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INTRODUCTION 

Various fonns of lime have been successfully utilized 
as a soil stabilizing agent for many years including 
products with varying degrees of purity, However, 
the most commonly used products are hydrated high 
calcium lime Ca(OH)i, monohydrated dolomitic lime 
Ca(OH)2•MgO, calcitic quicklime CaO, and dolomitic 
quicklime CaO•MgO, The use of quicklime for soil 
stabilization has increased during the past few years; 
in the United States it now accounts for more than 
10 percent of the total stabilization lime while in 
Europe quicklime is the major type used. 

Many significant engineering properties of 
soils are beneficially modified by lime treatment. 
Although lime is primarily utilized to treat fine
grained soils, it also can be used to modify the 
characteristics of the fine fraction of more granular 
soils. 

There are several objectives for lime treat
ment of soils such as to expedite construction, moui- · 
fy subgrade soils, and improve strength and durabil
ity of fine-grained soils. 

Lime-treated soils have been used in pave
ment construction as modified subgrades, subbase 
materials, and base materials. The position of the 
lime-treated soil layer in the pavement system is 
controlled by the quality of the lime-treated soil 
and other pavement design considerations. Railroad 
subgrades have also been successfully stabilized 
with lime. 

In this report, the major aspects of soil
lime treatment are considered. The report represents 
the state-of-the-art in lime treatment based on a 
comprehensive analysis of current practice and the 
technical literature. For those desiring more de
tailed information, an extensive listing of refer
ences has been included. 

This report was prepared by Transportation 
Research Board Committee A2JD3, Lime and Lime-Fly Ash 
Stabilization. Various Task Groups prepared the 
different sections of the report. The final version 

~ of the report was reviewed by Committee A2JD3 prior 
to publication, 

SOIL-LIME REACTIONS 

General 

The addition of lime to a fine-grained soil initiates 
several reactions. Cation exchange and flocculation
agglomeration reactions take place rapidly and pro
duce immediate changes in soil plasticity, workabil- ' 
ity, and the immediate uncured strength and load
deformation properties. Depending on the character
istics of the soil being stabilized, a soil-lime 
pozzolanic reaction may occur. The pozzolanic re
action results in the formation of various cementing 
agents which increase mixture strength and durabil
ity. Pozzolanic reactions are time dependent; 
therefore, strength development is gradual but con
tinuous for long periods of time amounting to sever
al years in some instances. Temperature also af
fects the pozzolanic reaction_ Temperatures less 
than 13 to 16? C (55 to 60° F) retard the reaction 
and higher temperatures accelerate the reaction 
(Ref4)_ 

Lime carbonation is an undesirable reaction 
which may also occur in soil-lime. Construction 
should be carried out in such a fashion that lime
carbonation is minimized. 

Cation Exchange and Flocculation-Agglomeration 

Practically all fine-grained soils display cation 
exchange and flocculation-agglomeration reactions 
when treated with lime. The reactions occur quite 
rapidly when soil and lime are intimately mixed. 

The general order of replaceability of the 
common cations associated with soils is given by the 
lyotropic series, Na+ <K+ <Ca++ <Mg++ (Ref SO). 
Cations tend to replace cations to the left in the 
series and monovalent cations are usually replace
able by multivalent cations. The addition of lime 
to a soil in sufficient quantities supplies an ex
cess of ca++ and cation exchange will occur, with 
ca++ replacing dissimilar cations from the exchange 
complex of the soil. In some cases the exchange 
complex may be ca++ saturated before the lime addi
tion and cation exchange does not take place, or is 
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minimized. 
Flocculation and agglomeration produce an 

apparent change in texture with the clay particles 
"clumping" together into larger sized "aggregates". 
According to Herzog and Mitchell (Ref 55) the floc
culation and agglomeration is caused by the increased 
electrolyte content of the pore water and as a result 
of ion ex·change by the clay to the calcium form. 
Diamond and Kinter (Ref 39) suggested that the rapid 
formation of calcium aluminate hydrate cementing 
materials are significant in the development of floc
culation-agglomeration tendencies in soil-lime 
mixtures. 

Soil-Lime Pozzolanic Reaction 

The reactions between lime, water, and various 
sources of soil silica and alumina to form cementing 
type materials are referred to as soil-lime pozzo
lanic reactions. Possible sources of silica and 
alumina in typical soils include clay minerals, 
quartz, feldspars, micas and other similar silicate 
or alumina-silicate minerals, either crystalline or 
amorphous in nature. 

When a significant quantity of lime is added 
to a soil, the pH of the soil-lime mixture is ele
vated to approximately 12 . 4, the pH of saturated 
lime water. This is a substantial pH increase com
pared to the pH of natural soils. The solubilities 
of silica and alumina are greatly increased at ele
vated pH levels (Ref 60). 

Tn ~n 1>;:i-rl y ~t11rly nf ~ni 1- 1 im<> -r<>Rr-ti nn~, 

Eades (Ref 43) suggested that che high pH causes 8il
ica to be dissolved out of the structure of the clay 
minerals, thereby becoming available to combine with 
the ca++ to form calcium silicates and that this reac
tion will continue as long as Ca(OH)2 exists in the 
soil and there is available silica. Diamond et al 
(Ref 41) postulated that the reaction processes in 
the highly alkaline soil-lime system involved a dis
solution at the edges of the silicate particles fol 
lowed by the precipitation of the reaction product5. 

Although the work of Eades (Ref 43) and Di
amond et al (Ref 41) generally suggest a "through-
so lution" mechanism in which clay lattice compon
ents are "dissolved" from the clay structure and 
reprecipitated as CSH and CAH, direct reaction of the 
lime at the surface of clay mineral particles has not 
been ruled out. Recent work in the adsorption of 
lime by kaolinite and montmorillonite (Ref 40) as 
well as electron optical work on clay-lime-water sys
tems (Ref 85) tends to support the idea that surface 
chemical reactions can occur and new phases may nu
cleate directly upon the surfaces of the clay par
ticles. It is also possible that the reactions may 
occur by a combination of through-solution (solution
proeipitation) and surface chemical (hydration-crys
tallization) processes. 

An oversimplified qualitative view of some 
typical soil-lime reactions is summarized below: 

Ca(OH)2 -------------->ca+++ 2(0H) 

Ca+++ 2(0H)- + Si02 (Clay Silica)-------> CSH 

ca+++ 2 (OH)-+ Al203 (Clay Alumina) ----> CAH 

A wide variety of hydrate forms can be ob
tained, depending on reaction conditions, e.g., quan
tity and type of lime, soil characteristics, curing 
time, and temperature. Typical soil-lime reactions 
are: 

Kaolinite+ lime---> CSH (C/S 
+ CAH + CASH 

o. 2-1) 
(Ref 80) 

Kaolinite+ lime---> CASH (prehnite) (Ref 93) 

Montmorillonite +lime---> CSH (gel) ---> 
CSH (II) .(Ref 91) 

Montmorillonite +lime---> CSH (gel) + hydro-
garnet C4AH13 (Ref 112) 

Montmorillonite +lime---? CSH (gel) + CSH (1) + 
tobermorite + hydrogarnet 

Clay+ lime---> CHS (gel) and/or CSH (1) + C4AH13 + 
C3AHG (Ref 41) 

where 

c cao , 
S SiOi , 
A Al203,, and 
H H20 

The extent to which the soil-lime pozzolanic reaction 
proceeds is influenced primarily by natural soil 
properties. W.i th some soils, the pozzolanic reaction 
is inhibited, and cementing agents are not exten
sively formed. Thompson (Ref 101) has termed those 
soils that react with lime to produce substantial 
strength increase, i.e., greater than 34.5 N/cm2 
(50 psi) following 28 day curlng al 22. 8° C (73° F), 
as reactive and those that display limited pozzo
lRnic-. -r<>Rdivity, l<>ss th ,m H ~4.S N/e1112 (SO psi) 

strength increase, are called nonreactive. 
Some of the major soil properties and char

acteristics which influence the lime-reactivity of a 
soil, i.e., ability of the soil to react with lime 
to produce cementitious materials, are soil pH, or
ganic carbon content, natural drainage, presence of 
excessive quantities of exchangeable sodium, clay 
mineralogy, degree of weathering, presence of carbon
ates, extractable iron, silica-sesquioxide ratio, 
wid silica-alumina ratio. Dotailod zummaries con · 
cerning the effects of soil properties on lime reac
tivity are contained in Refs 53, 54, and 101. It is 
emphasized that the main factors controlling the de
velopment of cementitious materials in a lime treated 
soil are the inherent properties and characteristics 
of the soil. If a soil is nonreactive, extensive 
pozzolanic strength development will not be achieved 
regardless of lime type, lime percentage, or curing 
conditions of time and temperature. 

Those desiring more extensive and detailed 
background information on basic soil-lime reactions 
should refer to the "Interpretive Review" by 
Diamond and Kinter (Ref 39) and a recent comprehens
ive publication by Stocker (Ref 95). 

Summary 

Soil--lime reactions are complex and not completely 
understood at this time. However, sufficient basic 
understanding and successful field experience are 
availflhlP. t.n prnvlclP. the hflsis of an adeq11ate tech
nology for successfully utilizing soil--li.Jl\e stabili
zation under a wide variety of conditions. Future 
research findings will further augment our technol
ogy and permit more refined engineering decisions to 
be made concerning lime treatment of soils. 

PROPERTIES AND CHARACTERISTICS OF LIME-TREATED SOILS 

In general, when mixed with lime all fine-grained soils 
exhibit improved plasticity, workability and volume 
change characteristics; however, not all soils exhibit 
improved strength, stress-strain, and fatigue character
istics. It should be emphasized that the properties of 



lime-soil mixtures are dependent on many variables 
(Refs 100 and 101), Soil type, lime type, lime per
centage, and curing conditions including time, tempera
ture, and moisture are the most important variables. 
More important, however, the effect produced by any 
given change in a given variable is dependent on the 
levels of the other variables. 

At present only limited information is avail
able concerning some of the properties of lime
treated soils. Nevertheless, in order to effect
ively utilize these treated soils as a structural 
material, it is necessary to evaluate and summarize 
the existing knowledge concerning the properties 
of soil-lime mixtures. 

Compaction Characteristics 

The compaction characteristics, i.e., maximum den
sity and optimum moisture, are important for two 
basic reasons. First of all, an adequate level of 
compaction must be obtained in order to achieve 
satisfactory results. Secondly, and possibly more 
important, is the fact that density is used for 
field control. 

When compacted with a given effort, soil-lime 
mixtures have a lower maximum density than the original 
untreated soil and the maximum density normally con
tinues to decrease as the lime content is increased. 

In addition, the optimum moisture content 
increases with increasing lime contents (Fig. 1). 
Similarly, if the mixture is allowed to cure such 
that substantial cementing occurs the density would 
be further decreased and the optimum moisture in
creased. 

Thus, moisture-density relationships are 
constantly changing, and it is important that the 
proper curve be utilized in field construction. 
Thus, if curing has occurred, it may be impossible 
to achieve density; however, it is important to 
realize that it is not necessary to achieve that 
density because the reduction is not due to poor 
compaction but rather to the fact that the material 
is different. 

Plasticity and Workability 

Substantial reduction in plasticity, i.e., reduced 
plasticity index PI, increased shrinkage limit, is 
produced by lime treatment, and in many cases the 
soil may become nonplastic. Generally, soils with 
a high clay content or exhibiting a high initial PI 
require greater quantities of lime for achieving the 
nonplastic condition, if it can be achieved at all. 
The first increments of lime addition are generally 
most effective in reducing plasticity, with subse
quent additions being less beneficial (Ref 100). 
The reduced plasticity of the lime-treated soil and 
its silty and friable texture cause a significant 
improvement in workability and expedite subsequent 
manipulation and working of the treated soil. Fig
ure 2 and Table 1 illustrate the manner in which 
lime influences the plasticity characteristics. 

Volume Change 

Swelling potential and swelling pressures normally 
are significantly reduced by treating clay with 
lime. These reduced swell characteristics are gen
erally attributed to decreased affinity for water of 
the calcium saturated clay and th·e formation of a 
cementitious matrix which resists volumetric expan
sion. CBR-swell values of lime treated soils vary, 
but it is not uncommon to decrease swell to less 
than 0.1 percent compared to values of 7 to 8 per
cent for the untreated soil (Table 2). Typical ex
pansive pressures (Ref 49) are shown in Fig 3. 
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Shrinkage due to moisture loss from the sta
bilized soil is of importance relative to the problem 
of shrinkage cracking. Lime treatment improves the 
shrinkage and swell characteristics of the treated 
materials. Figure 4 contains data (Ref 37) for typ
ical Illinois soils. 

Field moisture contents of lime treated soils 
suggest that the moisture content changes in the sta
bilized material are not large and the in-situ water 
content stabilizes at approximately optimum (Ref 106). 
Theoretical calculations based on laboratory shrink
age data as well as field service data from many areas 
indicate that for typical field conditions shrinkage 
will not be extensive (Ref 106). 

Strength 

The strength of lime-soil mixtures can be evaluated 
in many ways. The unconfined compression test is 
the most popular procedure while the stabilometer 
and CBR tests are used to a lesser extent. These 
methods, however, are definitely not the most appli
cable or desirable. Only limited data are available 
concerning the tensile properties of lime-soil mix
tures (Refs 78, 82, 105, and 109), and additional 
effort is needed to evaluate the tensile character
istics of lime-treated materials. 

It should be emphasized that the strength of 
a soil-lime mixture is dependent on many variables 
and that it varies substantially (Refs 100 and 101). 
Soil type, lime type, lime percentage, curing con
ditions of time and temperature, and the interac
tions between these variables are the major factors 
influencing strength (Refs 78, 82, and 109). 

A distinction must be made with respect to 
curing. An immediate beneficial strength effect oc
curs with the addition of lime due to the immediate 
reactions, i.e., cation exchange, flocculation, and 
agglomeration. The long-term strength gain is pri
marily related to the pozzolanic reaction. Thus, it 
is necessary to separate the discussion into cured 
and uncured strength. 

Uncured Strength 

Immediately after the addition of lime a substantial 
improvement in strength and stability can be ex
pected (Refs 84 and 110). These immediate effects 
can be considered to be an expedient for construc
tion when soft, highly plastic, cohesive soils cre
ate mobility problems for wheeled vehicles (Fig 5) 
or do not provide satisfactory subgrade support for 
pavement construction operations. 

Examples of the immediate effect of lime 
treatment on cone index, CBR, and unconfined com
pressive strength are shown in Fig 6. From this 
figure it is apparent that substantial improvements 
in strength can be realized. In some cases these 
increases may amount to several hundred percent. 

Cured Strength 

Unconfined Compression. Unconfined compres
sive strengths of typical fine-grained soils compacted 
at optimum moisture content and density (ASTM D2166) 
range from about 17 N/cm2 (25 psi) to more than 207 
N/cm2 (300 psi) depending on the nature of the soil. 
Soil-lime mixture strength increases for Illinois soils 
cured 28 days at 22.8° C (73° F) range up to approxi
mately 183 N/cm2 (265 psi) with many soils displaying 
increases greater than 70 N/cm2 (100 psi), Extended 
curing of 56 days at 22. 8° C (73° 'F) of the same 
mixtures produced strength increases for some soil
lime combinations that exceeded 430 N/cm2 (625 psi). 
Prolonged curing for 75 days at 48.9° C (120° F) of 
the AASHTO Road Test embankment soil treated with 
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Figure 1. Typical moisture-density relationships (Ref 84). 
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Table 1. Influence of lime on plasticity properties (Ref 100). 

Liquid Limit (LL) or Plasticity 
Index (PI), % 

Percent Lime 

0 

Soil AASHO Class LL PI LL PI LL 

Bryce B A-7-6(18) 53 29 48 21 NP 

Cisne B A-7-6(20) 59 39 NP 

Cowden B A-7-6(19) 54 33 47 NP 

Drummer B A-7-6(19) 54 31 44 10 NP 

Elliott B A-7-6(18) SJ 28 42 19 NP 

Fayette B A-7-5(17) 50 29 NP 

Hosmer B
2 

A-7-6(11) 41 17 NP 

AAS\10 Road Test A-6(18) 25 11 27 27 

Huey B A-7-6(17) 46 29 40 NP 

Sable B A-7-6(16) 51 24 NP 

NP c: Nonplastic 

PI 

Figure 2. Effect of lime on plasticity characteristics of 
montmorillonite clays (Ref 56). 
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Figure 3. Swell pressure-density relations for lime
treat11d Port11rville clay (Raf 49). 
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Figure 4, Influence of plasticity index of natural soil on first cycle 
shrinkage (Ref 37). 
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Figure 5b. Comparison of ruts in 
untreated and lime-treated subgrade. 
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Figure 5a. Partially completed stabilized subgrade resists 
rutting during rain-Dallas-Fort Worth Airport. 

Figure 6. Immediate effects of lime treatment on 
strength (Ref 84). 
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5 percent lime produced an average compressive 
strength of 1090 N/cm2 (1580 psi). Field data indi
cate that with some soil-lime mixtures, strength con
tinues to increase with time up to and in excess of 
ten years. Typical results for various densities are 
shown in Fig 7. 

The difference between the compressive 
strengths of the natural and lime-treated soil has 
been used as an indication of the degree to which 
the soil-lime pozzolanic reaction has proceeded 
(Ref 101). Substantial strength increase indicates 
that the soil is reactive with lime and can probably 
be stabilized to produce a quality paving material. 

Shear St1:ength . Unconsolidated and undrained 
type triaxial testing have been utilized to partially 
simulate field service conditions. 

The major effect of lime on the shear 
strength of a reactive fine-grained soil is to pro
duce a substantial increase in cohesion with some 
minor increase in the angle of internal friction. At 
the low confining pressures normally considered to 
exist in a flexible pavement structure, the'cohesion 
increase is of the greatest significance. For ma
terials such as soil-lime mixtures which are char
acterized by very high cohesion, it is difficult to 
effectively evaluate the angle of internal friction. 

For the typical lime reactive Illinois soils, 
the angle of internal friction for soil-lime mixtures 
ranged from 25° to 35° (Ref. 103). The cohesion of 
the mixtures was substantially increased compared to 
the natural soils and cohesion continued to increase 
with incroaood unconfined comprcooivc • trcngth, U• 
ing the linear regression equation shown in Fig. 8, 
cohesion values can be estimated from unconfined com
pressive strength results, 

It is apparent that large shear strengths can 
easily be developed in cured soil-lime mixtures. It 
has been demonstrated that if high quality mixtures are 
used in typical flexible pavement structures, the 
strengths would be adequate to prevent shear failure 
(Ref. 103). Shear-type failures generally have not 
been observed and reported for field service condicions. 

Tensile ~trength . Tensile strength proper
ties of soil-lime mixtures are of concern in pave
ment design because of the slab action that is af
forded by a material possessing substantial tensile 
strength. Two test procedures, indirect tensile and 
flexural, have been used for evaluating the tensile 
strength of soil-lime mixtures. 

The indirect tensile test is essentially 
a diametral compression test in which the material 
fails in tension along the loaded diameter of the 
cylindrical test specimen. Details and an evalua
tion of the test procedure for soil-lime mixtures 
are presented in Refs 2, 78, 82, 105, and 109. 

Typh.al result~ (Fig 9) imli1.:aLe LhaL Lhe 
mixtures can possess substantial tensile strength. 
The ratio of indirect tensile strength to unconfined 
compressive strength in one study (Ref 105) was 
found to be approximately 0.13, while in another 
study (Ref 109) it was found to be much lower as in
dicated by the following regression equation: 

ST= 6.89 + 50.6 qu 

where 

ST tensile strength, psi 

qu unconfined compressive strength, ksi 

The most common method used for evaluating 
the tensile strength of highway materials has been 
the flexural test. Typical flexural strengths of 

soil-lime mixtures (Ref 96) subjected to various 
curing conditions are shown in Table 3. Indirect 
tensile strengths are shown for comparison purposes. 
For a specific mixture, the ratio of the flexural 
strength to indirect tensile strength decreases as 
strength increases and the ratio is apparently not 
the same for all soil-lime mixtures. 

If the ratio of flexural strength to indirect 
tensile strength is taken as approximately 2, a re
alistic estimate of flexural strength is 25 percent 
of the unconfined strength. The ratio is approx
imately equivalent to those reported for lime-flyash
aggregate and soil-cement mixtures. 

California Bea1:ing Ratio. The CBK testing 
procedures have been extensively used to evaluate the 
strength of lime stabilized soils. Many agencies 
have arbitrarily adopted this technique because of 
their familiarity with the test. In reality, however, 
the CBR test is not appropriate for characterizing the 
strength of cured soil-lime mixtures. 

Extensive CBR tests have been conducted 
(Ref 99) with various representative Illinois soils 
including soils that reacted well with lime and also 
less reactive fine-grained soils. 

Lime-treated soils were cured for 48 hours at 
48.9° C (120° F) and companion specimens which had not 
been cured were placed in the 96-hour soaking cycle 
immediately after compaction. The 48-hour curing 
period is approximately equivalent to 30 days at 
21.1° C (70° F) and the mixtures that were not cured 
prior to soaking had little opportunity to develop 
cementitiouo producto from the soil lime pozzolanic 
reaction. The improvements in engineering properties 
of the no-cure soil-lime mixtures were therefore pri
marily due to the cation exchange, flocculation, and 
agglomeration produced by the addition of lime. Test 
results for the natural soils and the soil-lime mix
tures are presented in Table 2, The CBR increases 
of the no-cure soil-lime mixtures show the benefits 
that can be obtained from stabilization without pro
longed curing. It is apparent that the no-cure 
spel:.imem; have 11uL <levelupe<l exLe11si ve l:emeuL.iug 
action, 

The CBR values for many of the soil-lime 
mixtures cured for 48 hours at 48,9° C (120° F) are 
quite large and definitely indicate the extensive 
development of cementing agents. For those mixtures 
that display CBR values of 100 or more, the test re
sults have little practical significance and are not 
meaningful as a measure of strength or stability, 
In general, these materials would also exhibit high 
compressive and tensile strengths, 'and these types 
of tests would provide a better strength evaluation, 
If extensive cementing action has not developed due 
to either lack of curing time or non-reactivity of 
the treated soil, CBR values may serve as a general 
measure of strength; but even in these cases the use 
of the CBR test is questionable, 

It is evident that lime treatment of fine
grained soils produces increased CBR irrespective of 
the length of curing and lime-reactivity of the soil. 

Stress-Strain Characteristics 

Stress-strain properties are essential for properly 
analyzing the behavioral characteristics of a pave
ment structure containing a soil-lime mixture struc
tural layer. The marked effect of lime on the com
pressive stress-strain properties of fine-grained 
soils is shown in Fig 10, The failure stress is 
increased, and the ultimate strain is decreased for 
soil-lime mixtures relative to the natural soil. As 
with strength it is necessary to separate the dis
cussion with regard to whether the soil-lime has 
been cured or not since immediate beneficial effects 



Figure 7. Influence of density on the 
strength of cured soil-lime mixtures (Ref 99). 

600 

500 

;. 400 
C . 
.;; 

~ 300 

E 
0 
u 

200 

400 

115 

9Z 

Champaign County Till 

3%. Lime 

Mo1imum dry dtnsi ly 

Curin9- 48 hourt 01 41&.9•C (IZO•F) 

All miatures compocled at ASTM 
0698-64T optimum water content 

117 119 121 
Ory Dtnsit~ , pcf 

94 

I pcf = 16 02 kQ /cm3 

I psi =06895 N /cm 2 

96 98 
Ory Density, pcf 

IZ3 

100 

Table 2. CBR values for selected soils and soil-lime mixtures (Ref 99). 

Soi l •LI .. KlUYU• 

1 '-8 Ho11r• O;&dn1, 
Natural Soil "°' Ct,idn1 .t.a ,9• c cuo• r> 

CBR, Svllll, Percent C!R. S.vdl, 011,, Sval1, 
Soil • • Lime 7. % • • 

Good Reacting S011111 

Accretion Gley 2 2.6 2.1 15.1 0.1 351.0 0,0 

Accretion Chy 3 3. 1 l.4 88.1 0 . 0 370.0 0.1 

llryce B 1.4 5.6 20.3 0.2 197 .0 o.o 
Champaign Co, Till 6.8 0.2 10.4 0.5 85.0 0.1 

Chne. B 2.1 0 .1 14.5 0.1 150.0 0 , I 

Cowden B ,., 1.4 98.5 0,0 

Cowden B 4 .o 2.9 l] , 9 0 , 1 116.0 0.1 

Co,,iden C ,., 0.8 27 .4 0.0 243.0 o.o 
Dani.n B I.I 8,8 7 .7 1.9 13.6 0.1 

Eaat St. Lou h Clay I.) 7.4 5.6 2 .o 17.3 0 . 1 

Fayette C 1.3 0,0 32 .4 o.o 295.0 0, l 

Illinoian B 1.5 1.8 29.0 0,0 274.0 0.0 

11 linoian Ti 11 ll.8 0.) 24.2 0 . 1 193.0 o.o 
Illinoian Till 5.9 0 , 3 18 .0 0.9 2 13 ,0 0.1 

Sable B 1.8 4.2 15.9 0.2 127.0 o.o 

Non-Reactive Soih 

Fayette B 4 , ) I.I 10.S o.o 39 . 0 o.o 
Miami B 2 . 9 0.8 12 . 7 o.o 14,5 0.0 

Tama B 2 . 6 2 .o 4.5 0.2 ... 0 . 1 

1
s pecimens were place d in 96-hour 901.'lt i11111ediataly after cornpaction. 

Figure 8. Cohesion vs unconfined compressive strength of 
soil-lime mixtures (Ref 103). 
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cured soil-lime mixture (Ref 105). 
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occur which relate to improved workability and con
struction. 

Uncured Soil-Lime 

Figure 11 shows typical improved stress-strain char
acteristics which occur without curing and indicates 
the general nature of the modification attained from 
lime treatment. 

As indicated in Fig 11, substantial increases 
in modulus of deformation can be expected. Figure 
12 illustrates typical stress-strain relationships 
for soil and soil-lime which were compacted on the 
wet side of optimum to simulate a wet field condi
tion during construction. 

Cured Soil-Lime 

As a result of an extensive study of representative 
Illinois soils stabilized with lime (Ref 103), it 
was possible to develop a generalized compressive 
stress-strain relation for cured soil-lime mixtures 
(Fig 13). The mixtures studied appeared to be strain 
susceptible, and the ultimate strain at maximum com
pressive stress was approximately 1 percent, regard
less of the soil type or curing period. 

Modulus of Deformation or Elasticity. It was 
found (Re£ 103J that the canpress i ve modulus of elas
ticity at a confining pressure of 1.05 kg/cm2 (15 psi) 
could be estimated from the unconfined compressive 
strength of the lime-soil mixture according to the 
following relation: 

where 

E = 9.98 + .124 qu 

E = compressive modulus of elasticity, ksi 
qu = unconfined compressive strength, psi 

For s oi l- l ime pavement layer s possessing hi gh 
shFrnr strFmgth, thP. f1P.x11rRl ~trP.55e5 in thP. mixtl.irP. 
may be the controlling design factor. In view of 
this fact, flexural moduli of el asticity have been 
evaluated for typical cured soil-lime (Ref 103). 

Typical Illinois soils were stabilized with 
lime, and beams with dimensions of 5.08 cm x 5.08 cm 
x 22.86 cm (2 in. x 2 in. x 9 in.) were prepared and 
cured for 48 and 96 hours at 48.9° C (120° F). 
After curing, strain gauges were attached to the mid
oortion of the beams and the beams were tested under 
third-point loading conditions. 

The modulus of elasticity in flexure was 
calculated from the moment-curvature relationships 
for t he be ams, and the r e lationship between the mod
ulus of elasticity and the flexural strength was 
calculated (Fig 14). For the range of data consider
ed, it was concluded that the regression equation 
·shown in Fig 14 can be used to estimate the flexural 
modulus of elasticity. It should be noted that flex
ural moduli were substantially larger than compres
sive moduli for the same mixture. 

Repeated compressive loadini data for soil
lime mixtures are limited. Fossberg (Ref 45), util
i zing a mont morillonitic clay treat ed with 10 per
cent lime, studied the influence of deviator stress 
and confining pressure on resilient modulus. The 
specimens were prepared at extremely high water con
tents and low densities. Consequently the data are 
not directly comparable with field conditions. The 
general relation between resilient modulus and prin
cipal stress ratio appeared to be linear and resil
ient moduli in excess of 69,000 N/cm2 (100,000 psi) 
were noted for some test conditions, even under the 
rather unfavorable testing conditions involving high 

water content and low density. 
Maxwell and Joseph (Ref 67) used a field vi

bratory testing procedure for evaluating the strength 
of an airfield pavement section containing a 15.2-
centimeter (6-inch) lime-stabilized subgrade and an 
20.3-centimeter (8-inch) lime-stabilized clay-gravel 
subbase. Based on periodic field-velocity measure
ments, computed elastic moduli for the stabilized 
subgrade ranged from 114,000 N/cm2 (1'65,000 osi) 
fo l lowing construction to 392,000 N/cm2 (568,000 psi) 
approximately 2½ years after construction. Similar 
data for the lime-treated subbase were 135,000 
N/cm2 (196,000 psi) after construction and 696,000 
N/cm2 (1,010,000 psi) 2½ year s later. 

Poisson's Ratio. Only limited data are 
available for lime-soil mixtures. Reported values 
at stress levels less than 25 percent of ultimate 
compressive strength ranged from 0.08 to 0.12 with 
an average of 0.11 (Ref 99). These values are in 
agreement with those previously reported for rock, 
lime-flyash-aggregate mixtures, and soil-cement. At 
higher stress levels, greater than 50 to 75 percent 
of ultimate compressive strength, Poisson's ratio 
increased, ranging from 0.27 to 0.37 with an average 
of 0.31. A similar type of behavior has been noted 
for lime-f lyash~aggregate mixtures. The influence 
of stress level, expressed as a percent of ultimate 
compressive strength, on Poisson's ratio for soil
lime mixtures is shown in Fig 15. 

General . Since the properties of a soil
lime mixture chanie with increased curini time, it 

1111:1.y not be ju:5tified t o conduct elaborate tests to 
precisely evaluate properties that will change due 
to field curing effects. It may be more desirable 
to use unconfined compressive strength or the indi
rect tensile test for evaluating the quality of the 
mixtures. Use of correlations in place of testing 
is discouraged since these correlations depend on 
the conditions for which they were developed and 
can produce large errors . Corre lation,, Should be 
used only when there is no other alternat,ive or the 
desired property cannot be measured and then only 
with caution. 

Fatigue Characteristics 

The flexural strength of soil-lime mixtures is im
portant to its use in subbase and base courses. 
Flexural fatigue data developed for typical Illinois 
soils are shown in Fig 16. 

The response curves are typical of fatigue 
in general and are similar to the curves normally 
obtained for similar materials such as lime- flyash 
aggregate mixtures and concrete. The fatigue 
strengths at 5 million stress repetitions of the 
lime-soil mixtures varied from 41 to 66 percent of 
the ultimate flexural strength with an average of 
54 percent. 

More important is the behavior of lime
treated mixtures when subjected to repeated applica
tions of tensile stresses such as in the indirect 
tensile test or the direct tensile test. Prelimin
ary fatigue experiment s us ing the indirect tensi le 
test indicated that this test is quite applicable 
to the study of lime-treated materials (Ref 81). 

Soil-lime mixtures continue to gain strength 
with time and the ultimate strength of the mixture 
is a function of curing period and temperature. The 
magnitudes of the stress repetitions applied to the 
mixture are relatively constant throughout its design 
life. Therefore, as the ultimate strength of the 
material increases due to curing, the stress level, 
as a percent of ultimate strength, will decrease and 



Table 3. Tensile strength properties of soil-lime mixtures (Ref 99). 

Percent Curing Time 1 

Flexural Strength OF, 
2 

Soil Lime Hours* N/cm (psl) 

Bryce B 24 63 (92) 

48 72 (105) 

96 84 (122) 

Champaign County 
Tlll 48 48 (69) 

96 64 (93) 

Fayette C 24 45 (66) 

96 114 (166) 

I llinoian Til 1, 
Sangamon County 24 59 (86) 

48 113 (164) 

96 139 (202) 

Sable B 3 48 43 (63) 

96 53 (77) 

Wis cons in Loam 
Tlll 24 57 (83) 

48 97 (140) 

96 108 (157) 

* At 48,9° C (120° F) , 
**Test not conducted . 

Figure 11. Immediate effects of lime treatment on modulus of 
deformation (Ref 84). 
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immediate effects of lime treatment (Ref 84). 
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Figure 13. Generalized stress-strain relationship 
for cured soil-lime mixtures (Ref 103). 

120 

: 100 ------------
! 
ui 

:; 
0 ·; 
• 0 

e 
~ 

·! 
" :IE 

80 
_ _ _ 7.!_ __ 

60 

40 

Strain , percent 

Figure 15. Influence of stress level on 
Poisson's ratio (Ref 99). 

Figure 16. Flexural fatigue response 
curves (Ref 96). 
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Figure 14. Relationship between flexural strength and 
flexural modulus for soil-lime mixtures (Ref 99). 
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the fatigue life of the mixture will increase. 

Durability 

The major durability consideration for soil-lime 
mixtures is the resistance to cyclic freezing and 
thawing. Prolonged exposure to water produces only 
slight detrimental effects and the ratio of soaked 
to unsoaked compressive strength is high at approx
imately 0.7 to 0.85 (Ref 106). Figure 17 shows the 
general relation between soaked and unsoaked 
strengths for typical lime stabilized Illinois soils. 
The soaked specimens seldom achieved 100 percent sat
uration, and in most cases the degree of saturation 
was in the range of 90 to 95 percent. Similar re
sponse to soaking has been noted in extensive stud
ies conducted by the Road Research Laboratory, 
England (Ref 42). 

In zones where freezing temperatures occur, 
rreeze-thaw damage may occur. The damage is gener
ally characterized by volume increase arid strength 
reduction as shown in Figs 18 and 19. The inter
relation between length changes and compressive 
strength decreases is presented in Fig 20. The val
idity of using initial unconfined compressive 
strength as a measure of freeze-thaw resistance is 
demonstrated in Fig 21. Average rates of strength 
decrease for the typical mixtures were 6.21 N/cm 2 / 

cycle (9 psi/cycle) and 12.4 N/cm2 /cycle (18 psi/ 
cycle) for 48- and 96-hour curing at 48.9° C (120° F), 
respectively (Ref 36). 

A study (Ref 107) has shown that some soil
lime mixtures display autogenous healing properties. 
If the stabilized soil has the ability to regain 
strength, or heal, with time, the distress produced 
during winter freeze-thaw cycles will not be cumula
tive since autogenous healing during favorable curing 
conditions would serve to restore the stability of 
the material. This phenomenon is illustrated in 
Fig 22. Confirming field data on autogenoas healing 
have been presented by McDonald (Ref 68). 

Durable soil-lime mixtures can be obtained 
when reactive soils are stabilized with lime. Al
though some strength reduction and volume change may 
occur, the residual strength of the stabilized mater
ials is adequate to meet field service requirements. 
Durability considerations must be taken into account 
in establishing the mix design and selecting design 
strength parameters. 

Variability of Properties 

Analyses of testing error associated with repeat 
strength determinations of identical soil-lime mix
ture specimens have been reported by Liu and Thompson 
(Ref 63). The standard deviations for unconfined 
compression, indirect (split) tensile, and flexural 
strengths increased with increased strength and the 
average coefficients of variation. In general, the 
testing errors were approximately of the same magni
tude, coefficients of variation of 11 to 12 percent, 
for the different testing procedures studied. This 
variation was for specimens prepared, cured, and 
tested in the laboratory. The variation for soil
lime mixtures constructed in the field would be 
substantially greater (Ref 66). 

Factors contributing to testing variability 
include: a) heterogenous nature of soils; b) nonun
iformity of mixtures; c) slight deviations in sample 
preparation and testing techniques; d) small varia
tions in curing temperature and time; and e) density 
variations. 

Moving from the laboratory to a field con~ 
struction site, it could be expected that more vari
ation would be introduced as a result of the rela
tively uncontrolled construction process as compared 
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to the carefully controlled laboratory conditions. 
Additional variation may also be introduced with time 
during construction. The variation in material prop
erties introduced along the roadway includes varia
tion introduced by the environment, changes in the 
constituents of the mixture, changes in contractor 
or construction technique, and various other factors. 

This variability should be recognized and 
considered in the evaluation of soil-lime mixtures. 

Summary 

An attempt has been made to summarize the basic char
acteristics and properties of soil-lime mixtures with 
respect to their engineering uses. These properties 
vary significantly depending on the type of soil, 
method and quality of construction, and type and 
length of curing. Thus, at this time it is not pos
sible to define the actual properties. Only values 
can be provided. The use, evaluation, and mixture 
design procedures should be developed in terms of 
intended use, objectives, and test conditions. In 
addition, the evaluation should be based on meaning
ful tests which provide fundamental engineering prop
erties rather than empirical test results. An at
tempt should also be made to recognize and consider 
the inherent variation in soil-lime mixtures. 

SOIL-LIME MIXTURE DESIGN 

General 

The major objective of the mixture design process is 
to establish an appropriate lime content for con
struction. It is important to note that the primary 
variable that can be altered is lime percentage since 
the inherent properties and characteristics of the 
soil are essentially fixed. Because of the many 
varied applications of lime treatment of soils, sev
eral mixture design procedures have been developed 
which are described in this section. The general 
principle of soil-lime mixture design is that the 
mixture should provide satisfactory performance when 
constructed in a desired position in the pavement 
structure or the subgrade. It is apparent that a 
wide range of soil-lime mixtures of varying quality 
can be successfully used to accomplish differing 
lime treatment objectives. Design lime contents 
generally are based on an analysis of the effect of 
various lime percentages on selected engineering 
properties of the soil-lime mixture. Engineering 
properties which are considered, depending on the 
stabilization objectives, are Atterberg limits, i.e., 
liquid limit, plastic limit, and plasticity index, 
swell potential, and strength of cured or uncured 
mixtures. 

Mixture design criteria are needed to estab
lish the quantity of lime required to produce an 
acceptable quality mixture. For some stabilization 
objectives and soils, acceptable soil-lime mixtures 
may not be produced regardless of the lime percentage 
used, 

Laboratory Testing Procedures 

Many different laboratory testing procedures have 
been utilized in the various mixture design methods. 
Specific details of the various procedures have not 
been included in this report, however, general con
siderations are summarized below. 

Test methods which have been used in the de
sign of soil-lime mixture include (1) Atterberg 
limits, (2) California Bearing Ratio, (3) Hveem sta
bilometer or R-value, (4) swell tests, and (5) uncon
fined compression. Laboratory testing involves soil
lime mixture preparation, specimen preparatiop, 
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Figure 17. Influence of soaking on the 
strength of cured soil-lime mixtures 
(Ref 106). 

Figure 18. Influence of freeze-thaw 
cycles on unit length change (48-hour 
curing) (Ref 36). 

Figure 19. Influence of freeze-thaw 
cycles on unconfined compressive 
strength (Ref 36). 
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Figure 20. Relationship between unit length change and 
strength decrease with freeze-thaw cycles (Ref 36). 
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Figure 21. Influence of initial unconfined compressive 
strength on the residual strength after freeze-thaw cycles (Ref 36). 
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curing, and testing. 

Mixture Preparation 

Lime contents generally are specified as a percentage 
of the dry weight of soil, although a few agencies 
specify on a volume basis. Soil-lime mixtures are 
normally prepared first by dry mixing the proper 
amounts of soil and lime and then blending the re
quired amount of water into the mixture. In most 
procedures, mixtures are prepared at or near optimum 
moisture content as determined by AASHTO T-99, T-180 
or T-212. 

Frequently the soil-lime mixture is allowed 
to mellow one hour or some other designated time 
prior to conducting Atterberg limit tests or pre
paring test specimens. 

Specimen Preparation 

Strength test specimens are generally cylindrically 
shaped. Diameter and heights vary substantially 
ranging from 35.6 mm (1.4 inches) in diameter by 
71.1 mm (2.8 inches) high to 15.2 cm (6 inches) in 
diameter by 20.3 cm (8 inches) in height. Since the 
length to diameter ratios (i/d ratios) vary, it is 
recommended that comp res si ve strength va 1 ues he 
corrected to an i/d ratio of 2 for comparison pur
poses. 

The density of the compacted specimens must 
be carefully controlled because the strength of a 
cured soil-lime mixture is greatly influenced by 
density (Fig 6) and small density variations may 
mnke it. n.i ffi t.1111'. t:o :1.ccurat:elv evaluate th!:l tlfftl1.:L 
of other variables such as lime percentage and curing 
conditions. Thus, the compactive effort should al
ways be specified since some test methods specify 
AASHTO T-99 or the equivalent and other procedures 
specify AASHTO T-180 or T-212. 

Curing Conditions 

Time I temp,erature, and moisture conditions during the 
curing period vary significantly. Some agencies cure 
at room temperatures while others cure at elevated 
temperatures, e.g., 48 huurs al 48.9° C (120° F). 
Normally elevated temperature curing is of shorter 
duration than ambient curing. Many procedures spec
ify that the specimens should be cured in a sealed 
container while others (AASHTO T-220) require a moist 
curing cycle followed by a drying and capillary 
wetting cycle. It should be noted that in some pro
cedures no curing period is required. 

The great disparity in curing conditions makes 
it very difficult to compare the results obtained 
from di fferent testing methods. Thus , mixture qual
ity criteria developed for a particular test pro
cedure should not be arbitrarily adopted for analyz
ing test results obtained from a different test 
method. 

Testing 

Procedures used to evaluate soil-lime specimens us
ually involve conventional tests. For example, the 
Atterberg Limits (AASHTO T-89; T-90), Californ i a 
Bearing Ratio (AAGIITO T-193), and R-Valuc (ASTM 
D2844) are used for many different types of mater
ials. There is probably more variation in uncon
fined compression testing than any other procedure. 
Thus, details concerning specimen size, rate of 
loading, etc. should be specified in the description 
of any test method which is not standardized. 

Mixture Design Criteria 

Jixture design criteria are needed to evaluate the 
adequacy of a given soil-lime mixture. Criteria will 
vary depending on the stabilization objectives and 
anticipated field service conditions, i.e., environ
mental factors, wheel loading considerations, design 
life, etc. It is thus apparent that mixture design 
criteria may range over a broad scale and should be 
based on a careful consideration of the specific con
ditions associated with the stabilization project. 

Types of Criteria 

Current mixture design criteria can be classified into 
two broad categories. The first category relates to 
those situations where the major stabilization objec
tives are PI reduction, improved workability, immedi
ate strength increase, and reduced swell potential, 
To a large extent, these property improvements are 
produced by the cation exchange and flocculation
agglomeration reactions which occur quite rapidly, 
Mixture design criteria for this category of stabil
ization might typically include some of the following 
requirements: 

(1) no further decrease in PI with increased 
percentage of lime, 

(2) acceptable PI reduction for the partic
ular stabilization objective, 

(3) acceptable swell potential reduction, 
and 

(4) CBR and R-Value increase sufficient for 
<Ill l j_ ,_., i IIH i.Hil 11,-,c.~, 

It is difficult to establish actual quanti
tative values for the above requirements because in 
many cases they must be established relative to the 
properties of the untreated soil and the specific job 
conditions. 

The second category of criteria is concerned 
with strength improvement produced by the pozzolanic 
reaction between the soil and lime. For example, if 
the mixture is to be used as a subbase or base course 
in the pavement structure, it must possess minimum 
strength and durability. Thus, mixture design cri
teria normally specify that the cured mixture meet a 
minimum strength requirement and the design lime con
tent is that percentage which produces maximum 
strength for given curing conditions. 

Most current minimum strength criteria are 
specified in terms of compressive strength. The min
imum strength requirements generally are higher for 
base materials than for subbase materials since stress 
and durability conditions differ for various depths in 
the pavement structure. 

Typical current mixture design criteria are 
presented in the section entitled Current Mixture 
Design Procedures. 

Experience and Evaluation 

Mixture design criteria can be validated only on the 
ha.sis of actual field performance. McDowell's ex
tensive publications (Kefs 72 through 77) concerning 
Texas experiences, Anday's summary (Ref 3) of Virginia 
project~, and McDonald's recent reports (Refs 68 
through 71) are examples of extensive validation ac
tivities for widely separated geographic areas with 
drastically different climatic conditions. 

Mixture design criteria developed for use 
with a particular mixture design procedure and geo
graphic location must be applied indiscriminately 
to other areas. Careful consideration should be given 
to all aspects of the problem before adopting any 



criteria. 

Current Mixture Design Procedures 

Selected current mixture design procedures are sum
marized below. As discussed, mixture design proced
ures consider specimen preparation, curing conditions, 
testing procedures, and mixture design criteria. More 
detailed information concerning the mixture design 
procedures can be obtained by consulting the various 
references listed in this section. 

California Procedure 

California's current design procedure is based on 
stabilometer test data developed for mixtures con
taining various lime percentages. The general pro
cedure is as follows: 

1. Soil-lime mixtures are prepared at various 
lime percentages. The mixture moisture content is 
adjusted to approximately optimum (AASHTO T-180) and 
the moist mixture is loose cured for 24 hours. 

2. Stabilometer samples are compacted using 
the California kneading compactor (California Test 
Method 301). The compacted specimens are not cured. 

3. The compacted specimens are tested using 
the stabilometer (California Test Method No. 312) to 
determine the R-value. 

4. Depending on the intended use of the mix
ture, the lime percentage required to develop an R
value in the range of 60 to 80 is determined. 

5. The lime percentage is increased approx
imately l percent to compensate for field construc
tion variability. 

Eades and Grim Procedure 

The pH mixture design concept developed by Eades and 
Grim (Ref 44) involves, to a certain extent, a 
strength based criterion. The basic thrust of the pH 
procedure is to add sufficient lime to the soil to 
insure a pH of 12.4 for sustaining the strength-pro
ducing, lime-soil pozzolanic reaction. The pH pro
cedure, as developed by Eades and Grim, is summarized 
below. 

1. Representative samples of air-dried, minus 
No. 40 soil to equal 20 g of oven-dried soil are 
weighed to the nearest 0.1 g and poured into 150-ml 
(or larger) plastic bottles with screw tops. 

2. Since most soils will require between 2 
and 5 percent lime, it is advisable to set up five 
bottles with lime percentages of 2, 3, 4, S, and 6. 
This will insure, in most cases, that the percentage 
of lime required can be determined in 1 hour. Weigh 
the lime to the nearest 0.01 g and add it to the 
soil. Shake to mix soil and dry lime. 

3. Add 100 ml of CO2-free distilled water to 
the bottles. 

4. Shake the soil-lime and water until there 
is no evidence of dry material on the bottom. Shake 
for a minimum of 30 seconds. 

5. Shake the bottles for 30 seconds every 
10 minutes. 

6. After l hour, transfer part of the slurry 
to a plastic beaker and measure the pH. The pH meter 
must be equipped with a Hyalk electrode and standard
ized with a buffer solution having a pH of 12.00. 

7. Record the pH for ·each of the soil-lime 
mixtures. If the pH readings go to 12.40, the low
est percent lime that gives a pH of 12.40 is the per
cent required to stabilize the soil. If the pH does 
not go beyond 12.30 and 2 percent lime gives the same 
reading, the lowest percentage which gives a pH of 
12.30 is that required to stabilize the soil. 
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If the highest pH is 12.30 and only 1 percent lime 
gives a pH of 12.30, additional test bottles should 
be started with larger percentages of lime. 

Thompson and Eades (Ref 108) have demon
strated that for tyPical Illinois soils, the lime 
percentage determined by the pH test was approxi
mately the same as the lime percentage producing 
maximum compressive strength. Recent work by Harty 
(Ref 53), however, indicates that the lime percentage 
obtained from the pH procedure does not produce max
imum cured compressive strength for tropical and sub
tropical soils. There are limitations to the pH pro
cedure in that, (1) the technique does not establish 
whether the soil will react with lime to produce a 
substantial strength increase, and (2) strength data 
are not generated for use in evaluating mixture 
quality. 

Eades and Grim (Ref 44) recognized the need 
for supplemental strength data and have stated, "The 
one-hour pH or 'Quick Test' can be used only to de
termine the lime requirements of a soil for stabili
zation. Since strength gains are related to the for
mation of calcium silicates, and their formation 
varies with the mineralogical components of the soil, 
a strength test is necessary to show the percentage 
of strength increase." 

Illinois Procedure 

The Illinois procedure considers two types of sta
bilization objectives: 

1. Soil-lime stabilization in which the mix
ture will be utilized as a base or subbase material 
in the pavement system, and 

2. Subgrade modification and expediting 
construction. 

The procedures are outlined below. 

Soil-lime Stabilization. The mixture design 
procedure is based on unconfined compressive strength 
test data. Specimens with a 5.1 centimeter (2 inch) 
diameter and a 10.2 centimeter (4 inch) height of 
the natural soil and soil-lime mixtures are prepared 
at optimum moisture content and maximum dry density 
(AASHTO T-99). The soil-lime specimens, prepared at 
various lime treatment levels, are cured for 48 hours 
at 48.9° C (120° F) prior to testing. 

The compressive strength of the soil-lime mix
ture with 3 percent lime must be at least 34.5 N/cm2 
(SO psi) greater than the compressive strength of 
the natural soil. The design lime content is desig
nated as the lime percent above which further in
creases do not produce significant additional strength. 
For field construction, the lime content is increased 
0.5 to 1.0 percent to offset the effects of field 
variability. Minimum strength requirements are 
69 N/cm2 (100 psi) for subbase and 103 N/cm2 (150 psi) 
for base course. These minimum strengths relate to 
AASHTO coefficients of relative strength of 0.12 for 
subbase materials and 0.11 for base course materials. 

Subgrade Modification. The mixture design 
procedure for lime modificati on is based on the ef
fect of lime on the plasticity index of the soil. 
Optional CBR testing can also be conducted if desired. 

AASHTO Methods T-89 and T-90 are utilized to 
determine the liquid limit, plastic limit, and plas
ticity index of the soil treated with various per
centages of lime. The lime-soil-water mixture is 
loose cured for one hour prior to testing. A plot 
of plasticity index versus lime content is prepared. 
The design lime content may be designated as (1) 
that lime content above which no further appreciable 
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reduction in PI occurs, or (2) a mLnimum lime content 
which produces an acceptable PI reduction. 

Depending on the stabilization objectives, 
CBR tests may also be conducted to evaluate the sta
bility and/or swell properties of the lime-treated 
soil. Curing and soaking of the CBR specimens prior 
to testing is optional depending on the stabiliza
tion objectives. If appropriate, the design lime 
content may be changed based on the CBR data, sta
bility values, or swell properties. 

For field construction, the design lime con
tent is increased 0.5 to 1.0 percent to offset the 
effects of field construction variability. 

Louisiana Procedure 

Lime contents for soil-lime mixtures to be used as 
base or subbase courses are determined in accordance 
with LDH Designation TR 433-70, "Determining the Min
imum Lime Content for Lime-Soil Treatment," Quality 
requirements, expressed in terms of minimum unconfined 
compressive strength~ are 69 N/cm2 (100 psi) for base 
course and 34.5 N/cm (50 psi) for subbase courses. 

Soil-lime mixtures of various lime contents 
are prepared at optimum moisture content (LDH TR 418) 
and specimens 15.2 cm (6 in.) in diameter and 20.3 cm 
(8 in.) in height are compacted to maximum dry den
sity (LDH TR 418). 

The curing cycle for the compacted soil-lime 
mixture is: 

1. SP.VP.n rl~ys in moist room, 
2. air dried 8 hours at 60° C (140° F), 
3. eight hours of cooling, and 
4. ~=,, .~~y ,, nFi11~~-y ~n~1,i,,S n~ ~ nn,,~i,, • ,,g 

pressure of 0.69 N/cm2 (l psi), AASHTO T-212 procedure. 
Following curing, the specimens are tested in 

unconfined compression at a rate of 3.81 mm/minute 
(0.15 in./minute), The minimum lime content providing 
adequate unconfined compressive strength, i.e., 69 N/ 
cm2 (100 psl) fur base , 34. 5 N/cm2 (50 psl} .fur ,;ul.,-. 
base, is determined from the test data. 

Oklahoma Procedure 

Oklahoma's standard procedure for determining the 
optimum lime content is the Eades and Grim Procedure. 
As an alternate, a plasticity index reduction test 
procedure, as outlined below, is used. The basic 
objective of Oklahoma's lime treatment is to modify 
subgrade soils without any specific strengthening 
objective. 

1. Soil-lime mixtures with lime contents of 
3, S, 7, and 10 percent are prepared at the AASHTO 
T-99 optimum moisture content for the soil. 

2. The soil-lime mixtures are loose cured 
in a moisture room for 48 hours. 

3. The cured soil-lime mixture is then 
dried in accordance with AASHTO T-87 paragraph 4(a). 

4. The liquid limit, plastic limit, and 
plasticity index PT are determined in accordance 
with AASHTO Methods T-89 and T-90, respectively. 

5. A plot of PI versus percent lime is pre
pared. The percent lime which reduces the PI by two 
points per one percent increase in lime is considered 
to be the optimum lime content for the soil-lime 
mixture. Any lime content at or below the optimum 
limt: contt:nt which give;, Llrn u.e;,lreu. mou.lfication 
may be recommended by the engineer. The PI should 
be reduced to a maximum value of 10. 

South Dakota Procedure 

Initial lime requirements are established based on a 
pH procedure (Test No. SD 128) which is similar to 
the Eades and Grim Procedure. Supplemental strength 
data are developed by evaluating the CBR of various 

soil-lime combinations compacted at optimum moisture 
content (AASHTO T-99) to maximum dry density. 

The South Dakota technique (Test No. SD 107) 
is similar to AASHTO T-193, If the CBR of the soil
lime mixture with no curing except for the 96-hour 
soaking period is 3 to 4 times greater than the CBR 
of the natural soil, the soil-lime mixture is con
sidered to be of adequate quality for use as a pave
ment layer (AASHTO coefficient of relative strength= 
0.05). 

Texas Procedure 

The soil-lime mixture design procedure used by the 
State Department of Highways and Public Transporta
tion is AASHTO T-220 which provides for the determ
ination of the unconfined compressive strength of 
soil-lime mixtures. The procedure suggests strength 
criteria of 69 N/cm 2 (100 psi) for base construction 
and 34.5 N/cm2 (SO psi) for subbase construction. 

Details of the procedure are included in AASHTO 
T-220, however, a general outline of the procedure is 
presented below. 

1. Based on the grain size and plasticity in
dex data, the lime percentage is selected from 
Fig. 23. 

2, Optimum moisture and maximum dry density 
of the mixture are determined in accordance with ap
propriate sections of AASHTO T-212 or Tex-121-E. The 
compactive effort is SO blows of a 4.54 kg (10 lb) 
hammer, with a 45.7 cm (18 . inch) drop. 

3. Test specimens, 15 . 2 cm (6 inches) in di
ameter and 20.3 (8 inches) in height are compacted at 
opt i mum moi5t1_1rA ~onT.Ant: t:o ma.ximum dry density. 

4. The specimens are placed in a triaxial 
cell (AASHTO T-212 or Tex-121-E) and cured in tht: 
following manner: 

a. seven days at room temperature, 
b. remove cells and dry at a temperature not 

to exceed 60° C (140° F) for about six hours or until 
one-third to one-half of the molding moisture has 
been removed, 

c. cool the specimens for at least 8 hours, 
and 

d. subject tht: specimens to capillarity (sec
tion 6 of AASHTO T-212 or Tex-121-E) for 10 days. 

5, The cured specimens are tested in uncon
fined compression in accordance with sections 7 and 
8 of AASHTO T-212 or Tex-121-E. 

Relative to Fig 23, the Texas Procedure notes 
that the percentages should be substantiated by ap
proved testing methods on any particular soil ma
terial. The results of the unconfined compression 
strength testing can be used for the purpose of sub
stantiation. 

Thompson Procedure 

Thompson (Ref 104) has developed a mixture design 
process for lime-treated soils in which different 
procedures are proposed for lime modified soils and 
soil-lime mixtures. 

The lime modification procedure is utilized 
when the stabilization objectives are to expedite 
construction and produce subgradc modification, e.g., 
CBR increase, decreased swell potential, and de
creased plasticity. Soil-lime mixtures which display 
significant compressive strength increases, 34.5 
N/cm2 (50 psi) minimum, can be utilized as base and 
subbase materials depending on the soil-lime mixture 
properties and pavement service requirements. 

A flow diagram illustrating the mixture de
sign process is shown in Fig 24. Quality criteria 
for the soil-lime mixtures were establisherl based on 



considerations of pavement structural behavior and 
durability requirements. The soil-lime quality cri
teria are summarized in Table 4. 

The development of the mixture design process 
and the detailed testing procedures are contained in 
Ref 104. It is emphasized that the lime-modified 
soil mixture design process can be utilized for re
active soils if the stabilization objectives are pri
marily to expedite construction or modify the sub
grade. 

Virginia Procedure 

Virginia's mixture design procedure, VTM-11 Virginia 
Test Method for Lime Stabilization, is based on the 
cured compressive strength of soil-lime mixtures sta
bilized with various amollllts of lime. The procedure 
is summarized below. 

1. Proctor sized specimens at various lime 
percentages are prepared at approximately optimum 
moisture content and maximum dry density (AASHTO 
T-99), compaction test conducted with 6 percenu lime. 

2. Specimens are cured in sealed containers 
at high humidity for 72 hours at 48.9° C (120° F). 

3. The soil-lime specimens are tested in un
confined compression using a loading rate of 1089 kg/ 
minute (2i400 pounds/minute) or approximately 
1. 3 kg/cm /minute (19 psi/minute). 

4. Virginia criteria require a minimum com
pressive strength of 10.5 kg/cm2 (150 psi) for soil
lime mixtures tested in accordance with the above 
procedure. 

Summary 

Design lime contents generally are based on an anal
ysis of the effect of varying lime percentages on 
selected engineering properties of the soil-lime mix
ture. The basic components of a mixture design pro
cedure generally are: 

1. method for preparing the soil-lime 
mixture, 

2. procedure for preparing and curing 
specimens, 

3. testing procedures for evaluating a 
selected property or properties of the cured soil
lime mixture, and 

4. appropriate criteria for establishing the 
design lime content. 

It is important to note that different de
sign lime contents for the same soil may be estab
lished depending on the objectives of the lime 
treatment and the mixture design procedure utilized. 
Mixture design procedures should be flexible enough 
to allow the exercise of judgment when unusual stab
ilization objectives are contemplated. 

LIME STABILIZATION CONSTRUCTION 

Introduction 

The modern version of lime stabilization is less than 
30 years old, but considerable advancement has been 
made in construction procedures during these past 
three decades. This progress of this method of stab
ilization was due to the efforts of many engineers 
and scientists and can be summarized as follows: 

1. basic and applied research by numerous 
state highway departments, governmental agencies, 
and universities; 

2. education by worldwide publication of 
research studies and construction reports of actual 
lime stabilization projects; and 

3. equipment manufacturer's recognition of 
the potential of lime stabilization and development 
of equipment to meet the needs of the contractor. 
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Twenty-five years ago there were two basic stabilizers 
that could be adapted to lime stabilization, but today 
there are approximately twenty different types of equip
ment designed primarily for this stabilization. 

With the growth of lime stabilization through
out the world for many climatic conditions, a diver
sity of applications has developed and a variety of 
construction techniques has evolved. This variation 
has been due to such factors as type of soil, degree 
of stabilization required, complexity of project, 
ecological restraints, and type of pavement design. 
For example, some heavy clay soils are very reactive 
to lime and can be completely pulverized with only 
one pass of a traveling mixing unit; however, this is 
the exception to the rule, as the stabilization of a 
heavy gumbo clay usually requires much more manipula
tion and curing than a low-plastic granular material. 
Modification of soil, e.g., drying out of wet soil 
with lime to expedite construction, is less involved 
than completely stabilizing a heavy clay to be used 
as a part of the pavement structure. 

Projects may range from maintenance activities 
for which only a few bags of lime are required (Fig 29) 
to vast interstate highways or airfield pavements re
quiring thousands of tons of bulk lime. Because of 
dusting, projects located in urban areas generally 
require the use of lime slurry rather than dry lime. 
Thus, with the growing emphasis on ecology the trend 
is toward a greater use of a lime slurry and some 
engineers are now discouraging the use of dry lime 
except in very localized areas. 

Finally, when lime is used in pavement design 
to reduce overall thickness, the stabilized layer 
must be built under tight construction specifications, 
whereas requirements are more lenient when lime is 
merely used to form a working table. 

Regardless of the specific application of soil
lime, the following basic steps are involved in the 
construction procedure: soil preparation, lime 
spreading, mixing and watering, compaction and fin
ishing, and curing. These basic steps, along with 
the more significant variations, are discussed in de
tail. Since this is a state-of-the-art report, un
doubtedly there will be more variations as lime sta
bilization continues to expand throughout the world. 

Lime Stabilization Methods 

Basically, there are three recognized lime stabiliza
tion methods, including in-place mixing, plant mixing, 
and pressure injection. 

In-place Mixing 

In-place mixing may be subdivided into three methods: 
1. mixing lime with the existing materials 

already a part of the construction site or pavement 
(Fig 25), 

2. off-site mixing in which lime is mixed 
with borrow and the mixture is then transported to 
the construction site for final manipulation and com
paction (Fig 26), and 

3. mixing in which the borrow source soil is 
hauled to the construction site and processed as in 
method number 1. 

The following procedures are utilized for in
place mixing; 

1. One increment of lime is added to clays or 
granular base materials that are easy to pulverize . 
The material is mixed and compacted in one operation, 
and no mellowing period is required. 

2. One increment of lime is added and the 
mixture is allowed to mellow for a period of 1 to 7 
days to assist in breaking down heavy clay soils. 

3. One increment of lime is added for soil 
modification and pulverization prior to treatment 
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Table 4. Tentative soil-lime mixture compressive strength requirements (Ref 104). 

Anticipated Use 

Modified subgrade 

Subbase 

Rigid pavement 

Flexible pavement 

Thi ic: kn.,•• of cov,,u..3 

25.4 cm (10 in.) 

20.3 cm (8 in.) 

12, 7 cm (5 in.) 

Base 

1
Hinimum anticipated strength 

Strength Requirements for Va't'ioua 
Anticipated Service Conditiona2 

Cyclfc Freeze-Thaw 
5 

Re:!:~:!e!!~~7fth Extended Soaking, 
8 days, 3 Cycles, 7 Cycles, 10 Cycles, 

N/cm 
2 (psi) N/cm 

2 
(psi) N/cm 

2 (pei) N/cm
2 

(psi) N/cm2 {psi) 

13.8 (20) J4 .5 (50) 34 .5 (50) 62.1 (90) 82. 7 (120) 
34.5 (50) 

13.8 (20) 34.5 (50) 34.5 (50) 62 . l (90) 82. 7 (120) 
34 . 5 (50)• 

20.7 (JO) 41.li (60) 41. 4 (60) 68 . 9 (100) B9,6 (130) 
41.4 (60)* 

27.6 (,o) '48.3 (70) 48.3 (70) 75 . 8 (100) 96.5 (140) 
51 . 7 (75)* 

41.li (60) 62.1 (90) 62.1 (90) 89 , 6 (130) 110 (160) 
68 . 9 (100)* 

68.9 (100) 89.6 (llO) 89.6 (llO) 117 (170) 138 (200) 
103 (150)"' 

following first winter exposure. 
2Strength required at termination of field curing (following construction) to provide adequate residual 
strength. 

3Total pavement thickness overlying the subbase. The requirements are based on the Boussinesq stress 
distribution. Rigid pavement requirements apply if cemented materials are used as base courses, 

4Flexural strength should be considered in thickness design, 
5Number of freeze-thaw cycles expected in the soil-lime layer during the first winter of service. 

*Freeze-thaw strength losses based on 6,9 N/cm2 /cycle (10 psi/cycle) except for 7-cycle values indicated 
by an * which were based on a previously established regression equation, 

Figure 24. Proposed mixture design process for lime-treated soils 
(Ref 104). 

UNCONFINED COMPRESSIVE STRENGIB
8 

(a) Natural Soil 
lh\ !-loil + 1Jime: C:11rini:n l.H hm,rfl 11t l.H.4u C / IL.UV ~') 

DP.l'f.ltM.lNE STKt:":NC'm INCREASE 

< 34.5 N/cm2 (50 psi) 
- NON-REACTIVE SOIL 

(Lime Modified Soil) 

PI TESTSb 
2-4-6% Umec 

ANALYZE PI TEST RESULTS 

DETERMINE DESIGN LIME PERCENTd 
(a) Lime percent above which 

further increases do not 
produce additional PI 
reduction. 

(b) Lime percent which produces 
acceptable PI reduction. 

OFTIGNAL TESTSe 
(a) CBR 
(b) CBR Swell 

> J tii . 5 N/r;r,,,
2 

(50 psi) 
REACTIVE SOIL 

(Soil-Lime Mixture) 

UNCONFINED COMPRESSIVE STRENGIBf 
3-5-7i. Lime 

ANALYZE STRENGTH TEST RESULTS 

DETERMINE DESIGN LIME PERCENT 
Lime percent above which 
further increases do not pro
duce significant additional 
strength. 

CHECK STRENGTH OF DESIGN MIXTURE 
WITH CRITERIA (Table 4) 

EVALUATE DESIGN MIXTURE PROPERTIES 
Use correlations presented in 
Table 2 of Ref 104 , 

DESIGNATE nan LIME l"E: llCiENT 
Arlrl 1 /2 r-n 1 JlfffC'P.nt: tn Oe:=iign 1 ime percent to account 
for construction losses, uneven distribution, etc. 

a All specimens compacted at optill!um water content to maximum dry dl:!nslly. 
Lime treatment level for b may be 5 percent or as determined by "pH 
procedure. 11 See footnote f if desired. 

bPI Tests conducted one hour after mixing lime-soil-water. Mixture is 
not cured prior to testing. 

cln some cases more closely ~paced trl:!.alml:!.ul 11:!.Vl:!.l.s 1111::1y be appropriat@. 

dcriteria a or b may be applied depending on the stabilization objective. 

eConduct t~stti 1::1t de:sig11 lime: content. Curing of CBR specimens prior to 
'ioa\dno -t Ii' opti oniil ilPpPnrli ng nn "'t;ihi 1 i 7,Rt1 nn nhjP.r.tive, If swell is 
not reduced to a satisfactory level, additional CBR tests may be con
ducted at higher lime contents. Design lime content may be increased if 
further swell reduction is obtained. Swell considerations are of great 
importance for lime modified subgrades. 

fSpecimens compacted at optimum moisture content to maximum dry density. 
Additional and/or different lime percentages may be required for some 
soils, An estimate of approximate optimum lime content may be obtained 
by applying "pH test procedure" developed by Eades and Grim (Ref 44), 

Figure 25. In-place mixing of lime-stabilized 
subgrade-Oregon. 

Figure 26. Off-site mixing pads for 
Mississippi River levee repair project-Arkansas. 

figure 27a. Deep stabilization of 
access road-Dallas-Fort Worth 
Airport. After lime spreading the 
plow cuts to a depth of 61 cm (24 
inches). 



Figure 27b. Tractor plow pulled by a second tractor for 
deep stabilization . 

... 

Figure 28. Plant mixing pug mills. 

(a) Lime-treated gravel with lime fed by screw conveyor-South 
Dakota (Ref 21). 

Figure 29. Application of lime by the bag for a small maintenance 
project-Texas. 

Figure 27c. Root plow for scarifying to a depth of 46 cm 
(18 inches). 

(b) Lime-cement-flyash-aggregate base course-Newark Airport. 
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Figure 30. Application of lime by a bulk pneumatic truck for levee 
repair project. 
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with cement or asphalt. 
4. One increment of lime is added to produce 

a working table. Proof rolling is required in lieu of 
pulverization and density requirements. 

5. Two increments of lime are added for soils 
which are extremely difficult to pulverize. Between 
the applications of the first and second increments 
of lime, the mixture is allowed to mellow. 

6. Deep stabilization which has been accom
plished by one of two approaches (Ref 98). 

a. One increment of lime is applied to mod
ify soil to a depth of 24 inches (Fig. 27). Greater 
depths are possible but to date have not been at
tempted. A second increment of lime is added to the 
top 15 to 30 cm (6 to 12 in.) for complete stabiliza
tion. Plows and rippers are used to break down the 
large clay chunks in the deep treatment. Heavy disc 
harrows and blades are also used in pulverization of 
these clay soils. In frost zones, the use of small 
quantities of lime for soil modification under some 
circumstances may result in a frost susceptible ma
terial which in turn can produce a weak sublayer. 

b. One increment of lime is applied for 
complete stabilization to a depth of 46 cm (18 in.). 
Mechanical mixers are now available to pulverize the 
lime-clay soil to the full depth by progressive cuts 
as follows: first pass cut to a depth of 15 cm 
(6 in.), second to 23 cm (9 in.), third to 30 cm 
(12 in.), fourth to 38 cm (15 in.), and then a few 
passes to a depth of 46 cm (18 in.) to accomplish 
full pulverization. The full 46 cm (18 in.) is com
pacted from the top by vibratory and conventional 
heavy rollers. 

Plant Mixing 

The plant-mix operation usually involves hauling the 
soil to a central plant where lime, soil, and water 
are uniformly mixed and then transported to the con
struction site for further manipulation (Fig 28). 

The amount of lime for either method is us
ually predetermined by test procedures. Specifica
tions may be written to specify the actual strength 
gain required to upgrade the stabilized soil, and 
notations can be made on the plans as to the esti
mated percent of lime required. This note should 
also stipulate that changes in lime content may be 
necessary to meet changing soil conditions encountered 
during construction. 

Pressure Injection 

Pressure injections of lime slurry to depths of 2 to 
3 meters (7 to 10 feet) for control of swelling and 
unstable soils on highways and under building sites 
are usually placed on 1.5-meter (5-foot) spacings, 
and attempts are made to place horizontal seams of 
lime slurry at 20- to 30-cm (8- to 12-in.) intervals. 
The top 15- to 30-cm (6- to 12-in.) layer should be 
completely stabilizeu. by conventional methods. Pres
sure injection will not be considered in detail since 
the technology is different and is outside the scope 
of this report. Additional information and detail 
can be obtained from Refs 58 and 113. 

Soil Preparation 

The in-place subgrade soil should be brought to final 
grade and alignment. The finished grade elevation may 
require some adjustment due to the potential fluff 
action of the lime stabilized layer resulting from 
the fact that some soils tend to increase in volume 
when mixed with lime and water. This volume change 

may be exaggerated when the soil-lime is remixed over 
a long period of time, especially at moisture con
tents less than optimum moisture. The fluff action 
is usually minimized if adequate water is provided 
and mixing is accomplished shortly after lime is ad
ded. For soils that tend to fluff with lime, the 
subgrade elevation should be lowered slightly or the 
excess material trimmed. Trimming can usually be 
accomplished by blading the material onto the shoulder 
of embankment slopes. 

This blading operation is desirable to remove 
the top 6. 4 mm ('.,. inch) since this ·,material often is 
not well cemented due to lime loss experienced during 
construction. Excess rain and construction water may 
wash lime from the surface, and carbonation of lime 
may occur in the exposed surface. 

If dry lime is used, ripping or scarifying to 
the desired depth of stabilization can be accomplished 
either before or after lime is added. If the lime 
is to be applied in a slurry form, it is desirable 
to scarify prior to the addition of lime. 

Lime Application 

Dry Hydrated Lime. Dry lime can be applied 
either in bulk or by bag. The use of bagged lime is 
generally the simplest but also the most costly method 
of lime application. Bags, 22.7 kg (SO lb), are de
livered in dump or flatbed trucks and placed by hand 
to give the required distribution (Fig 29). After 
the bags are placed, they are slit and the lime is 
dumped into piles or transverse windrows across the 
roadway. The Ii.me is then leveled by either hand 
rakini or by means of a spike-tooth harrow or drag 
pu.l.leu oy a tractor or Lruck. lutmo<lia.toly the:roa.ftcr, 
the lime is sprinkled to reduce dusting. 

The major disadvantages of the bag method are 
the higher cost of lime because of bagging costs, 
greater labor costs, and slower operations. Never
theless, bagged lime is often the most practical 
method for small projects or for projects in which it 
is difficult to utilize large equipment. 

For large stabilization projects, particularly 
where dusting is no problem, the use of bulk lime has 
become common practice. Lime is delivered to the job 
in self-unloading transport trucks (Fig 30). These 
trucks are large and efficient, capable of hauling 
13,300 to 21,800 kg (15 to 24 tons). One type is 
equipped with one or more integral screw conveyors 
which discharge at the rear. In recent years pneu
matic trucks have increased in popularity and are 
preferred over the older auger-type transports. With 
the pneumatic units the lime is blown from the t~ker 
compartments through a pipe or hose to a cyclone 
spreader or to a pipe spreader bar mounted at the 
rear (Fig 31). Bottom-d\Jllp hopper trucks have also 
been tried, but they are undesirable because of dif
ficulty in unloading and obtaining a uniform rate 
of discharge. 

With the auger trucks, spreading is handled 
by means of a portable, mechanical~type spreader at
tached to the rear or through metal downspout chutes 
or flexible rubber boots extending from the screw 
conveyors. The mechanical spreaders incorporate 
belt, sr.rew, rot.ary vane, nr c1rag chain conveyors 
to distribute the lime uniformly across the spreader 
width. When boots or spouts are used instead, the 
lime is deposited in windrows; but due to lime's 
lightness and flowability, the lime becomes distrib
uted rather uniformly across the spreading lane. 
Whether mechanical spreaders, downspouts, or boots 
are used, the rate of lime application can be regu
lated by varying the spreader opening, spreader drive 
speed, or truck speed so that the required amount of 
lime can be applied in one or more passes. 

With the pneumatic trucks, spreading is gener-



ally handled with a cyclone spreader mounted at the 
rear, which distributes the lime through a split 
chute or with a spreader bar equipped with several 
large downspout pipes, Fingertip controls in the 
truck cab permit the driver to vary the spreading 
width by adjusting the air pressure. Experienced 
drivers can adjust the pressure and truck speed so 
that accurate distribution can be obtained in one or 
two passes, 

When bulk lime is delivered by rail, a variety of 
conveyors can be used for transferring the lime to 
transport trucks; these include screw, belt or drag
chain conveyors, bucket elevators, and screw eleva
tors. The screw-type conveyors are most commonly 
used, with large diameter units, 25.4 to 30.5 cm (10 
to 12 inches) being recommended for high speed unload
ing. To minimize dusting, all types of conveyors 
should be enclosed, Rail car unloading is generally 
facilitated by means of poles and either mechanical 
or air-type vibrators. 

Lime has also been handled through permanent or 
portable batching plants, in which case · the lime is 
weigh-batched prior to loading. Generally, a batch
ing plant set-up would only be practical on exception
ally large jobs. 

Obviously, the self-unloading tank truck is the 
least costly method of spreading lime, since there is 
no rehandling of material and large payloads can be 
carried and spread quickly. 

Dry Quicklime. Quicklime may be applied in bags 
or bulk. Due to its higher cost, bagged lime is only 
used for drying of isolated wet spots or on small 
jobs. The distribution of bagged quicklime is similar 
to that of bagged hydrate, except that greater safety 
emphasis is needed. First the bags are spaced accu
rately on the area to be stabilized, and after spread
ing, water is applied and mixing operations started at 
once. The fast watering and mixing operation helps 
minimize the danger of burns. Quicklime may be ap
plied in form of pebble, approximately 9.5 mm (3/8 
inch), granular, or pulverized. The first two are 
more desirable as less dust is generated during 
spreading. 

Bulk quicklime may be spread by self unloading 
auger or pneumatic transport trucks, similar to those 
used for dry hydrate. In addition, however, due to 
its coarser size and higher density, quicklime may 
also be tailgated from a regular dump truck with tail
gate opening controls to assure accurate distribution 
(Fig. 32). 

Because quicklime is anhydrous and generates heat 
upon contact with water, special care should be taken 
during stabilization to avoid lime burns. Where quick
lime is specified, the contractor should provide the 
engineer, for review, a detailed safety program cov
ering precautions to be exercised and emergency treat
ment to be available on the jobsite. The program 
should include protective equipment for eyes, mouth, 
nose, and skin as well as a first-aid kit with an 
eyeball wash. This protective equipment should be 
available on the jobsite during spreading and mixing 
operations. The contractor should actively enforce 
this program for the protection of the workers and 
others in the construction area. 

Slurry Method. In this method lime and water 
are mixed into a slurry. Historically, hydrated lime 
has been used in slurries. Nevertheless, quicklime 
could potentially be used providing that adequate 
equipment was developed for preparing the slurry. At 
the present time, this process involves a two-step op
eration in which a quicklime paste is first prepared 
and then additional water added to form the slurry. 
The hydrated lime-water slurry is mixed either in a 
central mixing tank (Fig 33), jet mixer (Fig 34), or 
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in a tank truck. The slurry is sprP.ad over the scar
ified roadbed by a tank truck equipped with spray bars 
(Fig 35). One or more passes may be required over a 
measured area to achieve the specified percentage 
based on lime solids content. To prevent run-off and 
consequent non-uniformity of lime distribution that 
may occur under certain conditions, it may be neces
sary to mix the slurry and soil immediately after 
each spreading pass (Fig 36). 

A typical slurry mix proportion is 907 kg 
(1 ton) of lime and 1.9 m3 (500 gallons) of water 
which yields about 2.3 m3 (600 gallons) of slurry 
containing 31 percent lime solids. At higher concen
trations there is difficulty in pumping and spraying 
the slurry. Forty percent solids is a maximum pump
able slurry. 

The actual proportion used depends upon the 
percent of lime specified, type of soil, and its mois
ture condition. Where small lime percentages- are re
quired, the slurry proportions may be reduced to 
907 kg (1 ton) of lime per 2.6 to 3.0 m3 (700 to 800 
gallons) of water. Where the soil moisture content is 
near optimum, a stronger lime concentration normally 
would be required. 

In plants employing central mixing, agitation 
is generally accomplished by using compressed air and 
a recirculating pump, although pug mills have also 
been used. The most typical slurry plant incorporates 
slurry tanks large enough to handle whole tank truck 
loads of hydrated lime, approximately 18,100 kg (20 
tons). For example, on one job two 57-cubic meter 
(15,000 gallon) tanks, 3-meter diameter by 8-meter 
length (10-foot diameter by 26-foot length) were used, 
each fitted with a 20-centimeter (8-inch) perforated 
air line mounted along the bottom. The air line was 
stopped 46 cm (18 inches) short of the end wall, 
thereby providing maximum agitation in the lime feed
ing zone. A typical batch consisted of 38 m3 (10,000 
gallons) of water, charged first, and 18,100 kg (20 
tons) of lime, producing about 45 m3 (12,000 gallons) 
of slurry in less than 25 minutes. Loading of the 
tank trucks was handled by a standard water pump, with 
one slurry tank being unloaded while the slurry was 
being mixed in the other tank. 

On another job the contractor used a similar 
tank and air line, but in addition made use of a 10-
cm (4-inch) recirculating pump for mixing; the same 
pump loaded the tank trucks. To keep the lime from 
settling, the contractor devised a hand-operated 
scTaper fitted wit'h air jets, 

Still another job involved a much smaller tank, 
approximately 9 m3 (2400 gallons), mounted below a 
lime bin and weigh-batcher. A typic;al batch consis.ted 
of 1800 kg (2 tons) of lime and 4 m3 (1000 gallons) of 
water, producing enough slurry for one tank truck. 
Mixing was accomplished with air jets and a 7.6-centi
meter (3-inch) recirculating pump. 

The newest and most efficient method of slurry 
production which eliminates batching tanks involves 
the use of a compact jet slurry mixer. Water at 
5 kg/cm2 (70 psi) pressure and hydrated lime are 
charged continuously in a 65:35 (weight) ratio into 
the jet mixing bowl, where slurry is produced instan
taneously. The mixer and auxiliary equipment can be 
mounted on a small trailer and transported to the job 
readily, giving great flexibility to the operation 
(Ref 16). 

In the third type of slurry set-up, measured 
amounts of water and lime are charged separately to 
the tank truck, with the slurry being mixed in the 
tank either by compressed air or by a ~ecirculating 
pump mounted at the rear. The water is metered and 
the lime proportioned volumetrically or by means of 
weight batchers. Both portable and permanent batching 
plants are used. Mixing with air is accomplished at 
the plant. The air jets are turned on during the 
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Figure 31 . Distribution of lime from bar spreader-Wisconsin. 

Figure 33. Slurry mixing plant using recirculating pump for mixing. 

i• 'i 
• > --·'A 

Figure 35. Spreading of lime slurry. 

(a) Stabilization of stone base ( Ref 16) . 

(bl Recirculation pump on top of 2.3 m3 (6000 gal) wagon 
agitates slurry. 

Figure 32. Spreading of granular quicklime on canal relining 
project-California (Ref 18). 

Figure 34. Jet slurry mixing plant-Dallas County, Texas (Ref 16). 

Figure 36. Grader-scarifier cutting slurry into stone base. 



loading operation, and remain on until the slurry is 
thoroughly mixed which takes about 10 to 15 minutes. 
The use of a recirculating pump, however, permits 
mixing to occur during transit to the job. Generally, 
5, 8 or 10-centimeter(2, 3, or 4-inch) pumps are used 
in this operation, with the slurry being recirculated 
through the tank by means of a perforated longitudinal 
pipe extending the length of the tank and capped at 
one end. 

Spreading from the slurry distributors is ef
fected by gravity or by pressure spray bars, the 
latter being preferred due to better distribution. 
The use of spray deflectors is also recommended for 
good distribution. The general practice in spreading 
is to make either one or two passes per load. How
ever, several loads may be needed in order to distrib
ute the required amount of lime. The total number of 
passes will depend on the lime requirement, optimum 
moisture of the soil, and type of mixing employed. 
Windrow mixing with the grader generally requires 
several passes. 

Double Application of Lime. In some areas where 
extremely plastic, gumbo clay (PI of SO+) abounds, 
it may prove advantageous to add the requisite amount 
of lime iri two increments to facilitate adequate pul
verization and obtain complete stabilization. For 
example, 2 or 3 percent lime is added first, par
tially mixed, then the layer is sealed a:ild allowed 
to cure for up to a week. The remaining lime is then 
added preparatory to final mixing. The first appli
cation mellows the clay and helps in achieving final 
pulverization and the second application completes 
the lime-treatment process. 

Advantages and Disadvantages of Different Types of 
Application 

Listed below are some of the advantages and disad
vantages of the various lime application procedures. 

1. Dry Hydrated Lime. Advantages: (a) dry lime 
can be applied two or thxee times faster than a slur
ry; and (b) dry lime is very effective in drying out 
soils. Disadvantages: (a) dry lime produces a dust
ing proble1it, which makes its use undesirable in urban 
areas; and (b) the fast drying action of the dry lime 
requires an excess amount of water during the dry, 
hot seasons. 

2. Quicklime. Advantages: (a) more econom
ical as it contains approximately 25 percent more 
available lime; (b) greater bulk density so storage 
silos can be smaller in size; (c) faster drying ac
tion- in wet soils; (d) faster reaction with soils; 
and (e) due to faster drying, construction season 
can be extended, both spring and fall. Disadvantages: 
(a) field hydration less effective than commercial 
hydrators, producing a coarser material with poorer 
distribution in soil mass; (b) quicklime requires 
more water than hydrate for stabilization, which may 
present a problem in dry areas; and (c) greater sus
ceptibility to skin and eye bums. 

3. Slurry Lime. Advantages: (a) dust-free 
application is more desirable from an environmental 
standpoint; (b) better distribution is achieved with 
the slurry; (c) in the lime slurry method, the lime 
spreading and sprinkling operations are combined, 
thus reducing job costs; and (d) during summer 
months slurry application pre-wets the soil and min
imizes drying action. Disadvantages: (a) applica
tion rates are slower; high capacity pumps are re
quired to achieve acceptable application rates; (b) 
extra equipment is required and thus costs are higher; 
(c) extra manipulation may be required for drying pur
poses during cool, wet, humid weather, which could 
occur during the fall, winter, and spring construe-
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tion season; and (d) not practical for use with very 
wet soils. 

Pulverization and Mixing 

To obtain satisfactory soil-lime mixtures adequate 
pulverization and mixing must be achieved. For heavy 
clay soils two stage pulverization and mixing may be 
required while for other soils one stage mixing and 
pulverization may be satisfactory. Th.is difference 
is due primarily to the fact that the heavy clays are 
more difficult to break down. 

Two-stage Mixinf' Construction steps in two
stage mixing consist o preliminary mixing, moist 
curing for 24 to 48 hours (or more) and final mixing 
or remixing. The first mixing step distributes the 
lime throughout the soil, thereby facilitating the 
mellowing action. For maximum chemical action dur
ing the mellowing period, the clay clods should be 
less than 5 cm (2 inches) in diameter. Prior to mel
lowing the soil should be sprinkled liberally to 
bring it up to at least two percentage points above 
optimum moisture in order to aid the disintegration 
of clay clods. The exception to excess watering 
would be in cool, damp weather when evaporation is at 
a minimum. In hot weather, however, it may be diffi
cult to add too much water. 

After preliminary mixing, the roadway should be 
sealed lightly with a pneumatic roller as a precau
tion against heavy rain, since the compacted subgrade 
will shed water, thereby preventing moisture increases 
which might delay construction. Generally, in 24 to 
48 hours the clay becomes friable enough so that de
sired pulverization can be easily attained during final 
mixing. Additional sprinkling may be necessary during 
final mixing to bring the soil to optimum moisture or 
slightly above (Fig 37). In hot weather more than 
optimum moisture is needed to compensate for the loss 
through evaporation. 

Although disc harrows (Fig 38) and grader 
scarifiers are suitable for preliminary mixing, high
speed rotary mixers (Fig 39) or one-pass travel plant 
mixers (Fig 25) are required for final mixing. Motor 
graders are generally unsatisfactory for mixing lime 
with heavy clays. 

One-stage Mixing. Both blade and rotary mix
ing or a combination have been used successfully in 
projects involving granular base materials. However, 
rotary mixers are p.referre'd for more unifo1·m mixing, 
finer pulverization, and faster operati on. They are 
generally required for highly plastic soils which do 
not pulverize readily and for reconstructing w_om-out 
roads in order to pulverize the old .asphalt. 

Blade Mixing. When blade mixing is used in 
conj unction with dry lime, the material is generally 
bladed into two windrows, one on each side of the 
roadway. Lime is then spread on the inside of each 
windrow or down the center line of the road. The 
soil is then bladed to cover the lime. After the 
lime is covered, the soil is mixed dry by blading 
across the roadway. After dry mixing is completed, 
water is added to slightly above the optimum moisture 
content and additional mixing is performed. To assure 
thorough mixing by this method, the material should 
be handled on the mold board at least three times. 

When blade mixing is used with the slurry meth
od, the mixing is done in thin lifts which are bladed 
to windrows. One practice is to start with the mate
rial in a center windrow, then blade aside a thin layer 
after the addition of each increment of slurry, thereby 
forming side windrows. The wi~drowed material is then 
bladed back across the roadway and compacted, provided 
that its moisture content is at optimum. 
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A second practice is to start with a side wind
row, then blade a thin, 5-centimeter (2-inch) layer 
across the roadway, add an increment of lime, then 
blade this layer to a windrow on the opposite side 
of the road. On one job this procedure was repeated 
several times until all the material was mixed and 
bladed to the new windrow. Since by this time only 
half of the lime had been added, the process was re
peated, moving the material back to the other side. 
This procedure is admittedly slow, but it provides 
excellent uniformity. 

Rotary Mixing. When high-speed rotary mixers 
or one-pass travel plant mixers are used, the lime is 
generally spread evenly on the entire roadway, and 
mixing starts from the top down. Depending upon the 
type of equipment used and the soil involved, complete 
mixing can normally be accomplished in one to three 
passes. If needed, water is added during mixing to 
obtain the desired moisture content, generally op
timum. The water may be added by sprinkling trucks 
or by spraying into the mixing chamber of the mixer. 
The latter method has considerable merit, since the 
intimate contact of lime, water, and soil facili
tates chemical breakdown and pulverization. 

The traveling windrow-mixing type machine, 
conunonly refen·eu Lu as the soil-through-machine 
type, may also be used for one-stage mixing if ad
equate pulverization and mixing can be achieved in 
one pass. 

Central Mixing. Pre-mixing of lime with 
granular base materials is becoming popular on new 
c onstruction p1.·ojc:..:L:;;, po.i·Llcularly wJu~re submarg
inal gravels are utilized. Since the gravel has to 
be processed anyway to meet gr adati on specifications, 
it is a relatively simple matter for the contractor 
to install a lime bin, feeder, and pug mill at the 
screening plant. On one project a small pug mill 
was i nstalled at the head pulley of the collecting 
belt conveyor (Fig 28a) and at another operation a 
larger pug mill plant was utilized (Fig 28b). The 
jleneral practice is to add the optimum moisture flt 
the pug mill, thereby permitting immediate compac
tion after laydown. 

Pulverization and Mixing Requirements 

Pulverization and mixing requirements are generally 
specified in terms of percentages passing the 1-1/2-
inch or 1-inch screen and the No. 4 sieve. Typical 
r equirements are 100 percent passing the 1-inch and 
60 percent passing the No. 4, exclusive of non
slaking fractions. However, in some applications 
the requirements are relaxed. For example, the 
South Dakota Department of Transportation only r e
quires 100 percent passing the 1-1/2-inch screen 
with no requirement for the No. 4 sieve. Other 
specifications may only require 40 to 50 percent 
passing the No. 4 sieve. 

In certain expedient construction operations 
formal requirements are eliminated, and the "pulver
ization and mixing to the satisfaction of the en
gineer" type clause is employed. 

Comp action 

For maximum development of strength and durability, 
lime-soil mixtures should be properly compacted. 
Many agencies require at least 95 percent of AASHTO 
T-99 density for subbases and 98 percent for bases. 
Some agencies have required 95 percent AASHTO T-180 
maximum density. Although such densities can be 
achieved for more granular soil-lime mixtures, it 
is difficult to achieve this degree of compaction 
for lime-treated fine-grained soils. 

If a thick soil-lime lift is to be compacted 
in one lift, many specifications require 95 percent 
of AASHTO T-99 maximum density in the upper 15 to 
23 centimeters (6 to 9 inches) and lower densities 
are accepted in the bottom portion of the lift. To 
achieve high densities necessitates compacting at ap
proximately optimum moisture content with approved 
compactors. Granular soil-lime mixtures are gener
ally compacted as soon as possible after mixing, al
though delays of up to two days are not detrimental, 
especially if the soil is not allowed to dry out and 
lime is not allowed to carbonate. Fine-grained soils 
can also be compacted soon after final mixing, al
though delays of up to four days are not detrimental. 
When longer delays, e.g . , two weeks or more, cannot 
be avoided, it may be necessary to incorporate a 
small amount of additional lime into the mixture, 
e.g., 1/2 percent, to compensate for losses due to 
carbonation and erosion. 

Various rollers and layer thicknesses have 
been used in lime stabilization. The most common 
practice is to compact in one lift, using the sheeps
foot roller (Fig 40) until it "walks out," followed 
by a multiple-wheel pneumatic roller (Fig 41). In 
some cases, a flat wheel roller is used in finishing. 
Single lift compaction can also be accomplished with 
vibrating impact rollers (Pig 42) or heavy pneumatic 
rollers, with light pneumatic or steel rollers being 
used for finishing. When light pneumatic rollers 
are used alone, compaction is generally done in thin 
lifts, usually less than 15 centimeters (6 inches). 
Slush rolling of granular soil-lime mixtures with 
steel rollers is not recommended. 
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quired, particularly during hot, dry weather, 
pensate for evaporation losses. 

Curing 

be :re
to com-

Max imum development of str ength and durability also de
pends on proper curing. Favorable temperature and mois
ture conditions and the passage of time are required 
for curing. Temperatures higher than 4,4 to 10° C (40 
to 50° F) and moisture contents around optimum are con
ducive to curing. Although some specifications require 
a 3 to 7-day undisturbed curing period, other agencies 
permit the immediate placement of overlying paving 
layers if the compacted soil-lime layer is not rutted 
or distorted by the equipment. This overlying course 
maintains the moisture content of the compacted layer 
and is an adequate medium for curing. 

Two types of curing can be employed, moist and 
asphaltic membrane. In the first, the surface is kept 
damp by sprinkling (Fig. 43) with light rollers being 
used to keep the surface knitted together. In membrane 
curing, the stabilized soil i s either s ealed with one 
shot of cutback asphalt at a rate of about .45 to 1.1 
liters/sq m (0.10 to 0.25 gal/sq yd) within one day 
after rolling or primed with increments of asphalt 
emulsion applied several times during the curing pe
riod. A common practice is to apply two shots the 
first day, and one each day thereafter for four days, 
at a total rate of .45 to 1.1 liters/sq m (0.10 to 0.25 
0.25 gal/sq yd), The type of membrane used, amount, 
and number of shots vary considerably. Generally, it 
is difficult to apply more than 0.76 liters (0.2 gal) 
of asphalt prime because the lime scabilized layer is 
relatively impervious after compaction. 

Measurement and Payment 

Measurement and payment considerations in the contract 
documents are typically incorporated in the manner 
illustrated below. Particular attention should be 
given to the water item since abnormally large quan
tities are used in soil-lime construction operation. 



Figure 37. Watering of lime-treated clay on airport project-Kansas 
City, Missouri (Ref 9). 

Figure 39. Mixing with rotary mixers. 

Figure 38. Mixing with disc harrow. 

(a) Rotary mixers on project in Dallas County, 
Texas. 

(b) Train of rotary mixers on Dallas-Fort Worth Airport. 

Figure 40. Compacting lime-treated materials with sheepsfoot roller. 

(b) Double sheepsfoot roller. 

(a) Self-propelled sheepsfoot roller. 

Figure 41 . Pneumatic roller completes compaction of lime-cement
flyash base, Newark Airport. 
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Method of Measurement 

1. Lime to be measured in tons. 
2. Processing of the lime-treated layer to 

be measured by the square yard. 
3. Water used for mixing, compacting, fin

ishing, and curing to be measured in units of 4 cubic 
meters (1000 gallons). 

4. Bituminous materials used for curing 
seals to be measured by the ton or gallon. 

Basis of Payment 

1. Lime to be paid for at unit bid price 
per ton of material accepted in place. 

2. Processing of the lime-treated material 
to be paid for at the unit bid price per square yard 
of material completed in place. 

3. Water to be paid for at unit bid price 
per 0.38 cubic meters (100 gallons) of material 
used on the project. 

4. Bituminous membrane to be paid for at 
unit bid price per ton or gallon of material used 
for curing purposes. 

Field Quality Control 

Adequate quality control is essential to obtain a 
soil-lime mixture which will meet the stabilization 
objectives and provide the desirecl pe1·formance. 
There are many f actors which should be considered in 
th~ quality ""n-t-rnl nf «nil-lime t:tlllS Lruction. 

Factors typicaU y cons i <lere<l la soli-lime 
construction and procedures for field use are listed 
below. 

1. Depth of Lime Treatment. Since lime el
evates the pH of the soil, phenolphthaleir, a color
sensitive indicator solution can be sprayed on the 
soil to determine the presence of lime (Fig 44) . If 
lime is present, a reddish-pink color develops. 

2. Pulverization. The degree of pulveriza
tion attained in field mixing ic ovuluuted using se
lected sieve sizes. Most specifications are based 
on the I-inch and the No. 4 sieves. The processed 
material i s "dry s ieved" to determine the percent 
passing. Care should be taken to insure that the 
plus No. 4 material fraction is not really an ag
glomerated soil-lime mixture which can be easily 
broken down by a simple kneading action to pass the 
No. 4 sieve. 

3. Lime Spread Rate. Irr dry lime spr eading 
operations, t he spr ead rate is established in t erms 
of pounds of l ime per unit area of sur fac_e . A simple 
p1·ocedure for measur ing t he actual field spreadi ng 
rate is to p lace a 1-squa:i·e meter or I-square yard 
piece of canvas or other suitable material on the 
grudo and then after the lime hai been spread dA
termine the weight of lime on the 1 square meter or 
square yard. 

4. Slurry Composition. To accurately de
termine the quantity of lime slurry required to pro
vide a desired amount of lime solids, it is necessary 
to ,mow t!te slurry compo5jtion . ThA most convenient 
method of checking lime-slurry composition is to de
termine the specific gravity of the slurry, either 
by using a hydrometer or a volumetric-weight pro
cedure. 

5. Lime Content. Lime content is specified 
in all soil-lime construction. An ASTM procedure 
(ASTM D3155-73) has been developed for determining 
the lime content of uncured soil-lime mixtures. The 
procedure is rapid and easy to conduct. Other meth
ods of determining lime content are also used and 
are discussed in the proceeding section on design. 

6. Density. Conventional procedures, i.e., 
sand cone, rubber balloon, nuclear, (Fig 45) are 

used to determine the in-situ density of compacted 
soil-lime mixtures. It is very important to recog
nize that the proper moisture-density relation for 
the soil-lime mixture be used in the density control 
operation. The moisture-density relation for a soil
lime mixture may change relative to such factors as 
curing time. For example, if a soil-lime layer is 
reworked at some later date following initial con
struction the maximum dry density and optimum mois
ture content for the mixture probably will be differ
ent from the original mixture. 

7. Moisture Content . Conventional proced
ures, oven drying and nuclear methods (Fig 45) can 
be used for moisture determinations. In calibrating 
the nuclear equipment consideration should be given 
to the presence of the lime in the mixture. 

8. Mixing Efficiency. The thoroughness and 
efficiency of the field mixing operation is of in
terest. A simple procedure for evaluating mixing 
efficiency is: (a) secure a sample of the field 
mixed soil-lime material; (b) halve the sample; (c) 
pr epare strength specimens (unconfi ned strength is 
normally satisfactory) from one portion; (d) com
pletely "re-mix" the other portion of the field mix
ture to insure almost "100 per cent mixing;" (e) pre
pare strength specimens from the "re-mixed" matel'ial; 
(f) cure both sets of strength specimens and test 
them; and (g) calculate the mixing efficiency, as 
follows: mixing efficiency, % = field mixed strength/ 
lab mixed strength x 100. For mi xed in-p l ace opera
tions mixing efficiencies normally range from 60 to 80 
percent. In some types of soi l-li me mixing operat ions 
lower v a.iue~ may be uccuptub le. 

Specification References 

Many agencies have developed specifications and spec
ial provisions for soil-lime construction . A compre
hensive listing ot current specifications and special 
provisions is presented below. 

1. AASHTO - Guide Specifications for Highway 
Conitruction, 196R, (SA~. ~07 on lime-treated sub
grade). 

2. U. S. Department of Transportation (FAA) 
150/5370A "Standard Specifications for Construction 
of Airports," Item P-155 "Lime-Treated Subgrade," 
May 1968. 

3. U. S. Corps of Engineers, "Engineeri ng 
and Design Manual - Soil Stabilization f or Roads and 
Streets" (also AFM 88-7, Chapter 4), June 1969 . 

4. u. S. Corps of Engineers, "Guide Specifi
cation for Military Construction - Lime Stabilized 
Base Course, Subbase or Subgrade for Roads and 
Streets," CE 807. 32, December 1961 (partly revised 
Februar y 1971). 

5. National Lime Association, "Lime Stabil
i zat.i on r:onstruction," Bulletin 326, 1972. 

6. State Specifications or special provisions 
for the following states: Alabama, Arkansas, Arjzona, 
Californ_ia, Colorado, Florida, Georgia, Idaho, Illi
nois, Iowa, Kansas, Louisiana, Maryland, Minnesota, 
Mississ i pp i, Missouri, Nebraska, New Mexico, New 
Yol'k, North Carolina, North Dakota, Ohio, Oklahom a, 
Oregon, South Dakota, Tennessee, Texas, Utah, Vir
ginia, Wisconsin, Wyoming, etc. 

Field Variability 

Compl ete soil-lime construction will display varia
tions in engineering properties such as strength 
and modulus of elasticit y. Such variability is typ
ical of all field construction operations. Major 
factors contributing to field variability in soil
lime construction are: 

1. variations in properties of the soil en
countered along the grade, 



Figure 42. Vibrating roller completes compaction of subgrade-Virginia. 

Figure 43. Moist curing of lime stabilized subgrade-Blytheville, 
Arkansas. 

Figure 44. Checking uniformity of mixing with 
phenolphthalein solution. 

Figure 45. Determination of moisture and density with nuclear 
gauge-Wisconsin. 
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2. variability in lime spreading and distri-
bution, 

3. variability in pulverization and mixing, 
and 

4. moisture and density variations in the 
compacted soil-lime layer. 

As indicated in the Field Quality Control Sec
tion, it is essential to monitor all aspects of soil
lime construction to assure that the desired quality 
of construction is secured and an acceptable level of 
uniformity is achieved (Fig. 44). 

Summary 

This section attempts to desc.ribe and summarize mod
ern soil-lime construction procedures and equipment. 
It is anticipated that these procedures will change 
rapidly as new pieces of equipment and new uses for 
lime are developed. Nevertheless, it is felt that 
this section provides a comprehensive summary and 
description of lime stabilization construction at the 
time this report was prepared. 

REFERENCES 

1. Ahlberg, H. L., and E. J. Barenberg, "Pozzolanic 
Pavements", University of Illinois, Engineering 
Experiment Station, Bulletin 473, February 1965. 

2. Anagnos, J. N., and Thomas W. Kennedy, "Practical 
Method of Conducting the Indirect Tensile Test," 
Research Report 98-10, Center for Highway Re
s~an:h. TI1e U11 iv"' 1·!. i Ly ,-,r Te,:as at Austin, 
August 1972. 

3. Anday, M. C., "A Laboratory and Pield Investiga
tion of Some Virginia Soils for Lime Stabiliza
tion," ASTM Soil Testing Symposium, June 1967. 

4. Anday, M. C., "Curing Lime Stabilized Soils," 
Highway Research Record No. 29, Highway Research 
Board, 1963. 

5. Anday, M. C., "Progress Report No. 4 - Base and 
Subgrade Stabilization Experiments," Virginia 
Council of Highway lnvestigation and Research, 
January 1960. 

6. "!lase and Subgradc Stabilization with Lime," 
(Nebraska), Rural Roads, August 1960. 

7. "Compaction and Lime Stabilization," Highway 
Research Record No. 235, Highway Research Board, 
1968. 

8. "Hydrated Lime Stabilizes Clay Fill in Florida," 
Engineering News-Record, May 14, 1964. 

9. "Lime Bolsters Poor Airfield Subgrade, Speeds 
Paving Schedule," (Missouri), Roads and Streets, 
August 1967. 

10. "Lime is a Problem Solver with Wisconsin Glacial 
Subgrades," Roads and Streets, March 1966. 

11. "Lime Stabilization for Street Construction," 
1~6:, APWA Yearbook. 

12. "Lime Stabilization: Properties, Mix Design, 
Construction, Practices, and Performance," 
Bulletin 304, Highway Research Board, 1961. 

13. "Lime Stabilization Turns Bad Clay into Paving 
Platform," (North Dakota), Roads and Streets, 
August 1968. 

14 . "Lime Stabilized Embankment Gives Extra Paving 
Time," (Louisiana), Roads and StrP.P.ts, necemher 
1971. 

15. "Make a Job Routine to Make it Easy," (South 
Dakota), Roads and Streets, January 1974. 

16. "Novel Lime Slurry Plant Streamlines Stabiliza
tion," (Texas), Rural and Urban Roads, March 
1971. 

17. "Preconditioning and Stabilizing Soils by Lime 
Admixtures," Bulletin 262, Highway Research 
Board, 1960. 

18. "Quicklime Stabilizes Canal Lining, t1 (California) 
Roads and Streets, January 1975. 

19. "Recommended Lime Stabilization Practices," 
Circular 448, Highway Research Board, August 
1961. 

20. "Specifications for and Techniques of Construc
tion of Lime Stabilized Courses," 50th Annual 
AASHO Meeting, Atlanta, Georgia, December 1964. 

21. "Three Jobs Show Lime's Versatility," (South 
Dakota), Roads and Streets, April 1964. 

22. Arizumi, Akira, Takamasa Maki, and Masao Oba, 
"On Stabilization of Kanto Loam (Allophanic 
Clay) by Means of Lime-Gypsum Admixture," Annual 
Report of Roads 1962, Japan Road Association, 
Tokyo, pp. 22-31. 

23. Arkosi, Klara, "Electron-microscope Investiga
tion of Latently Hydraulic Binding Agents," 
Zement-Kalk-Gips, Vol. 12, No. 9, 1959, pp. 414-
418. 

24. Arman, Ara, and G. Munfakh, "Stabilization of 
Organic Soils with Lime," Louisiana State Uni
versity, Engineering Research Bulletin No. 103, 
1970. 

25. Aufmuth, Raymond E., "Strength and Durability 
of Stabilized Layers under Existing Pavement," 
Construction Engineering Research Laboratory 
(Department of the Army) Technical Report M-4, 
October 1970. 

26. Barnaby, Cmdr. Neel G., "Lime Stabilization Ex
pedites Work on Runway at NAAS, Meridian, Missis
sippi," Navy Civil Engineer, December 1961. 

27. Berman, Sidney, "Lime Tames Wet Clay for Early 
Spring Start, t1 (Illinois) , Roads and Streets, 
January 11,16:5, 

28. Bernal, J. U., "The Structures of Cement Hydra
tion Compounds," Proceedings, Third Tnternational 
Symposium of Chemistry of Cement, London, 1952, 
pp. 216-236. 

29. Boynton, R. S., "Lime Stabilization Experiences 
in the U. S. ," International Lime Conference, 
Salzburg, Austria, May 1970. 

30. Brunauer, S., "Tobermorite Gel - The Heart of 
Concrete," American Scientist, Vol. 50, 1962, 
pp. 210-229. 

31. Butt, Yu M., and L. N. Rashkovich, "Reaction of 
Silica with Hydroxides of Calcium and Magnesium 
under Hydrothermal Conditions," Shur. Priklad, 
Khim., Vol . 32, 1959, pp. 1186-92 . 

32. Cawthon, Frank F., "Soil-Lime Stabilization of 
a Very Active Clay," (Texas), Rural Roads, 
November-December 1957. 

33. Clark, Clyde, "Mississippi's Experiences with 
Lime-Treated Soi ls," SASHO A."lnual Meeting, 
Biloxi, Mississippi, November 1960. 

34. Croft, J. B., "The Processes Involved in the 
Lime-Stabilization of Clay Soils," Proceedings, 
ARRB, Vol. 2, Part 1, 1964, pp. 1169-1200. 

35. Dawson, R. F., and Chester McDowell, "A Study 
of Limo Stabilized Gravel Base," Bulletin 304, 
Highway Research .Board, 1961. 

36. Dempsey, B. J., and M. R. Thompson, 11 Du1·ability 
Properties of Lime-Soil Mixtures," Highway Re
search Record No. 235, Highway Research Board, 
1968. 

37. Dompaoy, B. J., and M. R. Thompson, "Shrinkagti 
and Swell Properties of Lime-Soil Mixtures," 
Civil Engineering Studies, Highway Engineering 
Series No. 29, Illinois Cooperative Highway Re
search Program, Series No. 94, University of 
Illinois, April 1969. 

38. Dirun.ond, Sidney, and Earl B. Kinter, "Mechanisms 
of Soil-Lime Stabilization, An Interpretive Re
view," Public Roads, Vol. 33, No. 12, 1966, 
p. 260. 

39. Diamond, Sidney, and Earl B. Kinter, "Mechanisms 
of Soil-Lime Stabili6ation, An Interpretive Re
view," Highway Research Record No. 92, Highway 
Research Board, 1965. 



40. Diamond, Sidney, and Earl B. Kinter, "Absorption 
of Calcium Hydroxide by Montmorillonite and Kao
linite, 11 Journal of Colloid and Interface Sci
ence, Vol. 22, No. 3, 1966, pp. 240-249. 

41. Diamond, Sidney, J. L. White, and W. L. Dolch, 
"Transformation of Clay Minerals by Calcium Hy
droxide Attack," Proceedings, 12th National Con
ference on Clays and Clay Minerals, Pergamon 
Press, New York, 1964, pp. 359-379. 

42. Dumbleton, M. J., "Investigations to Assess the 
Potentialities of Lime for Soil Stabilization in 
the United Kingdom," Road Research Laboratory, 
England, Technical Paper No. 64, 1962. 

43. Eades, J. L., "Reactions . of Ca(OH)z with Clay 
Minerals in Soil Stabilization," Ph.D. Thesis, 
Geology Department, University of Illinois, 1962. 

44. Eades, J. L., and R. E. Grim, "A Quick Test to 
Determine Lime Requirements for Lime Stabiliza
tion," Highway Research Record No. 139, Highway 
Research Board, 1966. 

45. Fossberg, P. E., "Some Deformation Characteris
tics of a Lime-Stabilized Clay," Highway Research 
Record No. 263, Highway Research Board, 1969, 
pp. 19-26. 

46. Fuller, Maynard G., and Gordon W. Dabney, "Sta
bilizing Weak and Defective Based with Hydrated 
Lime," Roads and Streets, March 1952. 

47. Funk, H., and B. Fahlke, "Chemical Research on 
Silicates 30, the Tuo Hydration Mechanism·s of 
Dicalcium Silicate (CaiSi04), Leading to the 
Formation of Calcium Silicate Hydrate (Tobermor
ite phase), z. anorg. Chem. 334 (1/2) 99-108, 
1964. 

48. Gates, Clyde G., "California's Experiences with 
Lime Treatment of Soils and Aggregates," 5th 
Annual Highway Conference, University of the 
Pacific, Stockton, California, March 1962. 

49. Goldberg, I., and A. Klein, "Some Effects of 
Treating Expansive Clays with Calcium Hydroxide," 
American Society for Testing and Materials, Spec
ial Technical Report No. 142, 1952. 

SO. Grim, R. E., Clay Min~ralogy, McGraw-Hill, New 
York, 1953. 

51. Gromatzky, W. C., "Lime Modification of Subgrades, 
Subbases," (Texas), Construction News, March 6, 
1963. 

52. Gutschick, Kenneth A., "Expedite Construction 
with Lime Stabilization," Modern Highways, June 
1958. 

53. Harty, J. R., "Factors Influencing the Lime Reac
tivity of Tropically and Subtropically Weathered 
Soils," Ph.D. Thesis, Department of Civil Engin
eering, University of Illinois, Urbana, Illinois, 
1970. 

54. Harty, J, R., and M. R. Thompson, "Lime Reactiv
ity of Tropical and Subtropical Soils," Highway 
Research Record No. 442, Highway Research Board, 
1973. 

55. Herzog, A., and J. K. Mitchell, "Reactions Accom
panying Stabilization of Clay with Cement," High
way Research Record No. 36, Highway Research 
Board, 1963, pp. 146-171. 

56. Holtz, W. G., "Volume Change in Expansive Clay 
Soils and Control by Lime Treatment," paper pre
sented at the Second International Research and 
Engineering Conference on Expansive Clay Soils, 
Texas A&M University, College Station, Texas, 
August 1969, 

57. Highway Research Board Lime Stabilization Com
mittee, "Stabilization of Soils with Lime, Lime 
Fly Ash and Other Lime Reactive Materials," 
Bulletin 231, Highway Research Board, 1959, 

58. Robnett, Q. L., G. S. Jamison, and M. R. Thomp
son, "Technical Data Base for Stabilization of 
Deep Soil Layers," Technical Report AFWZ-TR-70-84, 
Air Force Weapons Lab, Kirtland AFB, New Mexico, 

29 

April 1971. 
59. Kalousek, George L., "Tobermorite and Related 

Phases in the System CaO-SiOz-Hz0, 11 Journal of 
the American Concrete Institute, Vol. 26, No. 10, 
1955, pp. 989-1011. 

60. Keller, W. D., The Principles of Chemical Weath
ering, Lucas Brothers Publishers, Columbia, 
Missouri, 1957. 

61. Kelley, C. M., "Lime Stabilized Base," 2nd Rigid 
Paving Conference, University of New Mexico, 
Albuquerque, New Mexico, December 1963. 

62. Kreusel, Ed, "Lime Stabilization Expedites Con
struction of SAC Jet Runway," ARBA Technical 
Bulletin 239, 1959. 

63. Liu, T. K., and M. R. Thompson, "Variability of 
Some Selected Laboratory Tests," Proceedings, 
National Conference on Statistical Quality Con
trol Methodology in Highway and Airfield Con
struction, University of Virginia, Charlottes
ville, November, 1966. 

64. Lowrie, Charles R., "Use of Hydrated Lime in 
Highway Construction," 37th Annual University of 
Colorado Highway Engineering Conference, Febru
ary 1964. 

65. Lund, 0. L., and W. J. Ramsey, "Experimental 
Lime Stabilization in Nebraska," Bulletin 231, 
Highway Research Board, 1959. 

66. Marshall, Bryant P., and Thomas W. Kennedy, 
"Tensile and Elastic Characteristics of Pavement 
Materials," Research Report 183-1, Center for 
Highway Research, The University of Texas at 
Austin, January 1974. 

67. Maxwell, A. A., and A. H. Joseph, ''Vibratory Study 
of Stabilized Layers of Pavement in Runway at 
Randolph Air Force Base," Proceedings, Second 
International Conference on the Structural Design 
of Asphalt Pavements, University of Michigan, 
Ann Arbor, Michigan, 1967. 

68. McDonald, E. B., "Experimental Stabilization Ex
pansive Shale Clay - Lyman County," Four Year 
Report, South Dakota Department of Highways, 
Pierre, South Dakota, 1969. 

69. McDonald, E. B., "Experimental Stabilization of 
the Pierre Shale, Project F 039-1(1) Lyman County, 
South Dakota," Final Report, South Dakota Depart
ment of Highways, April 1969. 

70. McDonald, E. B., "Lime Research Study - South 
Dakota Interstate Routes,", Four Year Report, 
South Dakota Department of Highways, December 
1969. 

71. McDonald, E. B., "Lime Research Study - South 
Dakota Interstate Routes (Sixteen Projects)," 
South Dakota Department of Highways, December 
1969. 

72. McDowell, Chester, "An Evaluation of Soil-Lime 
Stabilization Mixtures," Highway Research Record 
No, 139, Highway Research Board, 1966. 

73. McDowell, Chester, "Design and Construction of 
Sub bases and Foundations for Pavements," Trans
portation Research Record No. 537, Transporta
tion Research Board, 1975. 

74. McDowell, Chester, "Development of Lime Stabili
zation for Improvement of Load Capacities of 
Pavements," paper presented at 29th Annual High
way Short Course, Texas A&M University, College 
Station, Texas, March 29-April 1, 1955; Founda
tions for Pavements and Height-Weight Structures, 
Part II: Reducing Volume Change and Strengthen
ing of Clay Soil Foundations, Article 7, 1966. 

75. McDowell, Chester, "Flexible Pavement Design 
Guide," Bulletin 327, National Lime Assor:iation, 
1972. 

76. McDowell, Chester, "Progress of Lime Stabiliza
tion in Texas," paper presented at the Annual 
Convention of the National Lime Association, May 
23-25, 1960; Foundations for Pavements and Height-



30 

Weight Structures, Part II: Reducing Volume 
Change and Strengthening of Clay Soil Founda
tions, Article 8, 1966, 

77. McDowell, Chester, "Stabilization of Soils with 
Lime, Lime Fly Ash, and Other Lime Reactive Ma
terials," Bulletin 231, Highway Research Board, 
1959, 

78. Miller, S. P, Thomas W. Kennedy, and W. R. Hud
son, "Evaluation of Factors Affecting the Tensile 
Properties of Lime-Treated Materials," Research 
Report 98-4, Center for Highway Research, The 
University of Texas at Austin, March 1970. 

79. Mitchell, James K., and Sid Ahmed El Jack, "The 
Fabric of Soil Cement and Its Formation," Clays 
and Clay Minerals, Proceedings of the 14th Con
ference, Pergamon Press, New York, 1966, pp. 
297-305. 

80. Moh, Z. C., "Reactions of Soil Minerals with 
Cement and Chemicals," Highway Research Board 
Record No. 86, Highway Research Board, 1965, 
pp. 39-61. 

81. Moore, R. K., and Thomas W. Kennedy, "Tensile 
Behavior of Subbase Materials Under Repetitive 
Loading," Research Report 98-12, Center for 
Highway Research, The University of Texas at 
Austin, October 1971. 

82. Moore, R. K., Thomas W, Kennedy, and J, A. Kozuh, 
"Tensile Properties for the Design of Lime-Treated 
Materials," Highway Research Record No. 351, High
way Research Board, 1971. 

83. Neighbors, Frank, "Lime Stabilization in Arkan
sas," Arkansas Highway Short Course, Fayette-
v1 !le •. A.rknn~ClS; M0:.rch 19tiS. 

84. Neubauer, C. H., Jr., and M. R. Thompson, "Sta
bility Properties of Uncured Lime-Treated Fine 
Grained Soils," Highway Research Re-::ord No. 381, 
Highway Research Board, 1972. 

85. Ormsby, W. C., and L. H. Bolz, "Microtexture and 
Composition of Reaction Products in the System 
Kaolin-Lime-Water," Journal of the American 
Ceramic Society, Vol. 49, No. 7, 1966, pp. 364-
366. 

86. Ormsby, W. C. , and Sidney Diamond, "Effect of 
Ca(OH) 2 on the Flow Properties of Montmorilonite
Water Systems," Trans. Br. Ceram. Soc., Vol. 65, 
No. 9, 1966, pp. 535-558. 

87. Ormsby, W. C., and E. B. Kinter, "Kaolin-Lime
Water Systems, Part 1 - Strength and Rheological 
Properties," Public Roads, Vol. 36, No. 2, 1968, 
pp. 37-44. 

88. Ormsby, W. C., and E. B. Kinter, "Strength De
velopment and Reaction Products in Lime-Montmor
illonite-Water Systems," Federal Highway Admin
istration Report No. FHWA-RD-72-31, Sept. 1972. 

89 . Robnett, Q. L., and M. R. Thompson, "Recommenda
tion for Stabilization of Illinois Soils," Uni
versity of Illinois, Eng. Exp. Station, Bulletin 
502, 1970. 

90. Rollins, Albert W., "Economical Street Construc
tion with Lime Stabilization," (Texas), Public 
Works, January 1963. 

91. Ruff, C. G., and C. Ho, "Time-Temperature
Strength-React.i on Product Relationships in Lime
Bentonite-Water Mixtures," Highway Kesearch 
Record No. 139, Highway Research Board, 1966, 
pp. 42-60. 

92. Sanders, L. Dean, and W. J. Smothers, "Effect of 
Tobermorite on the Mechanical Strength of Auto
claved Portland Cement-Silica Mixtures," Journal 
of the American Concrete Institute, Vol. 29, 
No. 2, 1957, pp. 127-139. 

93. Sloane, Richard L., "Early Reaction Determina
tion in Two Hydroxide-Kaolinite Systems by Elec
tron Microscopy and Diffraction," Clays and Clay 
Minerals, Proceedings of the 13th Conference, 
Pergamon Press, New York, 1965, pp. 331-339. 

94. South Dakota Department of Highways, "Lime Sta
bilization Construction Inspection Manual," 1973. 

95. Stocker, P. T., "Diffusion and Diffuse Cementa
tion in Lime and Cement Stabilized Clayey Soils," 
Special Report No. 8, Australian Road Research 
Board, 1972. 

96. Swanson, T. E., and M. R. Thompson, "Flexural 
Fatigue Strength of Lime-Soil Mixtures," Highway 
Research Record No. 198, Highway Research Board, 
1967. 

97. Taylor, W. H., Jr., and Ara Arman, "Lime Stabil
ization Using Pre-Conditioned Soils, 11 Bulletin 
262, Highway Research Board, 1960, 

98, Thompson, M. R., "Deep-Flow Lime Stabilization 
for Pavement Construction," Journal, Transporta
tion Division, ASCE, Vol. 98, No. TE-2, May 1972. 

99. Thompson, M. R., "Engineering Properties of Lime
Soil Mixtures, 11 Journal of Materials, Vol. 4, 
No. 4, American Society for Testing and Materials, 
December 1969. 

100. Thompson, M. R., "Factors Influencing the Plas
ticity and Strength of Lime-Soil Mixtures," Bul
letin 492, Engineering Experiment Station, Uni
versity of Illinois, 1967. 

101. Thompson, M. R., "Lime Reactivity of Illinois 
Soi ls," .Tournal, Soil Mechanics and Foundations 
Division, ASCE, Vol. 92, No. SMS, Sept. 1966. 

102. Thompson, M. R., "Lime Stabilization of Soils for 
Highway Purposes - Final Report," Illinois High
way Engineering Series No. 25, December 1968. 

103. Thompson, M. R., "Shear Stre'ngth and Elastic 
Properties of Lime-Soi 1 Mixtures," Highway Re
~tHu·,:.11 Rt"·'" ,1 Nn. 1:19, llighway Rc3cnrch Board, 
1966. 

104. Thompson, M. R., "Suggested Method of Mixture De
sign Procedure for Lime-Treated Soils," American 
Society for Testing and Materials, Special Tech
nical Publication 479, Special Procedures for 
Testing Soil ,mci Rock for Engineering Purposes, 
1970. 

105. Thompson, M. R., "The Split-Tensile Strength of 
Lime-Stabilized Soils," Highway Research Record 
No. 92, Highway Research Board, 1966. 

106, Thompson, M. R., "Soil Stabilization for Pave
ment Systems - State of the Art," Technical lh

port, Department of the Army, Construction En
gineering Research Laboratory, Champaign, Illi
nois, March 1970, 

107. Thompson, M. R., and B. J. Dempsey, "Autogenpus 
Healing of Lime Soi 1 Mixture," Highway Research 
Record No. 263, Highway Research Board, 1969, 
pp. 1-7. 

108. Thompson, M. R., and J. L. Eades, "Evaluation of 
Quick Test for Lime Stabilization," Journal of 
the Soil Mechanics and Foundation Division, ASCE, 
Vol. 96, No. SM2, March 1970. 

109. Tulloch, W. S., II, W. R. Hudson, and Thomas W, 
Kennedy, "Evaluation and Predi1.:LluJ1 uf the Tens
ile Properties of Lime-Treated Materials," Re
search Report 98-5, Center for Highway Research, 
The University of Texas at Austin, June 1970. 

110. Van Ganse, Rene F., "Immediate Amelioration of 
Wet Cohesive Soils by Quicklime," Transportation 
kesearch Record 501, Tra.11~vurLaLlun Research 
Board, 1974, pp. 42-50. 

111. Vincent, W. C., "Roaci-on-a'-'Raft C:rosses Swamp," 
(Louisiana), Roads and Streets, April 1960. 

112. Wang, Jerry W. H., and R, L. Handy, "Role of MgO 
in Soil-Lime Stabilization, 11 Highway Research 
Board Special Report No. 90, Symposium on Struc
ture of Portland Cement Paste and Concrete, 1966. 

113. Wright, P. J., "Lime Slurry Pressure Injection 
Tames Expansive Clays," Civil Engineering, Oc
tober 1973; Rebuttal by E. Graf and Counter
rebuttal by K. A. Gutschick, Civil Engineering, 
July 1974. 



114. Zube, Ernest, "LiJile Stabilization of Soils for 
Highway Construction in California," National LiJile 
Association Proceedings, April 1963. 

SPONSORSHIP OF THIS CIRCULAR 

GROUP 2--DESIGN AND CONSTRUCTION OF TRANSPORTATION 
FACILITIES 
Eldon J. Yoder, Purdue University, chairman 

COMPACTION AND STABILIZATION SECTION 
Eugene B. McDonald, South Dakota Department of 
Transportation, chairman 

Committee on Lime and Lime-Fly Ash Stabilization 
Marshall R. Thompson, University of Il linois at 
Urbana, Champaign, chairman 
Mehmet C. Anday, James L. Eades, C. W. Heckathorn, 
Thomas W. Kennedy, B. Dan Marks, Chester McDowell, 
W. C. Ormsby, Joseph H. Pound 

John W. Guinnee, Transportation Research Board staff 

The organizational units and the chairmen and members 
are as of April 1, 1976. 

31 




