture on 5.8 im. of 8. C. Base.

The last project was in Nodaway Cmty constructed in 1938
4.44 miles long and the bese was 22 ft. wide, 6 in. thick. Cement used
percent by volume 10.

The road has a 820 wehicle per day traffic and is in very good
condition except some isolated cracking and edge failures.

Maryland
The project in Worcester County was comstructed im 1938, The

length of this experimemntal rosd was 2.61 wmiles and the base was 16
ft. wide and 6 in. thick.

The surface treatment was btm gat-buk and chips. The
sverage daily traffic 1s listed as betveen 1;30 end 200 A.D.T, During
the life of this roed so fer, it has received spplicatiocns of Sufaece

Treatment,



So far, no serious cracking has been noticed, Howaver, at intere
vals of spproximstely several hundred fieet, there are ridges across the
road sbout 1 or 2 inches high. They may have been ceused by expsasion
during extremely hot weather.

California
The project in Sistkiyocu County wvas conasewucted in 1938, The

length of this experimental road was 3.00 miles and the base wvas 22 ft.
wide and 6 in. thick,

This project was one of the first of ite type to be constructed
in Californfa. A considerable amoumt of cxperimenting took place in
its comstruction. Mixing was asccomplished by the use of farm equip-
ment and epparsntly was not consistent, The dally traffic is 1420
AD.T. -

Also, tests have been made as to stremgth ef the soilecement,
The lowest and highest strenmgths found were 130 psi and 1233 psi re-
spectively, The aversge of all 10 days tests recorded was 934 psi.

Three resurfacing have taken place during the life of the road
and they arve as follews:

1943 0,10 feet of PM8 (Plant Mix Surfacing)

1954 0.17 feet of PMS

1958 0.33 feet of PMS .

Before ecach surfacing the existing iwtm was badly cracked
and broken in the wheel tracks. The base pparently cracked early and
has mot appreciably deteriovated further.

The second project in Kern-139-A N also constructed during
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1938. The length of this road was 1.00 mile and the bate wan 22 ft.
wide and 6 im, thick.

Two blenkets of Plant Mix Surfaeing heve been placed over the
original construction, One in 1945 and the thickness was 1 1/2 inm.
and the =econd ome im 1956 was 1 ia, thick,

The daily traffic for this road is 1520, There is no distortiom
of the pavement but transverse cracks across pavemsnt 3 to 10 feat
apart,

Fo date has been recelved on the Redwood City preject.

Summary and Conclusions
I -~ The moisture«density tast is an essential test to determine

the cement percent and the amount of water, It is also important for
moisture density cuwves, 1f thore s an irregularity {an these curves,
compressive, freezeethaw, and wetedry tests should be rua for the come
pressive strength and durability of the mixture, Portland cement
Association made extensive investigation to determine the fmportance of
the shove mentioned tests for soil cement stabilization, (S0fl-Cement
Mixtures = Lshoratory Handbook.)

11 « Soil-cement stabilization is especially good for granular
solls with low liquid limit velues, (The reasons have been discussed
in the fifth chapter and the comclusions summarized.)

11T - Soil with high clay contents ﬁéhda a2 long time mixing for am
adequate solle-cememt mixing, L3

IV = Calcium chloride admixture partielly imactivates the chemical

reaction of the orgamic mstter ir the pol]l and hestemns the hydratiom of
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the cemene, This property has been established by the Illinois State
Highway Department,

V = The engineering properties of gumbotil smil improves by the
addition of lime and Portland cement. These materials increasas the
plastic limit, decrease liquid limit and plastic index of the soil.

Iowa State College invostigated this problem for Iowa highways,

VI - In comstruction operations satisfactory pulverization of road-
way soil, satisfactory mimture of woil smd Portland cement, satisfactory
mixture of moisture and soil-cement, satisfactory compaction and sur=
face finish, and satisfactory cover to curtail evappration should be
done. One failure in any of thess items has a big influence on tha
entire construction.

VII « The soil cement rosd construction has a longetime performance
almoat as good as concrete pavement.

Bearing in mind the fact that the primsry objective of the sabove
research was to produce a subgrade which would not undergo such volume
changes that pavement distortion produced, satisfactory results vill be
sccomplished by the cement modified soil without having to produce s
hardened subgrede. Furthermore, the hardened scll cen priwe its bene-
ficial influence even after 25 years,

VIII - Soilecement stabilized roads under heavy traffic did not

nesd extra maintenance compering with flaxible smd concrete pavemsnta,
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APPENDIX I
DESCRIPTION OF CLASSIFICATION GROUPS

Granular Materials - Containimg 35 percent or less pessing
the No. 200 sieve.

Group A - 1 - The typical msterial of this group is a well-
graded aixture of stone fragments or gravel, coarse saod, fine
sand end a non-plastic or fashbly plastic soil binder. Howswer,
this group includes also stone fragmente, gravel, cosrse sand,
volcanic cinders without soil biader.

Subgroup A -~ 1 - a imcludes those materisls consisting
predominantly of stone fragments or gravel, either with or with-
oyt & wellegraded binder of fine material.

Subgroup A - 1 - b includes those materisls consisting
predominantly of coarse send either with or without well-graded
soil binder.

Group A - 3 - Tha typical material of this group is fine
beech sand or fine desert below send without silty or clay f£ives
or with a very small amouut of noaplastic silt. The groupin-
cludes also stresm-deposited misturss of poorly-graded finme send
and linitead sacunts of cearse sand and gravel,

Group A - 2 - This group includes a wvide variety of gravel
materials vhich sze border-line betveen the msterials fallinmg in
groups A - 1 and A - 3 and the silt-clay materials of groups
A& A=5 A-6,A-7. It includes 2l]l materisls conteaining
35 percent or less passimg the No. 200 sieve which ceonot be
classified as A - 1 or A ~ 3, due to fines contamt or plasticity
or both, in excess of tha limitations for those groups.

Subgroups A - 2 - & and A~ 2 « 5 include various granular
materials containing 35 percent or less passing to No. 200 sieve
and with a minue No, 40 portion having the characteristics of the
A~&and A~ 5 groups. These groups include such materials as
gravel and coarse sand with silt contents or plasticity imdexes
in excess of the limitations of Croup A ~ 1, and fine sand with
nonplastic silt content in excess of the limitations of Growp
A - 3.

Subgrouns A = 2 = 6and A - 2 427 includs materials sinflar
to thoss described under Subgroups A - 2 - 4 and A - 2 - S except
that the fins portiocn comtains plastic clay having the character-
fstice of the A -~ 6 or A - 7 group. The spproximate comibined



effects of plasticity indexes im excess of 10 amd percentages

paseing the Ho. 200 sieve in excess of 15 is reflected by group
indsx valuas of 0 ¢o 4.

841t-Clay Materials containinmg more then 35 cent pass
the No. 200 sieve. i .

Group A - 4 < The typical material of this group is a
nonplastic or moderstely plastic silty soil usually baving 75
percent or more passing the lo. 200 sieve. The group imcludes
also mixtures of fine silty soil and up to 64 percent of sand
and gravel recained on No. 200 sigyve. The group index values
range from 1 to 8, with increasing perceastages of coarse
material being reflected by decreasing iandex values.

Group A - 5 - The typical material of this group is simi-
lar to that dpscribed under Group A - &, except that it is usually
of diatomaceous or micaceous chsracter and may dbe highly elastic
as indicated by the high liquid limit. The group index values
range from 1 to 12, with increasing liquid limits snd decressing
percentages of cosrs: material.

Group A ~ 6 - The typical material of this group is a
plastic clay soil wsually having 75 percent or mors passing the
No, 200 sieve. The group includes also mixtures of fime clayey
soil end up to 64 percent of sand and gravel retaining om the
200 sieve. Materials of this group usually have high volume
change betwean wat snd dry states. The group index values range
from 1 to 16, with incressing values indicating the coubined
effect of increasing plasticity indexes sud decreasing percentages
of coarse matsrial.

Croup A - 7 - The typical material of this group 1s
similar to that described under Group A - 6, exmcept that it has
the high liquid limits characteristic of the A - 5 group asnd may
be elastic &8 well as subject to high volume chauze. The range
of sroun index values is 1 to 20, with increasing values {indicat-
1ag the cosbined effect of increasing liquid limits end plasticity
indexes and decreasing percamt:ages of coarse material.

Subgroup A - 7 - 3 includes those materials with moderate
plasticity indexes in relation to 1iquid limit ead which may be
highly elastiz as well as subject to considerable volume ' change



Subgroup A = 7 - & includes those materials with high
plesticicty indexes in relation to liguid limit and which are
subject to extremely high volume changes.3D

3015041 Cement Mixtures,” Laboratory Handbook, Third Editiom,
p. 18, Portland Cement Associationm.
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APPFNDIX IX

SOIL CEMENT ROAD CONSTRUCTION BQUIPMENT REQUIREMENTS

I~1-

II - 2 -

IIT - 6 =
Wb~

Vel

Vi-1-

Vii - 1 -

VIII - 2 -
n.l-

X-1-

Subgrade rooter (adjustable scarificr on pover grader
will reduce equipment needs.)

9 ft. offset disc harrow, minimum dismeter af discs
24 in.

1 1/2 ton truck or eguivalent.

35«40 h.p. truck type tractor., (One tractor equipped
with street plates.)

8 ft. heavy duty spring tooth field cultivators
with teeth back of wheels, power lift, depth control
nechanism, 1 3/4 to 2 in, double-pointed shovels
on each outside tooth and 4 to 5 in. shovels on re-

3 or 4~bottom heavy duty gang plow, 14 to 18 in,
mold board with power lift snd adjustable depth
levers.

1,000 gal. pressure distributor for water. (Mini-
mum water-spreading requirement should be considered
as averaging 100 gal. per minute during water spread-
ing, This will require that the 1,000 gal. pressure
distributor be filled and then emptied on the roadway
at a rate of 200 gal. per minute, omce every 10
minutes. A feeder tank cam be equipped with a 300-
gal, per ninute punp and approximate values and
spreading bar to provide a satisfactory, inexpensive
pressure distributor. WVater spreading will become
slow and expensive unless critical attention is given
to water supply and spreading.

1,000 gal. feeder tank on truck or equivalant.

10 ft. spike-tooth harrow, Teeth mot more thsa 1 1/2
in, apert.

Power-controlled auto patrel, 12 ft. blade (tandem
drive preferred,)

67
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XI « 2 « Double-drum sheeps foot roller, types to be dictated
by soil conditions. Range of foot pressure to be
approximately:

Sand solls, specify umit pressures of 50 to
100 1bs. per sq. in. with tamping feet of
8 to 12 sq, in, area.

Sandy loams and light clay loams, specify
unit pressures of 100 to 200 lbs. per sq.

in, with tamping feet of approximately 7
sq. in, area, Heavy clay and soils contain-

ing considersble aggregate, specify unit pres-
sures of 200 to 400 1bs, per sq. in, with
tamping feet of 5 to 6 =q. in. area.

KII - 1 - Tandem self-propelled smooth-wheel roller, sizes to
be dictated by soil conditions.

Sandy soils, specify 3 to 5 toms.

Sandéy loems and light clay loams, specify
5 to 8 toma,

Heavy clays snd scils containing considersble
agsracate, specify, 8 to 12 toms.

XIII - 1 - Droom drag, optional. Helpful om finishing surface
on some soils,3

3y, u. mills, Jr., L. D. Hicks, r. w. Vanghan, R. R. Litchiser,

J. E. Wood, "Progress in Soil Cement Construction”, Highway Research
Board, Volume 19, 524-536, 1939,



APPENDIX III

SUiARY OF COST DATA FOR SOIL = CELENT ROADS

Year 2= e " Cement Used R e
State Co nty built or Length Width, Area Percent hy _expressed in cost per sg¢. yde Per Remarks
awarded Miles fte sce yde Volume Cement  Frocessing Water Total lile
- —
I11. Winneba-o 1936 1.12 18 11,827 10 v0,226 304222 $0.059 $0,507 $5,354 Force Account
No. Moniteau 1936 le26 22 + 30 20,143 12 04300 04239 —= 0,639 8,248 Force Account
Calife Redvood ity 1937 0424 20 3,955 3 06212 0.140 0.C15 04267 4,312 Force Account
Masse Haverhill 1937 0.8 22 - 34 4,600 10 0.210 04162 0.,C09  0.331 -— City Forces
Winona Ave. (Low rental costs)
Haverhill Cit Forces
Mass.  Smiley Ave. 1937 0.14 36 2,920 10 04239 0,128 0,006 04373 =-——- (Lo rental costs)
Mo. Franklin 1937 1.CO 22 12,858 6+ 8 0,161 04270 -— 0.421 5,545 Force account - machine
Noe Franlin 1337 049 22 12,723 6 +8 Cel82 06150 _— 06332 4,230 Force account = rozd mix
No. Ste Clair 1937 4428 22 64,440 3 + 10 06287 Uell6 06012 0eAlE 5,396 Contract
Pa. Lehanon 1987 1,97 14 16,134 10 06247 06165 -— 0.41> 3,330 Force Account
SeCe Hampton 1937 11.36 22 146,317 10 -— —_ -_ 0.495 6,389 Contract - mach'ne
=Calife iCern 139-A 1938 1.20 22 12,900 9 . 0s203 0152 06015 0.370 4,778 Force Account
[ ] (] . Lora
N %alif. Si‘kkiyou 9 1938 3.00 22 33,720 9 04353 0,101 06012 064472 6,093 Contract
Gae Calhoun 1938 538 21 72,645 3, 10 + 12 04270 04130 — 04400 4,940 Contract - Machine
Ga. Calhoun 1933 5434 21 70,269 3, 10 + 12 04281 04120 —_— 0.101 4,955 Contract - Machine
Kane Stafford 1938 1le42 28 24,276 8 + 10 04264 06131 0e014 0.459 7,818 Contract
Kye Daviess 1938 0ed4 20 80,960 8 + 10 0225 22 04042 0,487 5,708 Contract
Md. Worcester 19383 2461 16 24,405 10 06265 06132 — 0.397 2,700 Force Account
ifo,. Nodaway 1938 4444 22 57,243 10 04254 06139 0.012 04405 5,177 Contract
Va, New Kent 1938 2690 20 1/2 23,427 8 + 10 06227 06194 —_ 06421 4,939 Force Account
Washe Whltmon 1933 1.00 20 11,730 6 +7 04255 04249 0,017 0,521 0,117 Force Account
Averages $04245 —_— — 500434 5,092 20 fte wide
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APPRNDIX IV

MOISTURE = DINSITY RELATTONS OF SOTIL CIMENT MIXTURES
AFTER PROLONCED DAMP MIXYNG PERIODS

|l I
Legend | Dum My timum | Max, ¥ Cement
Tﬁm. hours m.ﬂ‘ﬂ Jens, by volume
S 0 10,9 1228 8,03
ommans e 2 10,9 123.0 8404
6 11,7 121,0 7491
N\
/')
j ’.’,*.\‘
L4 4 “
i
{ H
] I/
{
{
5 14 18 20 i ] 30

Molsture Content « Per Cant of Oven Dyy Weight

70



APPENDIX V

CHARACTERISTICS OF SOIL AND SOIL - CEMENT
AND THEIR RELATION TO CEMENT CONTENT REQUIRED FOR ADEQUATE HARDNESS AND SERVICEABILITY

T T Treatment Groum — - -
I . II 11T
Cement Content by volume, per cent ot ju 0 . 1 st 12
A=2 A=4 A-6 A=2 A-4 A=6 A-2 A-4 A-6
Ues S. Pe Re Ae Soil Groufi A—2 and 3 _ d 7 _and 3 and S and 7 and 3 [and 5 and oo
Range _in_Test Yalues iy
Soil or Soil=Cement charscteristics: (1) (2) (3) |
Liquid Limit of the raw soils 10-32 11-40 19-39 35=52 14-30 25=50 34-72 9-33 25-40 41-66
Plasticity index of the raw soil 0-19 0-22 3-20 17-37 0-26 1-23 14-43 0-11 7-17 18-40
Silt content of the raw soil, per cent 6~39 3-36 29-66 12=45 0=26 16-72 7-66 0-16 | 51=79 15=64
Clay content of the raw soil, per cent 4-31 3-30 | 5=42 13-49 0-25 I 5-28 15=-60 0=15 12-26 23-61
Organic content of the raw soil, parts l 2,500 -
per million tr~4,000 | tr—-30,000 1(‘.1'-)3,500 tr=620 tr-20,000 t:r(‘-;,600 tr-6,000 | 36,000 tl(.h?,OOO tr-32,000
4 5 6
Solids of soil - cement, per cent H2-76 60=75 59~70 52-69 61=75 58-72 49-67 61-73 | 58=62 52-63
(7) (8) (9) (10)
Density of soil = cement, lb. per cue ft. |
oven-dry wte p9-129 110-127 %035122 88=117 104-125 |96-113 86-112 102—121| 98-103 84-103
11):
Optimumimoisture of soil-cement, per cent 7-19 8-16 12-17 | 13-30 (7-§9 |12-23 15=30 ! (8—%0 17-21  18-31
12 13 |
Compressive strength 10 per cent cement |
Specimens, 1lb. per sge ine pa3- 247~ 326~ 382- 144~ 150= 202~ 35= 304~ 166-
Age, 7 days 1,002 894 668 800 613 621 655 148 489 388
[ {15) (16) (17) (18) | (19 |
Age, 28 days K26— 373- 464= 460- 326- 207- 248~ 212 | 3¢7-  |223-
,078 1,261 920 710 920 290 939 515 570 600
| | |
|
Ezo) (21) i
Number of soils included in group p7 66 25 7 61 38 36 6 | 10 20

T o e T i

T
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APPENDIX IIX
SBource: Soil Cement Construction Handbook, Portland Cement Assoclationm.
APPENDIX V

Souree: Seil Comms Mixtmes Lsbevagory Egeibest, Pertlend Commt
Association, p. 59.
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APFENDIX VI
QUESTIONMAIRE
STATE South Caroiina COUNTY Hompton LENGTH IN MILES _ 11,36
QUESTIONS :
Thickness
surfacing
Type of Surfacing Ef turinoug
Is road now in use? Yes

Present average daily traffic 200

Present Conditions:

a) Intact (No failure): Yas_
b) Isolated cracking Yes

c) Map cracking and breakage Yas

d) Complete Failure Nong_

Has there been any reconstruction of this road¥ips oniy regurface
ing.

If so, what was the condition when it was broken up?

Have any tests been made as to strength of the soil cement?p




Comments :

Une 60 pound retrsatment 1950

74

~—Un¢@ OU pound Tetreatment 1958
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STATE_Illinois COUNTY Winnebago LENGTH IN MILES 112
QUESTIONS :

Thickness — & Anches

Type of Surfacing Seal Coat

Is road now in use? Yes

Present average daily traffic 350 (Estimated)

Present Conditions:

a) Intact (No failure): See (b) and (¢)

b) 1Isolated cracking Yes

c) Map cracking and breakage Yos

d) Complete Failure o

Has there been any reconstruction of this road?__Y@8 2 207 Lin, H‘_

If so, what was the condition when it was broken up?_Complete base

failures The feilure ogeurred soon after construction and was appar=
ant1x_gau5ad_nx_ngdgzgggggg_gggggggvof water under the base. Base
caurse was removeds drains instilled, and a crushed stone base re-
pwwﬁﬂ;satisfacgﬁ after reconstructions

Have any tests been made as to strength of the soil cement? No
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Comments : The map cracking has affected approximately 3+2 per cent

of the surface arecs. Base course was completed in July, 1936, but

was not sealed until August 1937, Soil in subgrade and incorporated

in soilw=cement base course was naturally sandy. This road is in

reasonably good condition objectional only in that it is rough

riding.




STATEKgngas countytafford

LENGTH IN MILES 142

QUESTIONS:
Thickness

77

6 inch S0il Cement

Type of Surfacing

2 inch Bituminous Material

Is road now in use?

Present average daily traffic

Yen

1800 Vs Ps Day 500 Commercial

Present Conditions:

a)
b)
c)
d)

Has there been any reconstruction of this roa

1958,

Intact (No failure):
Isolated cracking
Map cracking and breakage

Complete Failure

Yes

Jipw surface course

If so, what was the condition when it was broken up

}solatod

eracking typical of Soil-Cement Base coursess

Have any tests been made as to strength of the soil cementifi___

—_—
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Comments:__ Thig road has been satisfactory singce constructions Mo
serjous defects or heavy maintenance requireds New surface applied

_due to incroased traffic wolumes, Success of this construction

probably due to character of terrain and subgrade soils. The proe
Ject traverses an old river Ded filled with sand clear across the

valleye
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STATE’enngvlvania  COUNTY _JLshanon LENGTH IN MILES _j g7

QUESTIONS ;
Thickness About 8 inches including 6 inghes S/C

Type of Surfacing Latest,; 1957, Al=1, 1 inch Bituminous
W&g} Pas No. 1B aggrggaga-
Is road now in use? Yos

Present average daily traffic 300 vohicles per day

Present Conditions:

a) Intact (No failure): Good condition

b) Isolated cracking None visible

c) Map cracking and breakage Wone visible

d) Complete Failure No

Has there been any reconstruction of this road?ip_zegonstruction of

§/C beee, Bituminous surface has been given several treatmentss

If so, what was the condition when it was broken upP==ee

Have any tests been made as to strength of the soil cement Mumerous

cores were taoken but there 18 no record o any tests run on them other

then measuring for depth of S/C Stabilization.




Commentgdortly after completion it was recommended the project be

80

given a prime coat and surface treatment due to raveling, The fol-

lowing fall another surfoce treatment was appliedes In 1942 2 report

of the project showed sinking at the quarter points, the edges rave

eling, and some transverse and longitudinal cracks. Additional

surface trectments were applied in 1940 and 1949, In 1957 2 one=-

inch surface course was applied by a portable mixer. The roadway at

present is in good condition with no apparent soft spots or crackse
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sTare_T1ToAN12 counry " Kent LENGTH IN MiLES 2¢00
QUESTIONS :
Thickness 6 inches Soil=cement base

Type of Surfacing surface treated 1938, Plent mix 1 IG

inches 1944, Sgaled 1949.

Is road now in use? Yf_i

540 Cars and two axle trucks and 20

Present average daily traffic
tractor trailers trucks

Present Conditions:

a) Intact (No failure): 85 per cent -
b) 1Isolated cracking 6 per cent
5 per cent

c) Map cracking and breakage

4 .
d) Complete Failure per cent

Has there been any reconstruction of this rc:uad?h;dg!it patching of

basg.

If so, what was the condition when it was broken uP'?Th’ i Ao

in low places with poor drainage was wet, and has pushed causing

edge fallures in the solil-cement bases

Have any tests been made as to strength of the soil cemenm._
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The s0il on this project was classifled as an AwTwd soil
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sTaTBlashington CounTy 'hitman LENGTH IN MILEs 1+
QUESTIONS s
Thi ckness 6 inch road mix type cement treated

base

Type of Surfacing 2 ingh road mix with Neo Ss Seal

Is road now in use? Yes

Present average daily traffic 790

Present Conditions:

all rikagE IbNe Gl Dure)ls Yes, few edge. breaks have been patched

b) Isolated cracking o
c) Map cracking and breakagem
to

d) Complete Failure

Has there been any reconstruction of this roacf?

If so, what was the condition when it was broken up?

Have any tests been made as to strength of the soil cemen'lﬁf..____




CoRmBTiR, This one mile section was first experimental use of Porte

land cemente mixed with existing base material in attempt to stab-

ilize the material for foundation, This section has been in use

since its treatment in 1938 and has been given three seal coats over

the road mix treatment that was placed on cement treated base. The

limits of this section are marked by postse
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STATHA ssouri county Meniteau LENGTH IN MILES 198
QUESTIONS :
Thickness 6 inches
Type of Surfacing 27 pound surface treatment
Tas

Is road now in use?

Present average daily traffic 1094 Vo Fo Dw

Present Conditions:

b) Isolated cracking Hone
¢) Map cracking and breakage =N
lone

d) Complete Failure

Has there been any reconstruction of this road'?‘ﬂ'I

I1f so, what was the condition when it was broken up?

gy
Have any tests been made as to strength of the soil cement? _




Comments:___Hgceived maintenance Bituminous Mat in 1940.

Maintgnance Secl Coat applied in 1908 to correct map cracking and

ravelings Roadway should be resurfaced to improve riding quelitiese
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Franklin 1.00
STATE Mhasoud COUNTY LENGTH IN MILES _
QUESTIONS :
Thickness 5 inches and 6 inches
Type of Surfacing 85 pound drag treatment
Is road now in use? Yas

Present average daily traffic 1900

Present Conditions:

a)
b)
c)
d)

Intact (No failure): See_Comme/its
Isolated cracking

Map cracking and breakage

Complete Failure

Has there been any reconstruction of this roadﬁudgg;$2h1§;Z§§§g_ﬂu_
deck and 2 gesl coat in 1947 by contracts

If so, what was the condition when it was broken up?

Have any tests been made as to strength of the soil cement? N2
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Comments:

rface. Uanerclly, the xiding surface _
is verv gaod 10 exgellent. 990400 to 9:0+#20, Riding surface is

¥ery good to gxgellents Omly indjcetion ¢f distress is shallow
cutting in outside wheel track of both lanes. Rutting seems to be
@oXg predominant in West bound langs




STATE Missoupl COUNTY Franklin LENGTH IN MILES 0499

QUESTIONS :

89

Thickness 6 inches
Type of Surfacing 30 pound Seal Coat (%)
Is road now in use? Yes

Present average daily traffic 1300

Present Conditions:

a)
b)
c)
d)

Has there been any reconstruction of this road?i? de/ Stas

Intact (No failure): See Comrents

L] L]

Isolated cracking

L L]

Map cracking and breakage

" W

Complete Failure

deck

and seal coat in 1947 by contract

If so, what was the condition when it was broken up?

Have any tests been made as to strength of the soil cement? @
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1020400 tp |

areas of map cracking and longitud ckin Th

ous scattered patchess This portion did not receive the last seal

coat treatments.




STATE_Misgouri COUNTY _Sta. Clalr LENGTH IN MILES __ 4498

QUESTIONS :

Thickness

921

6 1nchﬁ57

Type of Surfacing

1 ingh Bituminous Mat

Is road now in use? _Yes
Present average daily traffic _ 1926
Present Conditions:

a) Intact (No failure):

b) 1Isolated cracking

c) Map cracking and breakage A

d) Complete Failure

Has there been any reconstruction of this road? o

If so, what was the condition when it was broken up?

Have any tests been made as to strength of the soil cement?




Comments:__ Recoived light maintenance mats in 1945 and 1952 and

92

maintenance seal coats in 1953 and 1999, Road now has average

of 44,6 inch of Bituminous Mat Wixture on 5.3 inch of SC basee
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STATE  Missourl county Nodaway LENGTH IN MILES 444
QUESTIONS :
Thickness 6 inches

Type of Surfacing

40 pound surface treatment

Is road now in use?

Present average daily traffic

Yas

820

Present Conditions:

a)
b)
c)
d)

Has there been any reconstruction of this road?

Intact (No failure):

Isolated cracking Isolated cracking and edge failures

Map cracking and breakage

Complete Failure

No

If so, what was the condition when it was broken up?

il
=

I\
Have any tests been made as to strength of the soil cement?____




Received maintenance mat in 1945, Cored by PCA, July
Comments:

1958, Approximate mat thickness 3 inchese Old mat dead end gravel

apparently chewed core sample into small fragments. Sides of hole

showed hard, dense soil-cement bases Samples could not be tested.
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STATE_lagyland COUNTY Vorcester  [ENGTH IN MILES 2461

QUESTIONS :

Thickness & inghes

Type of Surfacing Surface Treatoent - i.¢9. Bituminous
Quizmback and chips

Is road now in use? Xeos

Present average daily traffic Jgw = perhaps betwsen 100 and 200 ADT

Present Conditions:

2) Intact (No failure):

b) Isolated cracking _Xaa

c) Map cracking and breakage

d) Complete Failure

Has there been any reconstruction of this road?__lHa

If so, what was the condition when it was broken up? s

Have any tests been made as to strength of the soil cement? Materials

ing recordsj will adﬁse you laters




A sma)l smount of oracking along the edges of the road
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