
Concepts for Developing Stabilization 
Recommendations for the Soils of an Area 
Q. L. ROBNETT and M. R. TUOMPSON, 

Department of Civil Engineering, University of Illinois 

•THERE IS AN INCREASING DEMAND for quality paving materials at all levels of 
the highway system (local, state, and federal). These quality materials must econom­
ically provide desirable strength and durability characteristics. In certain areas of 
Illinois as well as in many other areas of the United States, quality natural materials 
meeting these requirements are not locally available and must be transported a large 
distance at considerable cost, It Ls 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 materials. 

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 minimum cost. This is particularly true with natural 
soils or unprocessed granular materials. 

This paper outlines the pertinent aspects 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-site materials in pavement construction. 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, feasibility re com -
mendations that will proVide for effective and economical utilization of various stabiliza­
tion techniques and promote maximum utilization of local materials. 

This investigation was limited to a study of the applicability and utilization of the 
more common beneficiation techniques (lime, cement, bitumen, and lime-fly ash) 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
tained 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 soil'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 stabilizing agents exist with respect to the stabilization 
mechanisms effected when the agent is mixed with water and a soil or aggregate. "Ac­
tive" stabilizing agents, a prime example of which is lime, cause chemical reactions 
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to occur in the soil-water-stabilizer system. These reactions are responsible for the 
improved engineering characteristics of the treated mixture. With this type of stabiliz­
ing agent, the chemical properties of a soil are very important. The literature indicated 
that soil properties such as organic matter content, natural soil pH, degree of weather­
ing, type of internal drainage, horizon in the pedologic profile, predominant type of clay 
mineral, and, to a certain extent, texture and plasticity greatly affect the modifying or 
stabilizing ability of the active stabilizing agents. 

''Inert" stabilizing agents, an example of which is bituminous materials, do not react 
chemically with the soil or aggregate, but rather provide modification or stabilization 
to the system by increasing the cohesion or water-proofing or both of the treated mix­
ture. With this type of stabilizing agent, physical characteristics of the soil such as 
gradation, texture, and plasticity are the predominant factors that control the modifying 
or stabilizing ability. 

Many other stabilizing agents such as cement and lime-fly ash display both active and 
inert characteristics, and thus both chemical and physical soil properties are important. 

With the information derived from the literature survey, it was possible to establish 
tentative guidelines and criteria that could be used to promote effective utilization of dif­
ferent beneficiation techniques . 

VERIFICATION OF THE APPLICABILITY OF THE TENTATIVE STABILIZATION 
GUIDELINES AND CRITERIA TO ILLINOIS SOILS AND MATERIALS 

The next step after establishing the tentative stabilization guidelines and criteria was 
to verify their applicability to Illinois soils and materials. To verify the applicability of 
the tentative guidelines and criteria, it was necessary to sample representative Illinois 

Rurficial materials and to determine their re­
sponse to treatment with various beneficia­
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Figure 1. The extent of the soi I parent materials 
in Illinois. 

tion techniques. 
In order to plan an appropriate sampling 

program, the nature and distribution of the 
surficial deposits of Illinois were eslablished. 
Relevant publications from the Agricultural 
Experiment Station, Illinois Geological Sur -
vey, and various other sources of published 
and unpublished information were reviewed, 
and a short summary was prepared (~).-

Soils of Illinois 

The surficial soils of Illinois are mainly 
derived from loess and relatively young Wis­
consin age glacial drift, but in some areas 
older more highly weathered Illinoian age 
glacial drift may be found close to the sur­
face. Figure 1 shows the extent and distri­
bution of the main parent materials found in 
Illinois (8). 

The surficial deposits of Illinois can be 
placed into 3 general engineering groupings: 
(a) highly plastic, high-clay content, fine­
grained A-6 and A-7 AASHO classified soils; 
(b) medium-textured A-4 and low-plasticity 
A-6 soils; and (c) coarse-textured A-1, A-2, 
and A-3 gravelly and sandy soils. Data given 
in reference 5 indicate that a substantial pro­
portion of the-parent materials (material be­
low the zone of weathering) of Illinois are 
medium-textured A-4 and low-plasticity A-6 
sons. However, in g·eneral, unwealhenitl 



TABLE l 

SUMMARY O.F CHAHACTF.IUSTTCS OF son, SAMPLES 

_l.lt!rc.:enl 
Sample Lo~alion nesr.:r-ipUon AASIIO LL PI < 2i, 

Clay 

Wisconsin loam till Champai~n CuLlnty Ca.lr . .:i1•eou,~ loam till of 
Wisconsin a~c A-1(0) 23 rn 

llli noi:.:1 n till Sangamon l\11Jnty Calcareout;; l~m, li H of 
lllinoian age A·ti(6) 25 11 14 

F.ayieltf! fi Hcnr}' County l'ruhl,e. de,•!:!luped l.o 
r:aka,·~oui:; .'iill loam A-7-6(12) fr7 34 34 

Fayelle C Henry County Pcorian loess A-4(B) I 32 to 21 
Pla inli cld sand CaBB Cour,ly Oulw<-1al1 deposit In 

lllinois River bottom A·:J(O) NP 2 
Hamburg- sand}' Cass Gr:u1.n1 y Cal<'.a r·eoui:: loe1;f: from 

lo~n, Jllinuis River blulf A-1(8) 26 2, 5 g 

Die kill son B Whilt-t:1ide Cm.inly } Profile developP.d ill A-2-4(0) 20 2 H 
Dir.ki m::1L)n C Whitnsidc County sandy outwash materia.l A-2-4(0) NP 8 
Alvin B LaWH!J\r:f! County } Profile developed in A-411) 20 1 15 
Alviu C Lawrl:::!ri~I:::! County i::;andy oulw~i:;h material A-4(4) NP u 
Sandy loam till Mr.Henry County Cak:areouo sa11dy loarn 

till of Wlsconi::;in ag-r! A-1-b(0) NP 
.Pil-run gn:t'L'eh:i M(!Lr:an County } 

Pit-run .materials that A-1-b(O) NJ? 4 
Bureau Counly 

do not meet 1llin.ois A-1-b(O) NJ? <2 
gt·9dc 7 i;pn<!irications 

Ava B Williamson Cuunty Highly weathered. 
lOeii::i A-6(10) 3D Hi 28 

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 is fine grained in texture. 

Development of Sampling Program 
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The literature study (1) indicated that highly plastic, fine-grained soils can be most 
effectively and economically stabilized with lime. Cement can be used to stabilize these 
fine-grained materials, but, normally, the content required by current criteria (PCA) 
is 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 (4), Consequently, the sampling program did not include fine-grained materials. 

With this background information and close coordination with Department of Agron­
omy, University of Illinois, 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 
classification of the 14 coarse, medium, and moderately fine-textured soil samples are 
given jn Table 1. 

Laboratory Testing Program 

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

Based on the results of the laboratory program and the results of other research at 
the University of Illinois, both published (5) and unpublished, 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 TO ILLINOIS SOILS AND MATERIALS 

In order to systematically apply the stabilization guidelines and criteria t o the de­
velopment of s tabilization feasibility recommendatidns, it was necessary to identify and 
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classify soils of similar characteristics pertinent to soil stabilization and to collect 
necessary chemical and physical soil data. 

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

Pedological Soil Classif~cation System 

The pedological classification system 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 soil-forming factors, have been found to control the soil that is formed. 
The 5 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 vai•ious chemical and physical 
forces of the environment is most effective at the surface, The relative degree of 
weilthering dP.cre:tAeR with increasing depth from the surface 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 as soil 
development progresses. A vertical cross section that slices through the various 
horizons 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 son profile and thl:' variation of df:'mi1_•.Hl Hnil phyHicHl ~mil rro11-
erties in the profile arc very important to the development of stabilization recommon 
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 hori:rnn. 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 contains relatively 
small 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 llluvialiun ur tle{.lusiliun uI the maltil'ial lt'la.ched 
from the A-horizon 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 is 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 instances the C-horizon is not extremely thick and is underlain by a dis­
tinctly different parent material, well within the depth in which highway construction 
operations may occur. The nomenclature of this underlying layer of material varies 
from agency to agency. 

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

Identification and Classification of Soils in the Pedological System 

A number of profile features are used by pedologists 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; 
3. Drainage class, as influenced by slope, permeability, and position of water table; 
4. Texture and structure of horizons; 
5. Chemical and mineralogical composition; 
6. Concretions and other special formations; 
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Figure 2. A typical pedologic soil profile showing the major horizons. 

7. Vegetation; and 
8. Geology of the parent material. 
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Soils that have profiles similar with regard to all of these characteristics are grouped 
together and form a soil type. All soil types with profiles having the same characteris­
tics except for the texture of the surface horizon belong to the same soil ser ies . Soils 
are further grouped into soil-association areas. A soil-association area is defined as a 
group of soils occurring together in a characteristic pattern (6). As mapped in Illinois 
on a statewide basis, a given 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 (§_). 

Advantages of Using the Pedological Classification System 

The pedologic system of soil classification offers a number of advantages in soil sta­
bilization work. First, the basis of the pedological system is very pertinent because 
various chemical and physical soil properties are used as the classi'fication criteria. 
Second, in most areas of the United States, extensive work has been done concerning 
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pedologic soil mapping and classification. As a result, excellent maps and pertinent 
physical and chemical data are readily available from county, state, and federal agen­
cies. For example, extensive soil information was obtained for this research project 
from the Department of Agronomy, University of Illinois, and the Soil Conservation 
Service, U.S. Department of Agriculture. 

Stabilization Technological Considerations 

Effective and economical utilization of stabilization procedures requires that proper 
consideration be given to the type and nature of the stabilizing agents, properties of the 
soils and aggregates, stabilization objectives, and construction techniques. 

For highway-related applications, stabilization objectives can be divided into 3 broad 
categories: construction expedient, subgrade modification, and strength and durability 
improvement. 

Construction-expedient applications are concerned with improving vehicle-mobility 
problems often associated with fine-grained soils at high natural-water contents and 
degrees of saturation. In many cases, problems of this nature can be greatly improved 
or alleviated with the correct application of various stabilization techniques and proce­
dures that efiect an immediate improvement in (a) resistance to deformation, (b) load­
carrying capacity, and (c) shear strength. In essP.nr.P., a "wmkin[>; table" is created on 
which construction operations can be carried out in an efficient, effective, and econom­
ical manner. 

Subgrade modification applications of stabilizing agents are concerned with improving 
engineering characteristics of the finer grained plastic subgrade soils. Stabilization of 
these materials will effect the following: 

i. it ctccrenocct plasticity (some soils ma_v actually become nonplast.ic will1 l11e awuunli,; 
of stabilizer normally used); 

2. A reduced swell; 
3. An increased CHR, even though extensive cementing may not be obtained because 

of either a lack of "reactivity" (some 1,oils do not display substantial strength gains when 
lime is added) or the use of stabilizer quantities less than required to effect substantial 
strength incr-easEls, 

4. A decreased resilience; 
5. An increased resistance to the detrimental effects of frost a.ction, ra.infall, or 

moisture content fluctuations; and 
6. Improved workability characteristics and ease of handling. 

Strength and durability improvement applications are concerned with upgrading (in­
creased strength and durability) soils and aggregates to provide economical paving ma­
terials of subbase and base-course quality. 

In the development of stabilization recommendations, appropriate considerations 
must be also given to field construction of stabilized layers and construction-related 
problems. Improper construction of stabilized materials can lead to unnecessary and 
costly failures of otherwise properly designed pavements. 

Field construction techniques depend on the type of stabilizing agent being used, the 
type of soil being treated, the stabilization objectives, and, to a certain extent, the type 
of equipment available. 

To obtain satisfactory field construction of stabilized materials, a number of factors, 
including pulverization, stabilizer distribution, mixing, blending, compaction, andcur­
ing, musl be properly controlled to ensure the quality of the stabilized mixture. 

ILLUSTRATIVE EXAMPLE 

An example is an appropriate method of illustrating the type of stabilization recom­
mendations that were developed and the format of presentation that was used. As an 
illustrative example, stabilization recommendations will be presented for the major 
soils oI one of the 26 soil associations in which the soils of Illinois have been grouped 
by the Department of Agronomy, University of Illinois, and the Soil Consenation Ser­
vice (8). Stabilization recommendations have been developed (9) for the major soils in 
all of t he 2 6 soil associations of Illinois. -



7 

Characteristics of Soils in Soil Association B 

Soil association area B occurs in east-central and north-central Illinois (Fig. 3) and 
occupies 2,631,000 acres or about 7 .2 percent of the state. The soils in this associa­
tion have developed under grass vegetation from either 3 to 5 ft of loess over loam to 
silty clay loam Wisconsin glacial till or 1 to 3 ft of loess ·over clay loam Wisconsin 
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Figure 3. General soil map of Illinois. 



TABLE 2 

PROPERTIES OF J!,lA.JOR, 

Domi-
Dop Numbijr and Name Area mmt 

or Major of Stateil 
No. of 

Bl0pe Drain- Soll Jl, oflle and Site Fro 

Soll Serie• (percent) Acres (per- age Dfl,scr1ptionb Surfa 

cent) (In: 

J'IJ Catlin (a) 1.15 377,100 3-7 W·MW About 1 ft or o!lt loam on 0-l 
2 ft or aUty clay loam 12-4 
under lain by silt loam 
grading to calcareous 42-6 
loam glacial tilL Well 
draJned, nearly level to 
strongly slopjng 11:1o1ls 
formed from about 3 to 
5 ft of loe ss over cal-
1.:areous loam glacjal 
till, 

560ana(b) 0.16 51,500 3-7 MW Aboul 1 It ol slit loam un 0-l 
2½ to 3 It of eilty clay 14-5 
loam underlain by non-
calcareous clay loam 
glacial till tb a th ec om e~ 
calcareouB below 4 ft, 50-61 
Mode.ralBly well 
drained, nearly lcvti:!l 
so.il111 formed fron1 2 io 
4 ft of lDtl:!:!8 over 
glacial tilL 

152 Drummer 6.06 1,991,100 0-1 
(a and b) 

p Ab<>ul l½ It of • lily clay 0-1 
loa.m on ab<>ut t¼ ft of 
ollty clay loam am! 16-3 
under laJu by 11ilt loam 1 
loam, or eandy loam J6-6 
gl~,'1 ~I rtr1tt. J.llo,r:,rly 
drained, Lovel soi la un 
loeB& (40 to 60 ill, 
!h!cll) coverocl 1111 
plains and moraines 
or stream t@rracee and 
outwa.sh plainB. Sea~ 
i11onal water tables a.t 
or near the eurfac e. 

154 li'l~nag!f.P (~) 3.31 1,0~6,700 !-3 !mp. Abo~t 1 ft ot ::.!It loar.i on 0-1. 
2 to 3 ft of e11ty olay 14-4• 
loam and under lain by 
loam to silt loam tHL 44-6! 
Som cw hat poorly 
drained level to slop-
ing soils on loeee {40 
to liO l•. thick) covered 
tin plains and mol'ainee. 
Seasonal water table 11 

above 3 It. 
481 Ra\Jb (bJ 0.14 45,800 l·S Imp. About I to I¼ ft of slit 0-14 

loam on 2 ft of outy 14-5C 
clay loam on l to 2 It 
of clay loam. nndexlain 
by calca.t"eOV.B loam 
glacial Wl Somewhat 50-60 
poorly drained, neElJ'ly 
level to gently olo,Plhi 
soils formed in about 
I¼ to 3 ft or Joeeo on 
glacial 1111 plain•. Bea-
eonal water tablea are 
wJthin 3 fl of the sur-
fa~a. 

55 Sidell (b) 0,07 23,700 6-12 w About 1 ft ol ellt loa.m on 0-14 
I to 1¼ fl ofwll cl•y 14·60 
h.Jam un t¼ tu 2 rt vf 
clay loEUn underbin by 
loam glacial ttlJ. Well 
drained, gently sloplng 50-60 
to moder11tely steep 
~ollo formod in 3 to 
3 it of loes• on glacial 
till pWns and mo· 
rwnea. 

8from relttonco .lil. 
bF,om tolfffflCI .J. 

coau ,uppJled by Dl!f)«tmenl of Av,onarny, univ-en.It, of 1111nol,. 
do JU• from ~ ,:tffl'lng pub I letl.ioo•. u npublishod rostarch in Otounrnent of Clvl I ,e ngin00rf 

Not1: f1111t1nt materlel-hil ~ 3 to 5 ft thick on c:a,c.aroous lolilm to gilW .c1c1v loam till or (bl loegg 1 to 3 ~ thick on c 



SOILS IN SOIL ASSOCIATION B 

Soil Cl aselfi cation Percent 
Paeelng 

USDA Sieveb 
Tex- AASHob 

turalb No. 4 No, 2.00 

llt loam A-6 or A-7 100 96-100 
llty clay A-6 or A-7 100 95-100 
loain 
IUJoam A-4 or A-6 96-100 05-75 
to loam 

:tt loam A-6 or A-7 100 95-100 
_!Uy clay A-6 or A-7 100 60-90 
loam to 
cla;y 
loam 
oam to A-4 or A-6 90-100 55-65 
silt 
loam 

,.tty clay A-7 95-100 85-100 
loam 
lty clay A-7 or A-6 
loam 

96-100 65-100 

Jt A-21 A-4, 90-100 30·75 
lo.am, or A-.6 
loam, 
or 
~and.y 
loam 

II loam A-6 or A-7 100 95-100 
lty clay A-6 or A-7 100 96-100 
to:.un 
Jam, A-6 or A-4 95-100 55-75 
!lilt 
Loan1.1 
Jr 
all(y 
Olay 
loo.m 

Jt loam A-6 or A-7 100 85-90 
Jty clay A-6 or A-7 100 65-95 
wamto 
,Jay 
loam 
,1am to A-4 or A-6 100 60-70 
,ut 
loam 

l.t loan, .A-6 or A-7 100 95-100 
tty clay A-6 or A-7 100 60-90 
oam to 
,Jay 
oam 
1am to A-4 or A-6 100 5o-B5 
1ill 
oam 

i1Jers,1v of 1111 nol&-, ani:j \llrlous 0th.er soil reports. 

m til I j noncale1nous "> 3½). 

Organic Carbon 
Content, Avera.ge 

Clay Liqu id 
P lastl.clty Notural 

Depllis of 
.Fract!o11 LlmJtd 

lndoxd son Occurrence• (In.) 
< 2j.C (J,er- (percont) pllb (po,cent) cent) <'. 2 1-2 :, I 

Per- Per- Per-
cent cent cent 

15-25 30-o0 10-25 5.0-6.5 
30·40 36·6B 16-30 5.6-6.5 0-16 16-22 22-60 

15-25 30-55 11-20 7.4-B.4 
(calc,) 

16·2• 30-55 10-26 5.6-6.5 
30·40 35-55 15-35 5.6-6,0 0·16 16·22 22-60 

15-26 26-50 11-20 7,4-6.4 
(calc.) 

30-40 36-65 15-33 6.6-7,3 

30-40 30-55 12-34 6.6·7.3 0-16 16-24 24-60 

10-25 NP·60 NP-30 6,6-7, 3 

lo-26 30-60 15-29 5.6-6.5 
35-46 42-60 16-So 5.6-6.5 0-12 12-20 20-60 

15-25 30-55 11-30 7.4-8. 4 
(calc,) 

15-25 5. 6-6. 5 
35-45 5.6-6.5 0-12 12-20 20-60 

16-25 35-60 11-20 7.4-8.4 
(Cale.) 

15-25 30-56 10-26 6.6-6. 5 
30-40 35-65 15-35 5, 6-6. 0 0-16 16-22 22-60 

15-26 2,-50 11-20 7.4-8,4 
(calc.) 



10 

glacial till. Various sources of information (3, 6, 10) and data supplied by the Depart­
ment of Agronomy, University of Illinois, were used in preparing Table 2, which sum­
marizes typical ranges in pertinent soil properties and characteristics of the major soil 
series within soil association B. 

The basic differences recognized in mapping the soils in this association are parent 
material and internal drainage or slope. Sidell, Catlin, and Dana are well, well to 
moderately wdl, and moderately well drained soils respectively; Flanagan and Raub 
are imperfectly drained soils; and Drummer is a poorly drained soil. 

As a r esult of being developed unde1· grass vegetation, relatively thick A-horizons 
of relatively high organic matter content are characteristic of these soils. Because 
organic matter is known to be detrimental to many stabilization reactions inherent with 
"active" stabilizers, typical depths of occurrence for various amounts of organic carbon 
are given in Table 2 for the major soils of this association. As noted, the organic car­
bon content is typically greater than 2 percent to a depth of 12 to 16 in. and is less than 
1 percent at depths greater than 20 to 24 in. 

Available information indicates that the A-horizon materials are typically A-6 or 
A-7; the B-horizon materia ls, a more plastic A-6 or A-7; and the C-horizons, A-4 or 
A-6 depending on the specific parent material encountered. 

The average plas ticity index for the A-horizon malttt•lals no,•nuilly ranges from 10 
to 30; the materials of the B-horizon normally display a plasticity index ranging from 
15 to 35; the plasticity index displayed by the C- horizon materials depends on the speci­
fic parent material but normally ranges from 10 to 30. The clay content (<0.002 mm) 
for the A-, B-, and C-horizons normally ranges from 16 to 25, 30 to 45, and 10 to 25 
percent respectively (except that A-horizon of Drummer ranges from 30 to 40). 

Stabilization Recommendations and Rating System 

After collecting and summarizing the cfa.ta givP.n in Table 2, it was possible to apply 
the stabilization guidelines and criteria to the individual soils and determine stabiliza­
tion rec ommendations for the major soil series of this soil association. These recom­
mendation.s l'l,rf' given in Table 3. Recommendations are presented concerning the feasi­
bility of using cement, lime, bitumen, lime-fly ash, and combination stabilizing agents 
for stabilization (to either expedite construction, modify the subgrade, or substantially 

TABLE 3 

STABILIZAl'ION UECOMMBNDAT10N8 
roR MAJOR SOILS OF son. ASliOCIATION n 

Stal>Jlt:z.ation ObJecOves and Rt$COn1mcnded St1.1bilil.crsa 

Number ~uid Name vt Horizoo Coustruction Suhgrade ModiUca.tionl, 
Major !iuil 6ecle• E:<podlonJ.U 

C L D F COMB C 

A 2 3 3 ~ 

171 Catlin B 2 J 3 2 
C 2 I 3 3 I 

A i I 3 3 2 
~G Dana Il 2 I 3 3 2 

C 2 J. 3 3 I 

f>_ 3 3 ~ 2 
1fi2 nrummer B 3 3 3 2 

C l s 3 3 

A 2 l s 2 
164 Flanagan B ?. I 3 a 

C 
,., 

I 3 3 I 

A 2 ~ a 3 2 
•81 Raub B 2 3 3 s 2 

C 2 3 3 3 I 

A 2 
65 Sidttll B 2 

C 2 

ast••lw:r witability r-,d,.,J •'11M!! l = wh.,t;to .. 2 =- Q1JC1tion_,.s_ ..nc:t 3 - not !,!Ut.lbl~ 
he-~. L"' lime. 8 • brtuffB"I. f - lune•ltv MIi, .and COMB• COITOOiilt,om. 

L B F COMll 

2 3 3 
3 3 3 
3 3 3 

2 3 3 
3 3 3 
3 3 3 

3 3 3 
s 3 3 
3 3 ~ 

2 3 3 
3 3 3 
3 3 3 

2 3 3 
3 3 3 
3 3 s 
2 3 
3 3 
3 3 

8tr~n~U• nnd D1Jnbility 
lmpr oven:u•ntb 

C I, D f' cmrn 

2 3 ~ ~ 

I 2 3 
_, 

I I 2 _c 

2 3 3 3 3 
I 2 3 3 _ c 

l 1 2 2 _ c 

2 3 3 3 
3 3 _l: 

2 2 _c 

2 3 3 3 J 
I 2 3 3 C 

I 1 2 2 -• 
2 9 J 3 ~ 

I 2 3 3 ' I I 2 2 _ c 

2 3 3 3 3 
I 2 3 3 _ c 

I 1 2 2 _c 

cC01'1'1tH113tJQn ,tlffiiUz•1i1.m (li(~-,,2t1i.>ttl ~,. ru)(-IJIT1J1T.en or bOthl m~·, be a suit~!: ~hod of b,,,eh,•...,ticin ~ thu r.:,i;uffll'nt'f\Cbrion is: 
lw~cd on a viP.ry lirniLviJ amount of lubOroillOr'Y ri,~ults and the r1,riP.ctii.-1:1 li«ilrilh.1re s1,rvP.','5-
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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 1-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
riodic 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 in subgrade modification applications with the finer 
textured A-6 and A-7 materials of the B- and C-horizons. However, must data indicate 
that lime is 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-6 C-horizon materials, that cement also has been given a 1-rating. 

Cement can be used to obtain increased strength and durability with fine-grained A-6 
and A-7 materials and, thus, a 1-rating has been assigned to lhese 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 
materials (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 soils 
may display slight-to-moderate strength increases on treatment with lime, and, under 
certain service conditions, the lower strength lime-treated soils may be satisfactory. 
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 procedures (lime-cement and lime-bitumen). A footnote reference is 
placed in Table 3 where it was felt that this procedure might be used. A 1-rating was 
not assigned because the rating is based on very limited data and a brief literature 
survey. 

SUMMARY AND CONCLUSIONS 

Stabilization recommendations for the major soils and materials occurring in Illinois 
have been developed (9). The general procedures and concepts used in the development 
of the stabilization rec ommendations 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 soil 
series into groups with similar characteristics and to facilitate presentation of pertinent 
data and feasibility recommendations. 

Extensive soil data necessary to properly apply the stabilizaUon 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 Illinois 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 soils 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 construction applica­
tions. However, additional factors must be considered in order to obtain quality stabi­
lized materials meeting job requirements. Appropriate mixture design procedures must 
be 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 quality product is obtained in the field. 

It has been demonstrated that, by using the extensive soil information that is 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 
concepts demonstrated in this paper can be used to develop stabilization recommenda­
tions for areas of other sizes such as residential areas, cities, counties, and regions. 
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