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oTHERE IS AN INCREASING DEMAND for quality paving materials at all levels of
the highway system (local, atate, and federal). These quality materials must econom-
ically provide desirable strength and durability characteristics. In certain areas of
Illinois ag well as in many other areas of the United States, gquality natural materiala
meeting thege requirements are not locally available and must be transported a large
distance at considerable cost, Tt 1s apparent that, from the economic standpoint, it is
desirable to utilize locally available materials to the greatest extent possible. In many
instances, quality paving materials can be obtained by appropriately modifying or sta-
bilizing local and on-site materialg.

Although considerable work has been done in the field of material beneficiation (mod-
ification and stabilization), suitable criteria are not generally available for determining
which procedures or techniques can feasibly be used with a particular material in order
to achieve maximum benefits at minilmum cost. Thie ia particularly true with natural
goils or unprocessed granular materials.

This paper ouilines the pertinent aspectg of a research project that was aimed at de-
veloping stabilization recommendations for the surficial soils of Illinois.

RESEARCH OBJECTIVE

The general objective of the investigation was concerned with maximum utilization
of local and on-gite materials in pavement consiruction. Specific objectives were as
follows:

1. Develop, for typical Illinois surficial deposits, guidelines and criteria necessary
to determine the applicability of current materials beneficiation techniques; and

2. Develop, for specific Illinois surficial soils and materials, feaaibility recom-
mendations that will provide for effective and economical utilization of various stabiliza-
tion techniques and promote maximum utilization of local materials.

Thig investigation was limited to a study of the applicability and utilization of the
more common beneficiation techniques (lime, cement, bituinen, and lime-fly agh) and
the exploration of a limited number of new techniques (combination stabilization and
blending).

DEVELOPMENT OF TENTATIVE STABILIZATION GUIDELINES AND CRITERIA

Effective and economical application of various stabilization techniques can be ob-
talned only if the capabilities and limitations of stabilizing agents are well established
and understood. A literature review (1) was conducted to establish the type and nature
of the stabilization reactions afforded by the various stabilizers and to establish a socil's
or an aggregate's chemical and physical characteristics that affect the ability of a par-
ticular stabilizing agent to properly modify or stabilize the soil or the aggregate.

Two broad categories of gtabilizing agents exist with respect to the stabilization
mechanisms effected when the agent is mixed with water and = soil or aggregate. "Ac-
tive" stabilizing agents, a prime example of which is lime, cause chemical reactions
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TABLE 1
SUMMARY OF CHAHACTERISTICE OF BOIT. BAMPLES

Percenl
Sarnple Localion TNegeriplion AMASHO LL FI T
Clay
Wisconsin luam till  Champaipn County  Calearsows logo LIl of
Wisconsin age A-4{6) 23 T 1%
IMinoian till Bangamon County Calvareous oam Lill of
Illinoian age Astifs) 25 11 14
Fayelte B Henry County Prolile developed in
rgleareous silt loam A-T-6(12) &7 94 34
Fayelte C ilenry County Peorian loess A-4(8) 32 1n 21
Plainficld sand Case Counly Oulwagh deposit in
Ilbinois River buttum A=d{0] NP 2
Hamburg sandy Caes Coundy Caleargous loess from
lagm 1linesis Fiver bluff A-4(8) 26 b ]
Dickinson D Whilewside Counly Prallle developed in A-2-4(0) 20 2 [
BPickinuon C Whitoside County sandy outwash materizl  4-2-4(0) NP 4
Alvin B Lawreance Counly Profile developed in A-414) 20 1 15
Alvin C Lawrence County } sandy oulwarh material A-4(d) NT* 14
Sandy Loany till McHenry County Culvareous saody loam
till of Wisconsin age A-1-bit) NP 4
Dil-rup gravels MrLean County Piljt—rm: nla(il}lﬁ}s I'That A-1-b{0) NP 4
Lureau Couoly g‘:al:‘lue 'ir‘n:;ncil'ilcn::iins A-1-b(0) NP <3
Ava B Williameon County  Highly weathered
Ioesa A-B(10) 29 15 26

parent material will be encountered in pavement construction only in moderately deep
cut sections and in material that is excavated from borrow pits. Thus, a very large
percentage of the surficial materials encountered in highway construction in Illinois
consists of weathered material that ig fine grained in texture.

Development of Sampling Program

The literature study (1) indicated that highly plastic, fine-grained soils can be most
effectively and econemically stabilized with lime. Cement can be used to stabilize these
fine-grained materials, but, normally, the content required by current criteria (PCA)
ig quite high. Fine-grained soils throughout the state have been extensively sampled
and tested in connection with lime stabilization research activities at the University of
Illinois (11_). Consequently, the sgampling program did not include fine-grained materials.

With this background information and close coordinalion with Department of Agron-
omy, University of Illingis, personnel, a limited sampling program was developed in
which representative Illinois parent materials (loess, Illinoian age drift, and Wisconsin
age drift) and selected typical B-horizons were sampled. A general description and
clagsification of the 14 coarse, medium, and moderately fine-textured goil samples are
given in Table 1.

Laboratory Testing Program

A laboratory testing program was conducted to determine the strength and durability
responge of the 14 representative soils to treatment with various stabilization tech-
nigues. The techniques considered included conventional stabilization procedures {ce-
ment, bitumen, and lime-fly ash), blending technigues, and comhination procedures
{(lime-cement and lime-bitumen). A discussion of the laboratory procedures and a sum-
mary of the data are pregented elsewhere (2).

Based on the resulis of the laboratory program and the results of aother research at
the University of Illinois, both published (5) and unpublighed, the tentative stabilization
guidelines and criteria were reviewed, revised, and expanded to reflect the more speci-
fic characteristics of Illinois surficial soils and materials.

APPROACH USED TO APPLY STABILIZATION GUIDELINES AND
CRITERIA TQ ILLINOIS S8QILS AND MATERIALS

In order to systematically apply the stabilization guidelines and criteria to the de-
velopment of stabilization feasibility recommendations, it was necessary to identify and
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classify so0ila of similar characteristics pertinent to soil stabilization and to collect
necessary chemical and physical soil data.

A requirement of any classification syatem is that it be meaningful to the uger. A
number of classification procedures were examined to determine their relative merita.
Of the currently available procedures, it was concluded that the pedological aystem
provided the best method of goil classification for soil stabilization purposes. The po-
tential of this system of classification in cement-goil stabilization has been demon-
strated by Hicks (12}, Leadabrand et al. (7), and Handy and Davidson (11).

Pedological Soil Classification System

The pedological classification gystem is based on the premise that a soil's structure,
form, and properties are controlled by the extent of chemical and physical weathering
to which a deposit has been subjected. A number of important environmental factors,
often termed goil-forming factora, have been found to control the soil that is formed.
The § soil-forming factors are type of parent material, relief, native vegetation, cli-
mate, and age or length of exposure. '

Weathering of a parent material brought about by the various chemical and physical
forces of the environment is most effective at the surface. The relative degree of
weathering decreares with increasing depth from the gurface in a manner such that
various layers or horizons reflecting different stages of alteration are developed in the
parent material. The horizons normally become thicker and more pronounced ag s0il
development progresses. A vertical cross section that slices through the various
horizong or layers is referred to as a soil profile. A typical soil profile is schemat-
ically shown in Figure 2 (6).

The concept of a soll profile and the variation of chemical and phydieal sail prop-
erties in the profile are very imporiant {0 the development of stabilization recommen-
dations. Soil properties such as texture, clay content, plasticity, pH, organic carbon
content, and degree of oxidation vary in a given profile depending on the horizon. The
A-horizon experiences maximum eluviation or leaching as a result of the relatively high
degree of weathering. For this reason, the A-horizon normally containg relatively
gmall amounts of soluble constituents and clay-sized particles. Normally, however,
the organic matter content is rather high in the A-horizon because of the influence of
local vegetation.

The B-horizon is the layer where luvialivn ur deposilion of the inalerial leached
from the A-harizon occurs. Therefore, the B-horizon normally contains a much higher
clay content and displays higher plasticity than the A-horizon; however, generally the
organic matter content of the B-horizon is8 much lower. The C-horizon consists of rel-
atively unaltered parent material and does not reflect the influence of the various chem-
ical and physical weathering forces of the environment.

In some inatancea the C-horizon ig not extremely thick and is underlain by a dis-
tinctly different parent malerial, well within the depth in which highway construction
operationg may occur. The nomenclature of this underlying layer of material variea
from agency to agency.

As the degree of physical and chemical weathering changes as a result of various
combinations of the goil-forming factors, profiles of differing characteristics result.
The subtle differences that oceur, however, are of great gignificance in the determina-
tion of stabilizer feasibility recommendations.

Identification and Classification of Soils in the Pedological Syatem

A number of profile features are used by pedologista to describe a soil profile:

1. Number, thickness, and relative arrangement of horizons in the profile;

2. Organic matter content, usually reflected by the color of the horizon;

Drainage class, as influenced by slope, permeability, and position of water table;
Texture and structure of horizons;

Chemical and mineralogical composition;

. Concretions and other apecial formations;
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Loose leaves and organic debris,

-
ﬁno largely undecomposed,
Organic debris partially decom-
AU posed or matted,

A dark=colored horizon with a
A high content of organic matter .
mixed with mineral matter

Harizons of A light=cclored harizon of maximum
“eluviation < A eluviaticn, Prominent in podzolic
2 soils; faintly developed or absent
in chernozemic soils,
I?Eesg;g:tic soil A Transitional to B, but more like
: 3 A than B, Sometimes absent.
developed by - }
soit-forming 8 Transitional to B, but more like
processes,} ] B than A, Somatimes absent.
|_Hor izons of 4 Maximum accumulation of silicate
illuviation 8 clay minerals or of iron and
2z organic matter; maximum develop~

ment of blocky or prismatic
structure; or both,

4} 33 Transitional to C,

The weathered Horizon G for intensely gleyed

parent material G | tayers, as in hydromorphic soils,

-
-
o .
ca_, Horizons L., and Lo are layers
r C of accumulated ecalcium carbonate
s = and calcium sulphate found in
L a some sQT1s,

Any stratum underneath the soil
such as hard rock or layers of
clay or sand that are not parent
material but which may have signi-
ficance to the overlying scil,

Figure 2. A typical pedologic soil profile showing the major horizons.

7. Vegetation; and
8. Geology of the parent material.

Soils that have profiles similar with regard to all of these characteristics are grouped
together and form a scil type. All soil typea with profiles having the same characteris-
tics except for the texture of the surface horizon belong to the same soil series. Soils
are further grouped into soil-association areas. A soil-agsociation area is defined as a
group of soils occurring together in a characteristic pattern (6). As mapped in Illinoia
on a statewide basis, a piven soil association usually includes soil types and series de-
veloped from similar parent materials under similar vegetation conditions for approxi-
mately the same length of time (6}.

Advantages of Using the Pedological Classification System

The pedologic system of 90il classification offers a number of advantages in soil sta-
bilization work. First, the bagis of the pedological system is very pertinent because
various chemical and physical soil properties are used as the classification criteria.
Second, in mogt areas of the United States, extensive work has been done concerning









TABLE 2
FROPERTIES OF MAJOR,

Domi-
Number and Name Area No. of nent
of Major of Stated Arres Blope

Soil Serien {percant)

Dep
Dreln- Boil Prollle and Sile Fro
3 Degeription? Surfz

(par- ag! fin.

cent;)

1%1 Catlin {a) 1.15 377,100 3-7  W-MW About 1 ft of silt loam on 0-
2 ft of gilty clay loam 12
underlain by gilt loam
grading to celcareous 42-4
loam glacial till, Well
dralned, nearly level to
strongly eloping aolls
formed from about 3 o
5 It of loess over cal-
vareoue loam glacial
Lilt,

56 Dana {b) 0.16 51,500 3-7 MW  About 1ftod slltloam on -1
2% o3 0 of eilty clay 14-5
loam underlain by non-
calcareous clay lagm
glacialtiil thathecomes
caleareous below 4 ft, 50-61
Moderataly wall
dralned, nearly level
soile furmed from 2 lo
4 A of loess over
glecial till

152 Drummer 8,04 1,961,100 ©0-1 P About 1% ft of silty clay 0-1
{a and b) loum on sbout 1% 1t of
sllty clay loam and 18-3
underlaln by silt loam,
loam, or sandy loam J6-6
giarial dvit, Poorky
drained, lovel soils un
loess (44 to 60 in,
Lhick) covered HI1
plaing and moraines
or slream terraces and
outwash plaine. Sea-
sonal water tableg at
or near lhe surface.

154 Flanagan {a) 3.31 1,088,700 1-8 Imp.  About 1 fi of 2lt loam on  0-1.
2 Lo 2 ft o ellty clay 14-4.
logm and underlain by
loam to silt loam Ll 44-61
Bomcwhat poorly
dralned ievel o slop~
ing aclls on loess {40
to 60 in, Lhick} cuvered
till plaine and moraines.
Seasongl water teblea
ghove J It.

481 Raub {b) 0.14 45,800 1-3  Imp. Aboul 1 to 1% ft of allt 0-14
loam on 2 ft of silty 14-5¢
clay loamon 1o 2 A
of clay loam upderlain
by ealcareous lgam
glactel U]l Somewhal  50-60
poorly drained, nearly
level to gemly sloping
Boils formed in about
1%4 to 3 A af laess on
glacial ti} plaine, Sea-
sonal walar tahlea are
wlihin 3 11 of the sur-
faca,

55 Bldell {b) 4,07 23,700 B-12 W About 1 It of silt loam on 0-14
1 tu 1% N of slll clay 14-60
Tuam en 1% Lo 2 1L of
clay logm underlain by
leam glacial 1, Well
dralned, genlly aloplng 50-60
to moderately atecp
Eolio formod in d tu
3 ft of loess on glacial
till plaina and mo-
raines.

2From refaranca 10 “Dala ropptied by Doparrment of Agronomy, Universlty of 1linor.
rom rehoroney 3, I2nta from waginset Ny publfedtions, unpublished restarch in Reparanent of Clvll Enginear

Mote: Parant materlsl—{s) Lowsa 3 to B ft thick on calcareous losm ta silty clay loam till or (b) loass 1 193 M thlck en ¢



BOILE IN BOIL ASBOCIATION B

Snil Classliication Percent
—_— Fassing
UBDA Hiev

Tex- AASHCP

horal Nu. 4 Mo, 200

Clay
Fraction

< S
percent)

Liquid
Limitd
(per-

cent}

Plastleity
Indoxd

{perc IT.I'I[).

Matural
Soil
psb

Organic Carbon
Content, Average
Depths of
CeoeurrenceC {in.)

<3 1-2 >1

Per- Per- Per-
cent cent cent

1t }oam  A-6 or A-T 100 85-100
Ity clay A-8 or A-T 100  §5-100
loam

it loam A-4or A-8 DE-100 §5-75
ta loam

it lvam  A-Bor A-7 100 §5-100
Aty clay A-6or A-T 100  80-90
loam to

clay

loam

cgm to  A-4 or A-6 956-100 55-65
silt

loarn

by elay A-T §5-100 §5-100
loam
Ity clay A-7 or A-6 06-100 B85-100
loam

Wt A-2, A-4,  90-100 30-75
logmi, or A-§

luam,

or

sandy

loam

1t loam A-8 ur A-7 100 85-100
1ty clay A-§ or A-T 100 $6-100
loam

Jam, A-for A-4 95-100 55-95
ilt

LR,

ir

alliy

tlay

loam

it loam A-6 or A-7 100 35-05
lty clay A-6 ar A-T 100 85-95
wam to

:lay

loam

sam to A-4 or A-6 100 §0-T0
it

iDam

't loam A-6 or A-T 100 95-100
Lty clay A-B or A-T 100 B0-90
oam Lo

ay

oam

am to  A-4 or A-G 100  55-85
1ilk

gam

15-25
30-49

15-25

16-26
30-40

15-28

30-40
30-40

10-25

16-26
35-45

15-25

15-25
35-45

16-25

15-25
30-40

16-25

30-60
36-58

30-55

10-55
35-55

26-50

36-65
0-55

NE-50

30-60
42-60

30-55

35-60

30-56
J6-65

25-50

10-35
16-30

11-24

10-25
15-35

11-20

15-33
12-34
NP-30

15-29
16-36

11-30

11-20

10-2g
15-35

11-20

6,6-7.3
6.6-7.3
4.6-7.3

0-16 18-22 22-60

0-16 1-22 22-460

0-16 16-24 24-60

0-12 12-20 20-60

0-12 12-20 20-80

0-16 16-22 22-60

iversity of [Ninols, and various othar sail reports.
m il inencalcarsous = 3%,
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improve strength and durability} of the material in the A-, B-, and C-horizons of each
major soil series.

Stabilization recommendations for a particular material carry either a 1, 2, or 3
rating. A 1l-rating indicates that the stabilizing agent should quite suitably and adequately
provide stabilization if proper construction practice is used. A 2-rating indicates a
questionable rating because the stabilizing agent may provide adequate stabilization but,
in certain cases, adequate stabilization cannot be obtained. A 3-rating indicates that,
in most cases, the particular stabilizing agent will not provide the degree of stabiliza-
tion desired,

Discussion of Stabilization Recommendations

Experience with oiled earth roads in Illinois has indicated that, in some cases, pe-
riadic treatment of organic A-horizon materials with cutback bituminous materials may
provide a satisfactory pavement surface layer for low traffic volume roads. Stabiliza-
tion of this nature was assumed to be in the realm of subgrade modification applications.
A 2-rating was assigned as the bituminous recommendation for all A-horizon materials
except those that are the very high clay content and high plasticity A-7 materials, such
as the A-horizon of the Drummer soils. Treatment of these fine-grained materials, in
most cases, will not provide a satisfactory surface layer, and, thus, a 3-rating was
assigned.

Both cement and lime can be used iu subgrade modification applications with the finer
textured A-6 and A-7 materials of the B- and C-horizons. However, most data indicate
that lime i8 more effective and efficient than cement. Consequently, lime has been as-
signed a 1-rating and cement a 2-rating. It is noted, however, for A-4and low-plasticity
A-8 C-horizon materials, that cement also has been given a 1-rating.

Cement can be used to obtain increased strength and durahbility with fine-grained A-6
and A-7 materials and, thus, a 1-rating has been assigned to these materials (B-horizon
material of all major soils in this association). It should be realized, however, that the
cement content required to obtain adequate durability for these fine-grained, plastic
materiala (PCA criteria) may be quite high, on the order of 9 to 16 percent (by soil dry
weight}.

Lime treatment of "reactive' fine-grained soils will effect substantial strength in-
creases. A 1-rating has been assigned as the stabilization recommendation for lime
where the soil properties indicate that reactive soils will be encountered. Many 8oils
may display slight-to-moderate strength increases on treatment with lime, and, under
certain service conditions, the lower strength lime-treated soils may be satislactory.
Thus, for those fine-grained materials that display limited reactivity, a 2-feasibility
rating has been assigned with the supposition that, under certain service conditions,
this can be changed to a 1-rating.

Stabilization recommendations have been presented concerning the applicability of
combination precedures {lime-cement and lime-bitumen). A foctnote reference is
placed in Table 3 where it was felt that this procedure might be used. A 1l-rating was
not asaigned because the rating is based on very limited data and a brief literature
survey.

SUMMARY AND CONCLUSIONS

Stabilization recommendations for the major scils and materials occurring in Illinois
have beeu developed (9). The general procedures and concepts used in the development
of the stabilization recommendations and a typical example of the recommendations are
presented in this paper.

In developing these stabilization recommendations, the pedological soil classification
system was used to identify and classify soils of similar characteristics relative to soil
stabilization. The soil association area concept was used to combine pedologic s0il
series into groups with similar characteristics and to facililate presentation of pertinent
data and feasibility recommendations.

Extensive soil data necessary to properly apply the stabilization guidelines and cri-
teria were obtained from the Department of Agronomy, University of Illinois, the Soil
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Conservation Service, the University of Illinocis Engineering Experiment Station publica-
tions, and various other sources of published and unpublished data. )

Although stabilization recommendations were presented only for major soils within
each soil association area, by utilizing the guidelines and criteria that were developed
for the suils of Illinois and by appropriate consideration of stabilization technology, sta-
bilization feasibility recommendations can be readily determined for other soils.

The information that can be obtained from a report containing stabilization recom-
mendations of this type is meant to facilitate the selection of a stabilizing agent or agents
and to promote maximum use of local materials in various highway consatruction applica-
tiona. However, additional factors muat be considered in order to obtain quality stabi-
lized materials meeting job requirements. Appropriate mixture design procedures must
he used to satisfy job requirements for particular applications. Economic considera-
tions, in many cases, may be very important and will often be used in the final selection
of a stabilizing agent. Finally, proper construction techniques and control must be used
to ensure that a guality product is obtained in the field.

It has been demonstrated that, by using the extensive soil information that ig avail-
able from various sources, stabilization recommendations for large areas, such as the
state of Illinois, can be developed with a minimum amount of sampling and testing. The
concepte demonstrated in thig paper can be used to develop stabilization recommenda-
tions for areas of other sizes such as residential areas, cities, counties, and reglons.
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