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SECTION I :
by
INTRODUCTION TO SOIL STABILIZATION cﬂy
& l.:‘:
]
oy
A. PURPOSE wh
’ This manual provides the fundamental concepts of chemical =3
soil stabilization so that the user may: ,J
C'\,"-
1. Evaluate soil stabilization as a pavement construction ‘Qs
alternative, "
X
2. Determine the type and quantity of stabilizer required .
for a particular soil used as a subgrade, subbase or base layer, oy
(N,
3. Determine the required thickness of the stabilized layer .
in the pavement system, A
",
4, Construct stabilized pavement layers or direct their .
construction, and W
N
5. Inspect and control the quality of stabilized pavement N
layers. G
B. SCOPE " e
N
This chapter is limited to the stabilization of soil and N
aggregate systems with additives or stabilizers in both airfield Ryl
and roadway systems. Specifically, lime, cement, lime-fly ash, K
asphalt and combinations of these stabilizers will be discussed. &
Mechanical stabilization is treated only insofar as it applies to "
stabilization with the use of additives. The reader will be 7
provided the information to: :i'
LY
1. Select the proper stabilizer, :J,
A
2. Design a stabilized soil mix to provide strength and “f
durability, -
J‘,"
3. Design the thickness of the stabilized layer or layers as ;2,
part of a structural pavement system, P
'’
4, Identify construction sequences and methods for soil 7
* stabilization operations, - @
N,
5. Prepare specifications for soil stabilization operations ;}
and :i
. %
6. Prepare quality control methods for soil stabilization ~
operations. Y
9
3
1 a3
s

-«

s | e R 'a L% % 1% j % } Y% ]
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C. USING THE MANUAL

The Purpose and Scope of this manual as discussed in
paragraphs A and B span a wide range of objectives. The
successful accomplishment of each individual objective is vital
to the success of the end product - a functional stabilized soil
or aggregate pavement layer., The readers of this manual are
varied in background but, are bound by the objective of producing
a successful product.

1. The Reader

The users of this manual may fall into any of the
following categories:

a. Operations and Maintenance Engineering Officer,
b. DNesign Engineering Officer,
¢. Construction Management Inspector,
d. Engineering Planner or Programmer,
e. Laboratory Engineering Technician or
f. Construction Specialist.
2. Reader's Objective

The specific objective of each reader will be to gather
the information necessary to perform his task and to properly
sequence this task. This paragraph is a yuide to the reader,
Fiqures 1 through 8 are flow diagrams which explain how the
manual can be most effectively used to fulfill a specific reader
objective. Of course, the reader's objective may combine two or
more of the objectives described herein.

3. Intent of Manual

This manual provides a comprehensive treatment of soil
stabilization. To include 1ime, cement, asphalt, fly ash and
combination stabilizers. However, like all manuals, it cannot
function as a comprehensive reference on supplementary topics
such as thickness design, construction techniques, quality
control, cost and economic analysis, etc.

The paragraphs explaining related material in the
sections supplementary are referenced throughout the text and
will aid the reader, Air Force and Department of Defense
Manuals, Regulations and Standards are used where even possible.

LAY -.~.-. LU n.‘\ .
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D. ADVANTAGES OF STABILIZATION Sg;

- Soil stabilization may be used to provide the following 23
engineering advantages. _g}

1. Functions as a working platform (construction .q?

“ expediency), 03
2. Reduces dusting, :ﬂ

3. Waterproofs the soil, Ei.

4. Upgrades marginal aggregates or soils, b

5. Improves strength, ;:

6. Improves durability, i:l

7. Controls volume changes of soils, Sl;

8. Improves soil workability, Eﬁ

9. Dries wet soils, ;E

10. Reduces pavement thickness requirements, ggi

11. Conserves aggregates, }.:

12, Reduces construction and haul costs, ;ig

13. Conserves energy and Eéf

14, Provides a temporary or permanent wearing surface. 3

E. PAVEMENT IMPROVEMENT CONSIDERATIONS E;;

The decision criteria for use of stabilized soils in a ;E

pavement system should include consideration of the following ad

(see Section VIII for pavement design considerations):

1. The pavement should limit subgrade stresses and deflec- n
tions to preclude rutting and plastic deformation, W
[} t
M
. 2. The structure should provide necessary support to the 0 ,
wearing course to limit transient deflections and retard fatique -
cracking, NN
1
a 3. Aworking platform must often be provided to expedite o)
construction. (An example of the function is the use of lime to hp
provide a firm, dry surface for construction in areas of &Q
excessively wet natural subgrades. This technique proved g
successful in the Mekong Delta and at Dallas-Fort Worth Regional S
Airport.), and >
bt
11 \
=%
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4, An impermeable base course which would prevent moisture
changes in the subgrade may be desirable. (However, if a high
degree of saturation is attained in an unbound base or subbase
course, it should be sufficiently permeable to prevent excess
pore pressure buildup under repeated wheel loadings. This could
lead to loss of stability.)

F. TYPES OF STABILIZATION:
1. Mechanical

The most common and normally least expensive method of
stabilization is mechanical. Compaction is one type of mechani-
cal stabilization which increases the soil or aggregate shear
strength by moving the particles close together under load and/or
vibration at favorable soil moisture contents. The advantages of
mechanical stabilization are limited by the amount of particle
interlocking that can be achieved. Generally, the soil strength
is increased by increasing the angle of internal friction without
affecting the cohesion.

2. Blending

The second type of mechanical stabilization involves
blending of aggregates, binder or combinations of both with local
material to improve engineering strength and durability
properties. The addition of fine-grained binder will fill voids
and increase shear strength. However, too much binder will
decrease permeability. This can cause weakening or softening of
the pavement layer involved due to a buildup in pore pressures
when saturated and lead to loss of fines through pumping. This
results in strength loss and pavement deterioration.

3. Additive

This is the altering of soil properties by using chemical
additives which can change the surface molecular properties of
the soil grain and in some cases cement the grains together. In
this chapter, additive stabilization refers to stabilization with
lime, cement, lime-fly ash, asphalt and any combination of these
stabilizers. In the cases of lime, cement and lime-fly ash, an
actual chemical reaction may occur between the binder and the
soil in the presence of water resulting in increased shear
strength by a cementing action. Asphalt, on the other hand,
coats the individual grains, protecting them from the environ-
ment, and binds them together, increasing stength through added
cohesion, Determination of the percentages of additives depends
on the soil classification and degree of improvement desired.
Generally, smaller amounts of additives are required when it is
simply desired to alter soil gradation, plasticity, workability,
etc,, than when it is desired to improve the strength and durabi-
Tity sufficiently to permit pavement thickness reduction.

12
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G. DEFINITIONS %
1. General Definitions ﬂﬁt:
{ Rk
a. Soil (Earth). Sediments or other unconsolidated )
accumulations of solid particles produced by the physical and k§§
chemical disintegration of rocks, and which may or may not con- L0
tain organic matter (ASTM D-18). i
b. Soil Stabilization. Chemical or mechanical treatment
designed to increase or maintain the stability of a mass of soil T
or otherwise to improve its engineering properties (ASTM D-136). -§ q
c. Chemical Stabilization. The altering of soil proper- -
ties by use of certain chemical additives which, when mixed into ool
a soil, often change the surface molecular properties of the soil Sﬁ:
grains and sometimes cement the grains together resulting in ng
strength increases. :; ,
wi
d. Mechanical Stabilization. The alteration of soil ;
properties by changing the gradation of the soil by the addition S04
or removal of particles or by densifying or compacting the soil. 'y}
..L"i ,
e. Aggregate. A granular material of mineral composition o3
such as sand, gravel, shell, slag, or crushed stone, used with a 2T,
cementing medium to form mortars or cement, or alone, as in base i
courses, railroad ballasts, etc. A
¢:':0~
f. AASHTO. An abbreviation used to designate the Ameri- :}:f
can Association of State Highway and Transportation Officials. “:“'
The name of the group was recently changed to the American Assoc- S,
iation of State Highway Officials (AASHO), and the current abbre- pl
viation is also used. Y
"N"
g. ASTM. An abbreviation used to designate the American $~ﬁ,
Society for Testing and Materials. L
‘A
WA
2. Definitions Associated with Lime Stabilization: s,
a. Lime. A1l classes of quicklime and hydrated 1ime, i
. . . 4. [
both calcitic (high calcium) and dolomitic (ASTM C-593). e
N
.S
b. Lime-Modified Soils. Mixtures of lime and soil that S a
are either not fully cured or where the soil is not lime- ",
- reactive. The soil is modified in that a plasticity reduction -
and agglomeration of particles results, pane
Avs
¢c. Lime Soil Mixtures. Mixtures of lime and soil in the '
presence of moisture where the soil-lime system results in a '|%
cementitious reaction. The result is strength gain with time, %&
d. Lime Reactive Soil. Fine-grained soils that possess =
the potential for a cementitious reaction with lime, ~:\\
) 7
o
'f:
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3. Definitions Associated with Lime-Fly Ash Stabilization:

a. LFA. An abbreviation used to designate a mixture of
lime-f1y ash-aggregates.

b. LCFA. An abbreviation used to designate a mixture of
lime- and cement-fly ash aggregates.

c. LFS. An abbreviation used to designate a mixture of
lime-fly ash and soil.

4, Definitions Associated with Portland Cement Stabilization:

a. Portland Cement. A hydraulic cement produced by pul-
verizing cTinker consisting essentially of hydraulic calcium
silicates, and usually containing one or more of the forms of
calcium sulfate as an interground addition (ASTM C-150). Port-
land cement will be referred to as cement in this manual.

b. Cement-Stabilized Soil. A mixture of soil and mea-
sured amounts of portland cement and water which is thoroughly
mixed, compacted to a high density and protected against moisture
loss during a specific curing period.

c. Soil-Cement. A hardened material formed by curing a
mechanically compacted intimate mixture of pulverized soil, port-
land cement and water. Soil-cement contains sufficient cement to
pass specified durability tests.

d. Cement-Modified Soil. An unhardened or semi-hardened
intimate mixture of pulverized soil, portland cement and water.
Significantly smaller cement contents are used in cement-modified
soil than in soil-cement.

e. Plastic Soil-Cement. A hardened material formed by
curing an intimate mixture of pulverized soil, portland cement
and enough water to produce a mortarlike consistency at the time
of mixing and placing. Plastic soil-cement can be used for
highway ditch linings.

5. Definitions Associated with Asphalt Stabilization:

a. Bitumen, A class of black or dark-colored (solid,
semi-solid, or viscous) cementitious substances, natural or manu-
factured, composed principally of high molecular weight hydro-
carbons, of which asphalts, tars, pitches and asphaltites are
typical.

b. Asphalt. A dark brown to black cementitious material
in which the predominating constituents are bitumens which occur
in nature or are obtained in petroleum processing.
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c. Asphalt Cement. A fluxed or unfluxed asphalt
specially prepared as to quality and consistency for direct use
- in the manufacture of bituminous pavements, and having a penetra-
tion at 77°F (25°C) of between 5 and 300, under a 1oad of 100 g
applied for 5 seconds.

- d. Cut-Back Asphalt., Petroleum residues which have been
blended with distillates such as naptha, gasoline, kerosene or
other oils to control the mixing viscosity.

e. Anionic Emulsion. A type of emulsion such that a
particular emulsifying agent establishes a predominance of nega-
tive charges on the discontinuous phase.

f. Cationic Emulsion., A type of emulsion such that a ;*
particular emulsifying agent establishes a predominance of posi- e
tive charges on the discontinuous phase, :

‘e

g. Liquid Bituminous Materials. Materials which utilize _-;_
either distillates (cutbacks) or emulsifying systems (emulsions)
to provide suitable flow properties at ambient temperatures to -
base asphalt cements for mixing and construction with aggregate ij
systems. ;;

o
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SECTION II
STABILIZER SELECTION

A. GENERAL

Ideally, field tests should be performed to determine the
type and characteristics of the subgrade soils as well as
available borrow materials. Laboratory tests should be done to
determine engineering properties of both the mechanically and
chemically stabilized soils and borrow materials, The final
decision of stabilizer would then be based on first costs and
Tong term maintenance economics. Except for very large projects
this desired approach is cost and/or time prohibitive,
Simplified guidelines are necessary to direct the engineer to 4
those stabilization techniques which appear most suitable for a '
particular situation. This section presents basic guidelines to
establish the optimum chemical stabilizer,

B. BASIC CRITERIA
1. Lime Stabilization

Experience has shown that lime will react with medium,
moderately fine, and fine grained soils to produce decreased
plasticity, increased workability, reduced swell, and increased
strength., Generally speaking, those soils classified by the
Unified System (MIL-STD-6198) as CH, CL, MH, SC, SM, GC, SW-SC,
SP-SC, SM-SC, GW-GC, CP-GC, or GM-GC should be considered as
potentially capable of being stabilized with lime.

Lime may be an effective stabilizer with clay contents as
low as seven percent and a Pl as low as ten for certain soil
types.

2. Cement Stavilization

The Portland Cement Association indicates that all types
of soils can be stabilized with cement. However, well-graded
granular materials that possess sufficient fines to produce a
floating aggregate matrix have given the best results. The \
grading requirements to produce a floating matrix are: a minimum
of 55 percent passing the Number 4 sieve, a minimum of 3% percent :
passing the Number 10 sieve and a minimum of 25 percent passing
the Number 10 but retained on the Number 200 sieve.

The P,1. should be less than 30 for sandy materials while
the P.I. should be less than 20 and the Liquid Limit less than 40
for fine grained soils, This limitations is necessary to ensure
proper mixing of the stabilizer, For gravel type materials a
minimum of 45 percent by weight passing the Number 4 sieve 15
desirable, In addition, the P.1, of the soil should not exceed
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the number indicated from the following equation:

Pl = 20 + 50 - Fines Content (Percent)
4

3. Fly Ash Stabilization

In stabilizations, fly ashes act as pozzolans ~nd/or
fillers to reduce air voids in naturally occurring or blended
aggregate systems, Since the particle size of the fly ash is
normal iy larger than the voids in fine grained soils, the filler
role is not appropriate for use in fine grained soils., The fly
ash is used only as a pozzolan, Most clays (but not all) are
pozzolanic and do not require additional pozzolans. Thus, Silts
are generally considered the most suitable fine-grained soil type
for treatment with lime-fly ash or cement-fly ash mixtures.

Aggregates which have been successfully used in lime-fly
ash mixtures include a wide range of types and gradations, inclu-
ding sands, gravels, crushed stones and several types of slagq.
Lime-fly ash aggregate mixtures are often more economical to use
than 1ime-fly ash fine-grained soil mixtures.

Some fly ashes that are high in calcium oxide can be used
with fine-grained soils to form acceptable stabilized materials.
These fly ashes are normally obtained from power plants utilizing
Western United States coals.

4, Asphalt Stabilization

To insure suitable mixture strength and durability
properties for asphalt-soil systems the maximum passing the Num-
ber 200 sieve should be 25 percent, plasticity index less than
six, sand equivalent greater than 30 and the product of the
plasticity index and percent passing Number 200 sieve less than
72. Generally, soils classified by the Unified System (MIL-STD-
6198) as SW, SP, SW-SM, SP-SM, SW-SC, SP-SC, SM, SC, SM-SC, GW,
GP, GW-GM, GP-GM, GW-GC, GP-GC, GC and GM-GC are suitable pro-
vided certain plasticity and grading requirements are met (see
Section VI).

5. Combination Stabilizers

Combination stabilizers discussed in this section include
lime-cement and lime-asphalt. Soil classified as ML, CL, MH and
CH, according to the Unified System, can often be economically
treated.

The matn purpose of combhination stahilization 15 to
reduce plasticity and increase workability so the soil can be
intimately mixed and effectively stabilized., Lime is the
pretreatment stabilizer followed by cement or asphalt,
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It is an advantage to add lime in some asphalt
stabilization jobs to prevent stripping of asphalt from the
aggregate in the presence of water.

Portland cement and lime have been used in emulsion
stabilization to help control emulsion break and reduce curing
time.

C. SELECTING BEST STABILIZER

Figure 9 presents a stabilizer selection system based on so1l
plasticity (Atterberqg Limits) and the percent passing the Number
200 sieve (grain size). Once the stabilizer is selected,
detailed tests should be performed as discussed in those chapters
associated with the individual stabilizers.

More than one stabilizer may be suitable for stabilization
based on Figure 9. The best stabilizer is always listed at the
top. Once a stabilizer type has been selected for a particular
soil, the engineer should consider climatic limitations that may
restrict the use of the stabilizer. Also safety should be under-
stood by the engineer prior to stabilizer selection., General
climatic limitations and construction safety precautions are
given in Table 1.
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SECTION 111 ;
1
. LIME STABILIZATION ‘:'
|
8
A. GENERAL s
The term, "lime,* refers to oxides and hydroxides of calcium
and magnesium. There are various types of commercial 1ime. ’
Calcitic quicklime (Ca0) and dolomitic quicklime (Ca0 + Mg0) are i
produced by calcining calcite or dolomite, respectively., The R
control led addition of water to quicklime can produce three types X
of hydrated 1ime: (1) high-calcium, Ca(0OH) monohydrated -3
dolimitic, Ca{OH), + Mg0; and (3) d1hydrated golom1tic. Ca(OH), + Y
Mg(OH),. N
Various forms of lime have been successfully used as soil-
stabilizing agents for many years, including products with ;
varying degrees of purity. However, the most commonly used
products are hydrated high-calcium produce 1ime Ca(OH),, mono- .
hydrated dolomitic 1ime Ca(OH)* Mg0, calcitic quick1lime Ca0, »
and dolomitic quicklime Ca0 * Mg0. The use of quicklime for soil o]
stabilization in the United States has increased in recent years. \
In Europe, quicklime is the major type used. &
i
By-product lime also provides a source that may be suitable
for use in stabilization. This type of lime is usually available >
from various manufacturing processes, Two types of by-product '7
limes commonly available are: (1) those that collect from the L
draft of the calcining process in lime production operations ’
(flue dust), and (2) the by-product of acetylene gas production &
from calcium carbide. By-product lime may be a very economical
source of lime; however, these limes may be nonuniform in s
quality. ~
Although many by-product limes may be similar to virgin limes g
in terms of chemical composition, other important properties may on
be considerably different, For example, commerical hydrates are )
generally more finely divided and have higher specific surfaces J
than carbide limes. :'
Most types of lime (exclusive of dihydrated dolomitic, :'
Ca(OM), * Mg(OH),) are acceptable for stabilization purposes, if :'
a qua?1ty 5011-llme mixture meeting strength, durability, and .
epconomic criteria can be obtained, Laboratory testing may be R,
used to indicate the effectiveness of a lime., Properties of the s
soil being stabilized may have a much greater nfluence on the o
soil-lime reaction than lime type or Source. -
In most instances, considerations of local availability and "
cos. are more significant than lime type in selecting a product \.
source. Significant hauling distances may be involved if 1ime i
stabilization is to be used 1n certain areas. Bulk lime is A
o
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normally used. "Bagged" lime is considerably more expensive.

Lime specifications have been prepared by many groups and
agencies. Chemical and physical (primarily particle size)
properties are normally the major factors considered in a lime
specification.

AASHTO M-216 is an example of a specification specifically
directed to the use of lime for soil stabilization. Many state
and agency specifications incorporate ASTM C-207 (Type N) or a
modified version of ASTM C-207 in their own specifications. Note
that ASTM (C-207 is entitled, "Hydrated Lime for Masonry
Purposes.” ASTM has not developed a lime specification for soil
stabilization. In foreign countries, local specifications should
be evaluated to determine if they are appropriate for soil
stabilization. For more detailed information of specifications,
see Section X! and Appendix A.

“Special Provision" type specifications are required if by-
product lime is used since such limes seldom meet commercial 1ime
specification requirements.

Appropriate quality control testing should be conducted
during the course of a project to ensure the quality and
uniformity of the lime being incorporated into the construction.
Producer certification of the lime is used in some cases in lieu
of "on the job" 1ime testing. For more detailed information on
quality control, see Section X.

B. SOIL-LIME REACTIONS
1. General

The addition of lime to a fine-grained soil initiates
several reactions. Cation exchange and flocculation-
agglomeration reactions take place rapidly and produce immediate
changes in soil plasticity, workability and the immediate uncured
strength and load-deformation properties. Depending on the
characteristics of the soil being stabilized, a soil-lime pozzo-
lanic reaction may occur. The pozzolanic reation results in the
formation of various cementing agents which increase mixture
strength and durability. Pozzolanic reactions are time-cepen-
dent; therefore, strength development is gradual but continuous «
for long periods of time amounting to several years in some
instances. Temperature also affects the pozzolanic reaction,
Temperatures less than 55 to 50°F retard the reaction and higher
temperatures accelerate the reaction,

Lime carbonation {lime reacts with carbon dioxide to form
a carbonate; Ca0 + C02 > CaC03) is an undesirable reaction which
may a'so occur in soil-lime mixtures. Construction should be
carried out in such a fashion that lime carbonation is minimized.
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Prevention of long exposure of the lime prior to mixing with the
soil, "rubber-tired" rolling of the mixture surface prior to
leaving the mixture to mellow and the avoidance of long, inten-
sive mixing and processing times are major items to consider.

2. 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 addition of lime to a soil in sufficient quantity
supplies an excess of ca*t ions to the soil. Cation exchange
occurs, with Ca*t replacing other cations from the exchange
complex of the soil.

Flocculation and agglomeration reactions produce an
apparent change in texture with the clay particles "clumping"
together into larger sized "aggregates". A "clayey" soil is
changed and has a “silty" texture because of the flocculation and
agglomeration reactions.

3, Soil-Lime Pozzolanic Reaction

, The reactions between lime, water and various sources of
soil silica and alumina to form cementing type materials are
soil-lime pozzolanic reactions. When a significant quantity of
lime is added to a soil, the pH of the soil-lime mixture is
elevated to approximately 12.4, the pH of saturated 1ime water.
This is a substantial pH increase, compared to the pH of natural
soils. The solubilities of soil silica and alumina are greatly
increased at elevated pH levels.

Studies have shown that soil-lime reaction products are
forms of hydrated calcium silicates and hydrated calcium
aluminates. A wide variety of hydrate forms can be obtained,
depending on reaction conditions, curing time and temperature.
The cementing products are similar to those produced by the
hydration of portland cement.

The extent to which the soil-lime pozzolanic reactions
proceeds is influenced primarily by natural soil properties.
With some soils, the pozzolanic reaction is inhibited, and
cementing agents are not extensively formed. Those soils that
react with lime to produce substantial strength increase (greater
than 50 psi following 28 day curing at 73% ) are "reactive” and
those that display limited pozzolanic reactivity (less than 50
psi strength increase) are "nonreactive."

The major soil properties and characteristics which

influence the lime-reactivity of a soil, i.e., ability of the
soil to react with lime to produce cementitious materials, are
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soil pH, organic carbon content, natural drainage, presence of
excessive quantities of exchangeable sodium, clay mineralogy,
degree of weathering, presence of carbonates, extractable iron,
silica-sesquioxide ratio and silica-alumina ratio. It is
emphasized that the main factors controlling the development of
pozzolanic cementing 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.

Soil-1lime reactions are complex and not completely
understood at this time. However, sufficient basic understanding
and successful field experience are available to provide the
basis of an adequate technology for successfully utilizing soil-
lime stabilization under a wide variety of conditions.

C. PROPERTIES AND CHARACTERISTICS OF SOIL-LIME MIXTURES

In general, all lime treated fine-grained soils exhibit
decreased plasticity, improved workability and reduced volume
change characteristics. However, not all soils exhibit improved
strength, stress-strain and fatigue characteristics. It should
be emphasized that the properties of soil-1lime mixtures are
dependent on many variables. Soil type, lime type, lime
percentage and curing conditions (time, temperature, moisture)
are the most important.

Generally only lime-reactive soils (those that display a
significant compressive strength increase) are used as structural
paving layers. Cured lime-treated reactive soils are
appropriately termed "cemented materials." Thus, the engineering
properties of strength, stress-strain behavior and durability are
of major interest. These properties will be considered in
detail.

Lime treatment also has an immediate effect on pertinent soil
properties. Immediate effects are achieved without curing and
are of particular interest during the construction stage.

1. Uncured Mixtures

a. Plasticity. Substantial reduction in plasticity (re-
duced PI, increased shrinkage 1imit) is affected by lime treat-
ment, and the <nil sometimes becomes nonplastic. Generally, high
initial PI and clay content soils require greater guantities of
lime for achieving the nonplastic condition, if it can be
achieved at all., The first increments of 1ime-added are most
effective in reducing plasticity. The silty and friable texture
of the treated soil causes a marked increase in workability. The
improved level of workability expedites subsequent manipulation
and placement of the treated soil. Typical effects are i1lus-
tratod by the data in Table 2,
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TABLE 2. ATTERBERG LIMITS FOR NATURAL AND LIME-TREATED SOILS. i

\
Uni fied Natural Soil 39 Lime 5% Lime :
- Soil Classification LL PI LL PI  LL PI

Bryce B CH 53 29 48 21 NP : )
Clay Till cL 49 27 51 12 59 N .
Cowden B CH 54 33 47 7 NP

Orummer B CH 54 31 44 10 NP "E
Fayette C CcL 32 10 NP .
Hosmer 82 CL 4] 17 NP
Piasa B CH 55 36 48 1 NP /

IN1linoian Til CL 26 N 27 6 NP

|

LL - Liquid Limit

a_d

NP - Nonplastic

AANANS NSRS
Lt l o

PI - Plasticity Index
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b. Moisture-Density Relations. For a given compactive
effort, soil-Time mixtures have a lower maximum dry density and a
higher optimum moisture content than the untreated soil. Maximum
dry density reductions of 3-5 pcf and optimum water content
increases of 2-4 percent are common., Figure 10 illustrates the
effect of 1ime on the compaction characteristics of a CL soil
(AASHTO T-99 compaction).

I[f a mixture is allowed to cure and gain strength
prior to compaction, further reductions in maximum dry density
and optimum moisture content increases may be noted. It is
important that the appropriate moisture-density relation be used
for field control purposes.

c. Swell Potential. Soil swell potential and swelling
pressures are normally significantly reduced by lime treatment.
CBR swell values (96 hour soak period) of lime treated soils
vary, but it is common to decrease swell to less than 0.1 per-
cent. Lime is an effective stabilization additive for swell
control as indicated by the data in Table 3.

d. Strength and Deformation Properties. Lime treatment
of fine-grained cohesive soils produces immediate improvements in
the strength and deformation properties of "uncured” soil-1lime
mixtures. These immediate benefits can be characterized in terms
of shear strength, CBR, cone index, static compressive modulus of
elasticity and resilient modulus.

Typical moisture content - CBR relations for an
uncured soil-1ime mixture and the natural soil are shown in
Figure 11. The compactive effort was AASHTO T-99.

The immediate effects of 1ime treatment are to im-
prove the resilient behavior (repeated loading modulus of
elasticity) of fine-grained cohesive soils. Figure 12 illus-
trates the improvements obtained for a ML soil.

The immediate strengthening effects of l1ime treatment
are substantial. For “reactive" soils, as curing progresses and
the soil-lime pozzolanic reaction proceeds the soil-lime mixture
will develop much higher levels of strength and stiffness charac-
teristics typical of "cemented materials."

2. Cured Mixtures

a. Strength and Deformation Properties. The strength
and deformation properties of lime-treated soils are dependent
on many variables. Soil type, lime type, lime percentage,
compacted density and curing conditions (time-temperature) are
the most important, The properties of a 1ime-treated soil are
therefore, not "static values" but will vary in response to
changes in the variables listed above.
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Figure 10. Moisture-Density Relations for a Natural
and Five Percent Lime-Treated CL Soil
(AASHTO T-99 Compaction) (After Ref. 1).
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b. Strength Properties. »
(1) Unconfined Compression. The unconfined compres- 'h
' sion test is a simple and effective test for evaluating the ~
properties of stabilized soils. 24
. Soil-lime mixtures strength varies substantially i)
as indicated by the typical data in Table 4, Strength increases
(cured mixture strength minus strength of natural soils; 28-day &
curing at 739F) greater than 100 psi are achieved with many >
soils. Extended curing (either in the laboratory or under field N
conditions) may produce strength increases of several hundred o
psi. Field data indicate that with some soil-lime mixtures o,
strength continues to increase with time up to in excess of 10
years, : ‘
The differences between the compressive .
strengths of the natural and lime-treated soil is an indication !
of the degree to which the soil-lime-pozzoianic reaction has .
proceeded. Substantial strength increase indicates that the soil :
is reactive with lime and can probably be stabilized to produce a v
structural layer quality material. o
.
(2) Shear Strength, Some cured soil-1ime mixtures -
(stabilized reactive soils) are cemented type materials. The ~
major effect of 1ime on the shear strength of a reactive fine- "
grained soil is to produce a substantial increase in cohesion -
with some minor increase in friction angle (¢). The cohesion in- "
crease is of the greatest significance. "l
et
p
Substantial shear strength can be developed in -
cured lime-soil mixtures. Shear strength related failures have Ny
not been noted and/or reported to any extent for field service 2
conditions, ‘
T%pical angles of shearing resistance (¢) are :'
approximately 25° - 359, The cohesion of the mixtures is ~
substantially increased compared to the natural soils. Cohesion §L
increases with increased mixture compressive strength. A rough )
estimate of cohesion is approximately 30 percent of the uncon-
fined compressive strength, o
(3) California Bearing Ratio (CBR). CBR testing -
procedures have been extensively used to evaluate the strength of ﬁ}‘
lime stabilized soils. Many agencies have arbitrarily adopted (:
- this technigque because of their familiarity with the test. (CBR u
is not appropriate for characterizing the strength of soil-lime =3
mixtures under all conditions. \
l‘-
' CBR values for many cured soil-lime mixtures -
(see data in Table 3) are quite large and definitely indicate the
extensive development of pozzolanic cementing agents. For mix- -
tures with CBR values of 100 or more, the test results have .
little practical significance. If extensive pozzolanic cementing N
Ky 1
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TABLE 4. COMPRESSIVE STRENGTH DATA FOR NATURAL AND LIME-TREATED

SOILS.
Compressive Strength, psi
% Lime
Unified

Soil Classification Natural Soil 3 5 7
Bryce A MH 57 43 58 53
Bryce B CH 81 201 212 193 -
Cisne B CH 93 107 190 189 ;
Drummer A ML 53 29 49 32 .
Drummer B CH 68 186 152 146 :
Fayette A ML 38 37 46 49 :
Fayette B CL 70 109 114 113
Fayette C CL 40 137 185 125
Accretion-Gley CL 58 263 247 283 ;
Huey B cL 102 223 216 233 by
Huey D CL 89 222 179 197 X
I1linoian TiN CL 51 150 18 143 2
Loam Til} M 105 172 18 174 b
Davidson 822 MH 113 198 268 324 R
Greenville 822 CL 83 455 517 551 N
Norfolk B, sC 67 347 421 332 ,
Clalitos 821 MH 107 114 133 132
Nipe 822 ML 67 87 220 3N
Cecil 82] CH Ial 168 163 224 )
St. Ann Bauxite CH 119 104 292 495 3

Note: Curing conditions of 28 days at 73°F.
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action has not developed due to either lack of curing time or
nonreactivity of the treated soil, CBR may serve as a general
. strength indicator. ,h
N
'I
(4) Tensile Strength. Tensile strength properties '\;
of soil-lime mixtures are important in pavement design. q;
) Two test procedures, split-tensile and flexural, ;
have been used for evaluating soil-lime mixture tensile strength, .
Split-tensile strengths display large variations, depending on j
the soil-1ime mixture and curing conditions. The ratio of split- %
tensile strength to unconfined compressive strength of the mix- :
tures is approximately 0.13, !
The most common method used for evaluating the i
tensile strength of highway materials is the flexural test (beam ﬁx;
strength), A realistic estimate of flexural strength (modulus of e
rupture) is 25 percent of the unconfined compressive strength of .
the cured soil-lime mixture, e
(5) Fatigue Strength. For typical pavement loading .
conditions flexural strength, not the shear strength, of reactive N
soil-lime mixtures will probably be the limiting factor in appli- N
cations as subbase and base course structural layers. Flexural I
fatigue is therefore an important consideration in the evaluation :1
of lime-soil mixtures. '
Cured coil-lime mixture flexural fatigue 4y
response curves are comparable to those normally obtained for
similar materials (with regard to the nature of the cementitious "
]

products) such as 1ime-fly ash-aggregate mixtures soil-cement and
concrete, The fatigue strengths {(at 5million stress repeti- -
tions) of soil-lime mixtures vary for different mixtures but are

approximately 50 - 55 percent of the ultimate mixture flexural ;:
strength, o
Soil-Time mixtures continue to gain strength 3'
with time and the ultimate strength of the mixture is a function -
of curing period and temperature. The magnitudes of the flexural :
stress repetitions applied to the mixture are relatively constant j\‘
throughout its service life. Therefore, as the ultimate strength N
of the material increases due to curing, the stress level (as a ;;
percent of ultimate flexural strength) will decrease and the Ri.
fatigue life of the mixture will increase. .
¢. Deformation Properties. Stress-strain properties are -
essential for analyzing the behavior of a pavement structure ” o
containing a soil-lime mixture structural layer. The marked $Q
effect of 1ime on the compressive stress-strain properties of (e
fine-grained soils is shown in Figure 13. The failure stress is §5
increased and the ultimate strain is decreased for soil-lime (.
mixtures relative to the natural soil. Soil-lime mixtures tested G
in compression are strain sensitive and the ultimate strain (for -;‘
o
33
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Figure 13. Compressive Stress-Strain Relations for
Cured Soil-Lime Mixtures. (Goose Lake Clay
Plus Four Percent Lime; Curing Temperature
of 73°F, After Suddath and Thompson, Ref. 2).
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maximum compressive stress) is approximately one percnet, regard- :
less of the soil type or curing period. The compressive modulus
. of elasticity can be estimated from the unconfined compressive "
strength of the soil-lime mixture according to the following W,
relation: )
o
. E(ksi) = 10 + 0.124 Unconfined Compressive Strength (psi) 'L,
Repeated or dynamic compressive loading data for o
soil-lime mixtures are limited. Resilient modulus data are typi- rd
cally much higher than static moduli of elasticity values. Some “
data indicate the resilient values are approximately 2 to 3 times o~
larger. Zut
(1) Flexural Moduli, For lime-soil pavement struc- "
tural layers possessing high shear strength, the flexural ::
stresses in the lime-soil mixture may be the controlling design N
factor. Flexural moduli of elasticity have been evaluated for )
typical cured lime-soil mixtures. Figure 14 is a plot for £
flexural modulus versus flexural strength. Increased curing
results in increased flexural strength accompanied by increased o
flexural moduli. PN
.'\
(2) Poisson's Ratio. Only limited data are ;?
available for cured soil-lime mixtures. Reported values at low e
stress levels (less than 50 percent of the ultimate compressive
strength) are generally in the range of 0.1 to 0.2. At higher .
stress levels, Poisson's ratio may be closer to the 0.2 to 0.3 A
range. A value of 0.15 to 0.20 is frequently used. *a
N
Since the properties of a reactive soil-lime ;‘
mixture change with further curing (due to the development of ’
additional cementing products), it is not justified in some cases o,
to conduct elaborate tests to precisely evaluate mixture proper- N
ties that will soon change due to field curing effects., It is N
frequently acceptable to use unconfined compressive strength or -;:
other simple tests for evaluating the “"quality" of the mixtures o
and estimating other pertient mixture properties using previously <
developed correlations. .
| N
3. Shrinkage R?
-~ J
Shrinkage associated with the loss of moisture from the -~

stabilized soil is of impo~tance relative to the problem of "
"shrinkage cracking” of the materials and reflective cracking T
through overlying paving layers, Lime treatment decreases shrin-

, , ) : -~

kage potential. Field moisture content data for lime-treated il
soils suggest that the moisture content changes in the stabilized $~
material are not large and the in situ water content stabilizes poS
at approximately optimum. o~
Calculations based on laboratory shrinkage data, as wel |l ~
as field service data from many areas, indicate that, for typical o
35 o
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field service conditions shrinkage of cured soil-lime mixtures
will not be extensive. Thus, reflective cracking through the oy
surface course will not occur frequently. Q:.
RS
4, Durability Vi)
)
- Durability characteristics are important in the p
evaluation of a paving material. This is particularly true when LN
the effects of environment (temperature and moisture) are more -
pronounced due to the reduced thickness of base and subbase o
layers and the use of only thin surface courses or even only '
surface treatments. ;:3
a. Moisture Effects. Prolonged exposure of soil-lime -
mixtures to water produces only slightly detrimental effects, and -
the ratio of soaked to unsoaked compressive strength of the ¢$
mixtures is quite high, on the order of .7 to .85. The mixtures Rt
seldom achieve 100 percent saturation and in most cases the i:
maximum degree of saturation is in the range of 90 to 95 percent. e
b. Freeze-Thaw Effects. Pavement systems may experience ::a
two general types of freeze-thaw action. Cyclic freeze-thaw )
occurs in the material when freezing occurs as the advancing -{?
frost line moves by and then thawing subsequently occurs. N
Heaving conditions develop when a quasi-equilibrium frost-line P
condition is established in the stabilized material layer. The 9
static frost line situation provides favorable conditions for '}'
moisture migration and subsequent ice lens formation and heaving, S
if the material is frost-susceptible. Depending on the nature of -
the prevailing climate in an area, either cyclic freeze-thaw Sj
or heaving action or both may occur. ;
c. Cyclic Freeze-Thaw. In zones where freezing B,
temperatures occur, freeze-thaw damage may be incurred by the ::’
soil-lime mixtures. The damage is generally characterized by o
volume increase and strength reduction. ;:f
Initial unconfined compressive strength (0 - freeze- )
thaw cycles) of the cured mixture is a good indicator of freeze- -
thaw resistance. Freeze-thaw durability studies of several dif- i:*
ferent types of “"cementious stabilized materials” (soil-1ime, ?:
soil-cement, lime-fly ash) have confirmed that initial -
compressive strength of the cured stabilized mixture can be used -
to predict the cyclic freeze-thaw resistance of stabilized soils. -

- Factors influencing strength development (curing time, density, .
additive, content, etc.) influence cyclic freeze-thaw resistance iJ'
in the same fashion. ;Zi

P,

The cured soil-lime mixture must be sufficientiy X

strong prior to the initiation of cyclic freeze-thaw action to o
withstand the freeze-thaw strength loss, Freeze-thaw durability [
considerations must, therefore, be considered in establishing S
mixture compressive strength requirements. Si*
e
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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 cumulative, since autogenous
healing during favorable curing conditions would restore the
stability of the material.

d. Frost-Heaving Action. If "“cemented systems" achieve
a certain critical mixture strength level, the tensile strength
of the stabilized material is sufficient to withstand the heaving
pressures generated, thus limiting the heave potential to
tolerable values. Cured compressive strengths areater than 200
psi generally display adequate “heave resistance."

e. Sulfate Effects. Laboratory and field data indicate
that lime-treated soils containing significant sulfates may
experience accelerated strength loss if the material is subjected
to excessive moisture or cyclic freeze-thaw. Lime treatment of
high sulfate content soils should be carefully considered.

f. SummarF. Durable soil-lime mixtures can be obtained
when reactive soils are stabilized with quality lime., Although
some strength reduction and volume change may occur due to
moisture and cyclic freeze-thaw, the "residual strength" of the
stabilized materials is adequate to meet field service
requirements. Durability considerations must be taken into
account in establishing the mix composition and selecting
engineering properties for use in pavement design,

D. SELECTION OF LIME CONTENT

The major objective of the mixture design process is to
establish an appropriate 1ime content for construction. The
primary variable that can be altered is lime percentage, since
the inherent properties and characteristics of the soil are
fixed, 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. 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. For structural
layer applications cured strength is the most appropriate
property to consider, Immediate strength/stiffness improvements,
rhanges in compaction and workability characteristics or swell
potential reduction are frequently important in 1ime modification
applications.

Mixture design criteria are needed to establish the quantity
of lime required to produce an acceptable quality mixture. For
base and subbase structural applications, soil-lime mixtures with
jcceptable cured strengths may not be produced, regardless of the
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lime percentage used to treat certain soils,
1. Treatment Level

Most fine-grained soils can be effectively stabilized
with 3 to 10 percent (dry weight of soil basis) lime. Under )
normal field construction conditions, approximately two percent '
1ime is the minimum quantity that can be effectively distributed
and mixed with a fine-grained soil.

2. Laboratory Mixture Design
The basic components of the mixture design procedure are:
a. Method for preparing the soil-lime mixture,
b. Procedures for compacting and curing specimens,

¢. Testing procedures for evaluating a selected property
or properties of the soil-lime mixture and
*
d. Appropriate criteria for establishing the design lime
content,

3. Mixture Preparation

Lime content is specified as a percentage of the dry
weight of soil, Soil-lime mixtures are prepared by dry mixing
the proper amounts of soil and lime and blending the required
amount of water into the mixture. ASTM D-3551 should be
followed, The mixture should be allowed to mellow approximately
1 hour prior to specimen preparation. Mixtures are normally
prepared at or near optimum moisture content as determined by
ASTM D-698 or D-1557, MIL-STD-621A, Method 100. Other moisture
contents may also be used. In some situations a moisture content
may be selected to represent an in situ field condition,

L C .o 5

4. Density Control ]

The density of the compacted specimens must be carefully
controlled. The strength of a cured soil-lime mixture is greatly
influenced by density and small density variations make it
difficult to accurately evaluate the effect of other variables .
such as lime percentages and curing conditions, Thus, the

. compactive effort should always be specified. MIL-STD-671A4,
Method 100 or ASTM D-698 compaction or the equivalent density is
recommended for normal mixture design purposes. 0Other compactive
efforts may be used to simulate anticipated field conditions.

5. Curing Conditions

Time, temperature and moisture must be controlled. For
stabilization applications where "immediate" strength is an
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important factor, specimens can be tested immediately after
compaction, Ambient temperature or accelerated (high
temperature) curing are used for applications where field curing
can be achieved prior to use of the stabilizer layer.

Laboratory curing conditions should be correlated with
field conditions. Because the first winter's exposure is most
critical. For freeze-thaw zones it is important to approximate
the "field strength” of the mixture before the beginning of the
winter,

Normal curing cond1t1ons are 72°F for 28 days.
Accelerated curing conditions are 120°F for 48 hours.

Specimens should be cured in a "sealed container" to
prevent moisture loss and lime carbonation. Sealed metal cans,
plastic bags, etc., are satisfactory.

Nisparities in curing conditions make it difficult to
compare the results obtained from different testing methods.
Mixture quality criteria developed for a particular test
procedure should not be arbitrarily adopted for analyzing test
results obtained from a different test method.

6. Testing Procedures

Moisture-density relations, plasticity characteristics,
swell potential, uncured strength and cured strength are
significant soil-1ime mixture properties. Recommended testing
procedures are presented below.

a. Moisture-Density Relations. Utilize MIL-STD-621A,
Method 100 or ASTM D-698. In many instances lime stabilization
is used under conditions (wet soils, poor "support," etc.) where
it may be very difficult to achieve a high percentage of speci-
fied density, but adequate soil-lime mixture properties are ob-
tained at lower densities.

b. Atterberg Limits Procedure., Use MIL-STD-621A, Method
103 or ASTM D-423 and ASTM D-424 to determine the plasticity
characteristics of the soil-lime mixture. The mixture should not
be cured prior to determining the Pl since the field objective is
related to obtaining immediate improvement and substantial pozzo-
lanic strength development is not expected.

¢. Swell Potential. Use MIL-STD-621A, Method 101 or
ASTM D-3668 to evaluate swell potontial,

d. CBR Test. The CBR test is appropriate for the
following conditions:

(1) "Immediate" (uncured) strength is a major
factor. (In this situation the soil-lime mixture is not highly
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cemented. )

(2) The soil-lime mixture does not gain significant
cured strength due to limited soil-lime-pozzolanic cementing
reactions, and the mixture is considered a "modified" soil.

Conduct the CBR test in accordance with MIL-STD-
621A, Method 101 or ASTM D-3668. The specimens may be either
soaked or ursoaked depending on the stabilization objective.
Unsoaked conditions are appropriate for "immediate strength"
evaluation purposes.

For expedient testing procedures, CBR
penetration tests (as per ASTM D-3668) can be conducted on
“Proctor Sized" (4 inch diameter by 4.6 inch) specimens prepared
in the process of determining the moisture-density relation of a
soil-1lime mixture. The data provide comprehensive moisture-
density "immediate CBR" information for the soil-1ime mixture,
Typical results are shown in Figure 11.

e. Unconfined Compression Test. Unconfined compression
test procedures should be used to evaluate soil-1lime mixtures
which develop significant cured strength. A strength gain of 50
psi [cured (28 days @ 72°F or equivalent) soil-lime mixture
strength minus strength of natural soil] indicates that the soil-
lime pozzolanic cementing reaction is proceeding.

Compressive strength testing should be in accordance
with the procedure presented in Appendix C, Section A. Two-inch
diameter by 4.0-inch specimens are recommended. Since the length
to diameter ratios (1/d ratios) vary amoung test methods,
compressive strength values should be corrected to an 1/d ratio
of 2 for comparison and specification purposes.

7. Mixture Design Criteria

a. Structural Layer Applications. Mixture design
criteria are used to evaluate the adequacy of a given soil-lime
mixture. Criteria vary depending on the stabilization objectives
and anticipated field service conditions, i.e., environmental
factors, wheel loading considerations, design life, etc. Mixture
design criteria may, thus, range over a broad scale and are based
on careful considerations of the specific conditions associated
with the stabilization project. For soil-lime mixtures used in

- structural layer applications, minimum strength requirements are
specified. Design lime content is normally that percentage which
produces maximum strength for given curing conditions,

Strength criteria are specified in terms of compres-
sive strength, Minimum strength requirements are higher for base
materials than for subbase materials since stress and durability
conditions differ for various depths in the pavement structure.
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Cured compressive strength criteria for various stru-
ctural layer applications are presented in Table 5.

b. Subgrade Modification. Lime modification is used to
expedite construction (improve workability, facilitate drying,
form "working platform") or to modify the in-situ subgrade or
embankment soil properties (increase CBR, decrease swell poten-
tial, decrease plasticity).

For construction expedient and subgrade modification
purposes, design 1ime content can be based on an evaluation of
the effect of lime content on the "uncured" CBR strength and
swell values and/or the PI (an indirect indication of "swell
potential" and 'work-ability").

An "uncured" CBR of 12 to 15 is adequate for many
construction expediting applications where the stabilized layer
is to serve as a "working platform". Lower CBR values (but not
less than approximately 8) may be satisfactory in some
situations,

For PI reduction and workability improvement applica-
tions, design 1ime content is the 1ime percentage beyond which
further increases in lime content does not effect significant
changes in PI. In some instances lower lime contents may produce
acceptable PI reduction and satisfactory workability. Generally
the first increments of lime (< 3 percent) produce very substan-
tial decreases in PI with increased percentage (> 3 percent)
being less beneficial. Many soil-lime mixtures are nonplastic
with 3 percent lime while others retain Pl at increased treatment
levels.

8. Proposed Mixture Design Process

Different procedures are used for structural layer
applications and subgrade modification.

a. Structural Layer. A flow diagram of the proposed
process is shown in Figure 15,

b. Subgrade Modification. Depending on the stabili-
zation objective(s) (immediate strength improvement, PI
reduction/workability improvements, swell reduction) either CBR
tests and/or Atterberg Limit tests are appropriate. Soil-lime
mixtures should be prepared at various lime percentages (2 per-
cent increments are generally used) and tested. Select a design
lime content, using the criteria presented in paragraph D.7.a.

42

A Syt ac N



TABLE 5. CURED STRENGTH REQUIREMENTS FOR SOIL-LIME STRUCTURAL
LAYERS.

No Freeze-Thaw Activity Freeze-Thaw* Zone

Subbase 100 psi 150 psi
Base 150 psi 200 psi

*Use these criteria if F-T cycles will occur in the
structural layer. It is possible to be in a mild F-T area and
not experience F-T cycles in the subbase or base layer.
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UNCONFINED COMPRESSIVE STRENGTH (Note 1)
a) Natural Soil

[ b) Soil + Lime; Curing: 48 hours at 120°F

DETERMINE STRENGTH INCREASE

< 50 psi > 50 psi
K NONREACTIVE SOIL REACTIVE SOIL
(Mixture not suitable (Mixture suitable for
t for structural layer structural Tlayer
X application) application)

Unconfined Compressive
Notes Strength Testing
(variable Lime %, Note 2)

1. A1l specimens compacted at
optimum water content to
maximum dry density (MIL-
f. STD-621A, Method 100 or ASTM

D-698). Lime treatment level
for b may be 5% or as deter- ANALYZE STRENGTH TEST RESULTS
mined by the "pH procedure"”
presented in Appendix C,
Section II. DETERMINE DESIGN LIME % i

2. Specimens compacted at Lime % above which
optimum moisture content to further increases do
maximum dry density. Use the not produce significant
"pH procedure" (Appendix C, additional strength
Section I) to estimate the T
optimum lime content. Speci- [
mens should be prepared at CHECK STRENGTH OF DESIGN )
optimum, optimum +2, and MIXTURE WITH CRITERIA-TABLE -5 1
optimum -2 lime percentages. T
Additional and/or different
lime percentages may be DESIGNATE FIELD LIME %
required for some soils. . T
Four specimens should be ??ﬁe]ézt;oalzosgtdiglgn f
prepared for each treatment construction losses un- «
1ime percentage. Recommended even distribution, etc ‘
curing conditions are 48 : ' .

hours @ 120°F or 28 days @
72°F.

Figure 15. Flow Diagram for Soil-Lime Mixture Design.
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SECTION IV
CEMENT STABILIZATION

A. TYPES AND PROPERTIES OF CEMENT

Portland cement is an energy rich anhydrous tricalcium sili-
cate (C3S) with excess lime. Unhydrated cements contain a range
of particle sizes, gnth an average particle diameter of the order
of 10 um (10 «x 10- Although t@f surface area of portland
cement powder is only about 0.3 m“/gm, thezcement gel after
hydration has a surface area of about 300 m“/gm. This large
surface area is responsible for the cementing action of cement
pastes by adhgsion‘forces to adjacent surfaces. Calcium silicate
hydrate (CSH) , termed tobermorite, is the predominant cementing
compound in hydrated portland cement.

Several different cement types have been used successfully
for cement stabilization of soils. Normal portland cement (Type
[) and air-entraining cement (Type IA) were used extensively and
gave about the same resulits. Type Il cement has now largely
replaced the Type I cements because of its greater sulfate resis-
tance which is achieved by limiting the tricalcium aluminate

content to 8 percent. High early strength cement (Type

i) has been found to give a higher strength in some soils.
Type II1 cement has a finer particle size than do the other
cement types. Maximum contents of K,0 and Na,0 may be specified
in any cement type to limit alkali-aggregate reactions if neces-

sary. Chemical physical property specifications for portland
cement can be found in ASTM C-150.

B. SOIL-CEMENT REACTIONS

Cement stabilization resembles 1ime stabilization in many
ways, except with cement, pozzolanic material is present in the
cement initially and need not be derived from the soil itself.
In predominantly coarse-grained soils the cement paste bonds soil
particles together by surface adhesion forces between the cement
gel and particle surfaces. In fine-grained soils the clay phase
may also contribute to the stabilization through solution in the
high pH environment and reaction with the free lime from the
cement to form additional calcium silicate hydrate (CSH). A
basic difference is that the cement stabilization reaction with
coarser soil occurs more quickly than does lime-soil reaction.
However, both cement and lime reactions continue with time,

The crystallization structure formed by the set cement is
mainly extraneous to the soil particles. This structure can be

*

C = Ca0, S = Si0p, H = Hy0, A = Al,05.

45

o .
[ 300

N Vot o8, %
’{{.-; S

S

ATy

-
¥

- > xTT
LA Rt
P s

- b
)

St

aa s
.’-\‘\“r"}

e ")

I W
W AP

Xy

£ & _A
S-S g X




W R N A

---------

A O T

disrupted by subsequent swelling of soil particle groups if an
insufficient cement content is used. Disruption of the cement
structure can also be caused by certain salt solutions; e.q.,
sulfates, although some of these salts, if present initially, may
have a beneficial effect.

C. SOILS SUITABLE FOR CEMENT STABILIZATION

A wide range of soil types may be stabilized using portland
cement. The greatest effectiveness and economy in highway and
airfield construction in comparison to other stabilizers, is with
sands, sandy and silty soils and clayey soils of low to medium
plasticity. If the plasticity index exceeds about 30 percent,
cement becomes difficult to mix with the soil. If cement
stabilization is to be used for highly plastic soils, then lime
may be added to reduce the plasticity index prior to addition of
cement. {See Section III B1).

1. Organic Matter

A soil may be acid, neutral or alkaline and still respond
well to cement treatment. Although certain types of organic
matter, such as undecomposed vegetation, may not influence
stabilization adversely, organic compounds of lower molecular
weight, such as nucleic acid and dextrose, act as hydration
retarders and reduce strength. When such organics are present
they inhibit the norma! hardening process. If the pH of a 10:1
mixture (by weight) of soil and cement 15 minutes after mixing is
at least 12.1, it is probable that organics, if present, will not
interfere with normal hardening (See Appendix C, Section C).

2. Sulfate Attack

Although sulfate attack is known to have an adverse
effect on the quality of hardened portland cement concrete, less
is known about the sulfate resistance of cement stabilized soils.
The resistance to sulfate attack differs for cement-treated
coarse-grained and fine-grained soils and is a function of
sulfate concentrations. Sulfate-clay reactions can cause
deterioration of fine-grained soil-cement. On the other hand,
granular soil-cements do not appear susceptible to sulfate
attack. In some cases the presence of small amounts of sulfate
in the soil at the time of mixing with the cement may even be
beneficial. The use of sulfate-resistant cement may not improve
the resistance of clay-bearing soils, but may be effective in
granular soil-cements exposed to adjacent soils and/or
groundwater containing high sulfate concentrations.

The sulfate of a soil should be considered in the
selection of cement as a stabilizer. The use of cement for fine-
grained soils containing more than about 1 percent sulfate should
be avoided.
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3. Water for Hydration

Potable water is normally used for cement stabilization,
. although sea water has been found to be satisfactory in several
cases.

D. TYPICAL PROPERTIES OF CEMENT-STABILIZED SOILS
1. General

For many applications soil-cements and cement-treated

soils can be divided into groups: granular and fine-grained.

Granular soil-cements are made using the coarser-grained

cohesionless soil types, i.e., A-1, A-2 and A-3 soils according

i to the AASHTO classification system and the (G-) and (S-) soils

according to the Unified Soil Classification System, MIL-S10-

619B. Fine-grained soil-cements are made using cohesive soils,

i.e., AASHTD class A-4, A-5, A-6 and A-7 soils, corresponding to
the (C-) and (M-) soils in the Unified System.

The properties of cement-treated soils are strongly
dependent on density, water content and confining pressure. The
development of generalized property relationships 1is further
complicated by the fact that cement content, curing time and
conditions, and the deleterious effects of past loadings and
weathering are also important. Unconfined compressive strength
is wused successfully to indicate the suitability of particular
soil cement for structural or modification applications.

In general, for a given cement content, the higher the
density the higher the strength of cohesionless soil and cement
mixtures. Both water content at compaction and compaction method
may be important in cohesive soil and cement mixtures.

2. Compaction Characteristics

Cement addition to a soil generally causes some change in

both the optimum water content and maximum dry density for a

given compactive effort. Often direction of this change is not

predictable. The flocculating action of the cement tends to give

an 1increase in optimum water content and a decrease in maximum

density; whereas, the high specific gravity of the unhydrated

cement (3.1) relative to the soil tends to produce a higher

density. The gradation of the unhydrated portland cement

. relative to that of the soil may also be important because it
influences the packing of particles.

A delay between mixing and compaction leads to a decrease
in both density and strength for a fixed compactive effort. If,
however, the compactive effort is increased so that the original
density is obtained, and provided no significant amount of cement
hydration occurs during the delay period, then no strength loss
is observed.

47




il

NV
yi. ey " 7

BRI A AR LEAIET A * ‘a8

3. Strength

The strengths of soil and cement mixtures may range from
less than a few tens to more than 2,000 psi, depending on such
factors as type of loading, cement content and curing conditions.
In general, the highest strengths are associated with mixtures
prepared from cohesionless soils. The less plastic the soil, the
smaller the deformation required to cause failure.

4, Compressive Strength

The unconfined compressive strength is probably the most
widely used measure of the effectiveness of cement treatment, It
may be as low as 200 psi for fine-grained soil cements (cement
requirement as low as 3 percent by weight) to well over 2,000 psi
for coarse grained soils with higher cement contents (about 15
percent by weight). A linear relationship has been used to
approximate compressive strength of a given soil based on percent
cement used. See Figure 16.

The relationship between strength and curing time for a
given soil and cement mixture can be given by:

(UC)q = (UC)d0 + K log (d/d,)

where (UC)y = unconfined compressive strength at an age
of d days, in psi

(UC)d = unconfined compressive strength at an age
0 of d, days, in psi

X = 70 C for granular soils and 10 C for
fine-grained soils and

C = cement content, in percent by weight,

The 28-day strength was found to be 1.4 to 1.7 times the
7-day strength by different researchers. A value of 1.5 times
the 7-day strength would seem a reasonable value for estimating
purposes.

5. Tensile Strength

Flexural beam tests, direct tension tests, and the split
tension tests have all been used to evaluate the tensile
strength, The results of several studies have indicated that the
flexural strength is about one-fifth to one-third of the
unconfined compressive strength. In low-strength mixtures, the
flexural strength is a greater proportion of the compressive
strength (up to one-third) than in high-strength mixtures {(down
to less than one-fifth). A good approximation for the flexural
strength f is:
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Dota from Watkins (1971), uc=150¢
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Figure 16.

NN
o

Relation Between Cement Content and
Unconfined Compressive Strength for

Soil and Cement Mixtures (After Ref. 1).

(Equations give strength in psi).
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f = 0.51 (uc)0-88
where UC is the unconfined compressive strength,

Griffith crack theory has been found useful for
characterizing the strength of cement-treated soils under various
combinations of major (o,) and minor (03) principal stresses.
Normalized strength data (%ailure stresses divided by the uncon-
fined compressive strength) for several soils are summarized in
Fiqure 17, With this figure and a knowledge of the unconfined
compressive strength, principal stress combinations causing
failure can be estimated directly. These data may prove valuable
to the pavement engineer as a tool for predicting fracture poten-
tial for specialized or expedient design situations.

6. California Bearing Ratio (CBR)

The relationship between unconfined compressive strength
and CBR for some granular and fine-grained soil and cement
mixtures is shown in Figure 18, The difference between the
relationships for fine-grained and granular-treated soils
probably results from the uncertainty associated with the
application of the CBR test to coarse-grained soils. The meaning
of CBR values greater than 100 percent in relation to pavement
design and performance is not clear., Accordingly, the high
values of CBR in Figure 18 can be interpreted as a strength index
only.

7. Deformation Characteristics and Moduli

In general, the stress-deformation behavior of cement-
stabilized soils is nonlinear and stress-dependent. However, for
many soils and treatment levels, and within Timited loading
ranges, the material may be assumed as linearly elastic under
repeated loadings. Deformation moduli may range from about
10,000 psi to several million psi, depending on soil type,
treatment level, curing time, water content and test conditions.
Cement -treated fine-grained soils have modulus values near the
lower end of the range, whereas granular soil-cements exhibit the
higher values. Different relationships between modulus and
strength apply to different soil types.

The modutus under repeated loading conditions depends on
soil type, cement content, compaction and curing conditions, and
test type. Still the unconfined compressive strength, which
depends on the same variables, is a useful correlating parameter.
Beyond some number of load repetitions, in the range of a few
hundred to 10,000, the resilient modulus in compression MRC can
be expressed by:

Mpe = Ke (o -o3) o (e3) © (o)

where UC = unconfined compressive strength, in psi,
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(6y - 03) = deviator stress, in psi,
03 = confining pressure, in psi,
K. = material constant,

k]. = 0.2 to 0.6,
k2 = 0.25 to 0.7,

= 1.0 + 0.18 C and

>
|

C = cement content in percent by weight.

Determination of ky, k, and K requires separate measure-
ments of Mpe under at ]eas% two values of 03 and two values of
(07 - 93)

If it is assumed that confining pressure has no effect on

resilient modulus in flexure, MRrF» then, from the results of beam
tests:

Mpe = Kg (10)™ - UC

where KF = material constant,
UC = unconfined compressive strength, in psi,
m = 0.04(10)"-186C ang
C = cement content in percent by weight.

At working stress levels for pavement bases and treated
subgrades, Poisson's ratio is in the range of 0.1 to 0.2 for
treated granular soils. Treated fine-grained soils exhibit
somewhat higher values, with a typical range of 0.15 to 0.35.

8. Fatigue Behavior

Cement-treated soils are susceptible to fatigue failure
after repeated application of stresses greater than some 1imiting
value. Fatigue in flexure is of greatest interest because of its
relevance to pavement c~acking. Listed below are some general

observations concerning the fatigue behavior of cement-treated
soils.

a. Fatigue life is shorter under repeated direct tensile
stresses than in compression.

b. Flexural fatigue is unliikely for repeated stress
levels less than 50 percent of the flexural strength,
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€. The flexural fatique of soil-cement can be related to

radius of curvature according to: .
Re/r = aNP
where RC = c¢ritical radius of curvature, i.e., the radius of »
curvature causing failure under static loading,
R = radius of curvature leading to failure under
N load applications,
h3/2
a =y
2.1h-1

h = slab thickness, inches

b = 0,025 for granular soil-cements and 0.050 for
fine-grained soil cements and

N = number of load applications.,

d. Repeated tensile stresses cause a progressive
decrease in tensile strength froms its initial value T;. When
the strength drops to F, cracking failure is initiated. A rela-
tionship between Fp5x/T; and the number of stress repetitions of
Ng¢to cause failure that fits available fatigue data well is
shown in Figure 19. The two curves shown pertain to different
times after treatment.

9. Shrinkage

Cement-treated soils exhibit shrinkage on curing and
drying in an amount that depends on cement content, soil type,
water content, degree of compaction and curing conditions. Some
amount of shrinkage cracking should be considered inevitable in
soil-cement pavement slabs. Field observations indicate the
cracks to be from 1/8 to 1/4 inch wide at spacings of 10 to 20
feet. The smaller crack spacings are usually associated with the
higher clay content soils. Because of the likelihood of
shrinkage cracks in soil-cement road bases, it is important to
consider edge loading conditions in thickness design and to
provide surface sealing so that water is prevented from entering
the subgrade and consequent to loss of support.

Table 6 provides a general summary of the properties of
cement-stabilized soils. The numerical values indicated are
typical for usual conditions. Final design values in any case
should be based, whenever possible, on carefully conducted tests
in which the anticipated field conditions are simulated as
closely as possible.

be used by the pavement engineer - analyzing pavement systems
containing stabilized layers by laye - d elastic modeling.

These summarized values are presented as a guide and can i
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TABLE 6.

(MODIFIED FROM REF. 1).

SUMMARY OF THE PROPERTIES OF CEMENT-STABILIZED SOIL

(UC = Unconfined Compressive Strength; C = Cement Content, Percent by Weight)

Property

Granular Sofls Fine-Grained Soils

Notes

Unconfined Compressive
Strength

-(weolso)c UC « {40 to 80) €
(UC) 4 = (UC) 4 * K Yog (¢7d 0)

XK = 70 C {pst) X = 10 C (pst)

uc n
d'loe(dm)(d>d)

(UC)4 = UC strength at
o age of 49 days

Cohestion

To a few hundred psi
C = 7.0 «0.225 {(UC) pst

To a few hundred psi

Depends on C, ¢

Friction Angle

45-45° 30-40°

May decrease at high con-
fining pressure

Flexural and Tensile
Strength

Tensile Strength = (3- to 3) gownss(ve
trength

Need 1-3 percent cement to
develop

Strength under Cordined
Stress States

)2 - UC(alMJ) for GJ/UC < 0.1

1 " UC ¢+ 50, foro,NC < 0.}
{compression positives)

(u'-e:,

Relationships developed
vsing Griffith crack
theory

CBR « 0.55 (uc) -

uc 1n pst

Modulus-Compression

12100 - 5x10° psi 10° - 10° psi
0.75(1-s1n¢) (0-04)
Et = [1- 7€ cosetlo sl‘m Jz E'
3

- 23)n
E =X, (5:)

Depends on stress leve)
E‘ e {nitfal tangent modulus

E‘ = tangent sodulus

o3 ° confining pressure
[ atmospheric pressure
ne=0.1-0.5

K = 1000 - 10,000

Hodulus - Tenzion
Flexure

Resilient Modulus -
Compression

Resilient Modulus -
Flexure

Same order magnitude as in compression

-k k
Moc * Kc(crca) ](03) Z(UC)n

Hog = K100 - U

€ > Et {usually

t, *= 0.2 to 0.6

"2 = 0,26 to 0.7

n =1.0+0.18¢
m = 0.04(10) " '86C

Effect of confining pressure
not known

Fatigue Behavior

Mo fatigue for F/T‘ < 0.50

T, = tnitfal tensile strength

]
(o‘-o 2
EI_T for 0"’303 >0

Feroy o430yl

Poisson's Ratfo

0.1 = 0.2 0.15 - 0.35

Shrinkage

A few tenths of Up to 1 percent

Shrinkage cracks generally

percent inevitable
Therma) Properties k = 0.6 k«0.3 BTU - ft/hr . ft7 . °F
(a) Conductivity
(b) Heat Copacity C = 0.82 BTU/1b . °F
(c) Thermal ce5x10°® of
Expansion c=9x 108 oc!
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E. SELECTION OF CEMENT CONTENT
1. Approximate Quantities

Table 7 lists the usual cement requirements for soil-
cement for various soil types classified according to the AASHTO
and Unified systems. An approximate cement content may be
selected from this table. The cement content ranges indicated
are for soil-cement, a hardened material that will pass rather
severe durability tests. For many applications, e.q., treated
subgrades, subbases, low volume roads, and mild exposure condi-
tions, satisfactory stabilization may be achieved with 1ower
cement contents.

2. Detailed Testing

For major projects, and when soil-cement meeting
specified durability conditions is required, a more detailed
testing program is needed. The flow diagram in Figure 20 may be
used as a basis for determination of the cement content. The pH
determination is used to establish whether sufficient deleterious
organic matter is present to inhibit cement hydration (see
Appendix C, Section C). The sulfate determination will establish
the possibility of adverse sulfate reactions (see Appendix C,
Section IV).

a. Description., There are three standard tests:
moisture-density, wet-dry and freeze-thaw; a short-cut test for
sandy soils and a rapid test procedure used for soil-cement
stabilization. The moisture-density test determines the proper
(optimum) moisture content and maximum density for molding
laboratory specimens. In the field, this test is used to
determine the quantity of water to be added and the density to
which the mixture should be compacted. The wet-dry test
indicates whether the hardened soil-cement will stay hard or
soften from exposure to moisture variations., The freeze-thaw
test not only shows how soil-cement reacts to weather, but also
whether the cement has hardened the soil or not. Short-cut test
procedures for sandy soils do not involve a series of new tests,
but rather use previous test information to reduce the testing
required. The rapid test procedure is adequate for emergency
construction and for small projects where more complete testing
is impractical.

b. Selection of Cement Contents. Specimens prepared
with very high cement contents will all pass the tests. On the
other hand, inadequate cement contents will cause all specimens
to fail the test.

(1) The principal requirement of a hardened soil-
cement mixture is to withstand exposure to the elements,
Although strength is also required, most soil-cement mixtures
which possess adequate resistance to the elements also possess
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adequate strength, The reverse is not always true. For example,

a compacted, clay loam soil (without added cement) can withstand . y
relatively heavy loads. When mixed with cement and compacted, -
the same soil will have a stability equal to that of the raw soil "
(before the cement hardens). Under the effects of moisture, the "
original soil (without cement) will lose stability even though .

compacted. The soil with cement, upon hardening, will show an
increase in stability.

(2) Economy is another important factor. Experience ‘
shows that approximately 85 percent of the soils considered for ;
soil-cement stabilization can be adequately stabilized by adding
14 percent or less of cement. However, more than 50 percent ‘
require only 10 percent or less of cement. Selecting the optimum hy:
amount can result in a sizeable saving of cement. :

(3) As a general rule, the cement requirement "
increases as the silt and clay content increases, and a gravelly .
or sandy soil will require less cement. There is one exception.

A poorly graded, one-size-particle sand with no silt and clay

will require more cement than a sandy soil with some silt and

clay. Well graded mixtures; containing gravel, coarse and fine by
sands and with or without small amounts of silt or clay; require
five percent or less of cement by weight. The poorly graded, .
one-particle-size sand requires about 9 percent by weight. The
other sandy soils require only 7 percent, Nonplastic or

moderately plastic silty soils require 10 percent and plastic .
clays 13 percent or more. 5
(4) Table 7 indicates the usual cement contents for -
moisture-density, strength, wet-dry and freeze-thaw durability
testing., Where classification appears in more than one category, -
plasticity and organic content are considerations., The cement {
contents are used as preliminary estimates which are verified or -
modified as the test data become available. .

c. Preparation for Testing. Two methods of testing will
be described. The first is used with soils containing material
that is retained on the Number 4 sieve {up to a maximum of 45
percent) and the second for soils not containing material that is
retained on the Numpber 4 sieve. The maximum size particle used
in the test specimen is 3/4 inch. If larger particles are pre-
sent in the sample, they are replaced with an eguivalent weight .0
of material from the portion that passes the 3/4-inch sieve and
is retained on the Number 4 sieve. About 75 to 100 pounds of

soil are prepared for testing. When necessary, the sample is 3
dried until it is friable under a trowel. This may be .-
accomplished by air-drying or oven-drying at a temperature of .

1409 . The soil is then separated on the 3-inch, 3/4-inch and
Number 4 sieves, A1l clusters should be broken up into
individual particles. The soil passing the Number 4 sieve should
he well mixed and stored in a covered container throughout the
dyration of the test., The material larger than the 3-inch sieve
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is not included in the calculations of grain-size distribution,
but its quantity is noted and the material discarded. The
material retained on the 3/4-inch and Number 4 sieves is weighed
and the weights recorded. They will be used in the computations.
The material retained on the 3/4-inch sieve is replaced with the
material retained on the Number 4 sieve.

3. Moisture-Density Relationship

Before starting this test, it is necessary to select the
cement contents to be used in the freeze-thaw and wet-dry tests.
The cement contents are usually selected in 2 percent increments
to encompass the values given in Table 7. For example, Table 7
lists 7 to 11 percent for the SP sand. The cement content incre-
ments would be 7, 9 and 11 percent. In the CL-CH group (9 to 15
percent), the selected 1ncrements would be 10, 12 and 14 percent.
Since maximum density varies only slightly with variations in the
cement content, only the median value is used in preparing speci-
mens for the moisture-density test. The procedures for determi-
ning the optimum moisture content (OMC) are similar to those
described in MIL-STD-621A, Method 100, or ASTM D-558 with the
following exceptions., Compaction is performed on five layers of
approximately equal thickness to result in a total compacted
depth of 5 inches. £Etach layer is compacted by 25 uniformly
spaced blows of a 10-pound tamper (2-inch diameter face) dropped
from a height of 18 inches. The computations and OMC determina-
tions then follow the procedures described in MIL-STD-621A,
Method 100 or ASTM D-558.

4. Wet-Dry and Freeze-Thaw Tests

After determining the maximum density and OMC, specimens
must be molded for the wet-dry and freeze-thaw tests, These
specimens are prepared, using the computed OMC and the cement
contents described above for the different soil classifications.
The cement contents are selected in 2 percent increments either
side of the median value., Two specimens are molded for each of
the three cement contents; one for the wet-dry test and one for
the freeze-thaw test. The same procedure is used to mold the
specimens as was used for the OMC determination. Special care
must be used to scarify the surfaces between layers to assure a
good bond. When the second layer is being placed, a 750-gram
sample should be taken for a moisture determination, The molded
specimens are placed in a moisture cabinet in an atmosphere of
high humidity for 7 days to permit cement hydration before
testing.

a. Wet-Dry Test. This test is to be performed 1n
accordance with ASTM D-559,

b. Freeze-Thaw Test. This test is to be performed
in accordance with ASTM D-560.
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5. Compressive Strength Test

Compressive strength is a supplementary consideration to
the resistance to weather. Five specimens are molded, for each
of the three cement contents using the optimum moisture and the
molding procedure of the moisture-density test. If a 4-inch
diameter, 4,5-inch high specimen is to be molded (a 2.0-inch
diameter, 4.0-inch high specimen is also acceptable), only the
samples with material retained on the Number 4 sieve {(up to 45
percent maximum) are used. Compressive strength tests are
conducted after 2, 7, 14, 21, and 28 days (tests at 14 and 21
days are optional)., Four hours prior to the test, one specimen
at each cement content is withdrawn from the moisture cabinet and
immersed in tap water at room temperature (approximately 70°FL
Each specimen is tested in the compression machine until failure
and the total load required for failure is recorded. The
compressive strength in pounds per square inch is computed by
dividing the total load by the average area of the top and bottom
of the specimen, See ASTM D-1632 and D-1633 for fabrication and
testing.

6. Calculations and Criteria

The results of the wet-dry and freeze-thaw cycles are
indicated as soil-cement 1osses. These losses are computed by
using the original dry weights and final corrected dry weights.

a. Water-of-Hydration Correction. The final oven-dry
weight of the specimen includes some water used for cement
hydration that cannot be driven off at 230°F. The average amount
of this water retained in the specimen is based on the type of
soil; gravels 1 1/2 percent +, sands 2 1/2 percent +, silts 3
percent +, and clays 3 1/2 percent +. This correction is com-
puted by the following formula:

Corrected oven-dry weight =

measured oven-dry weight of specimen x 100
percent water retained + 100

Example: Sample composed mostly of sand weighs 3.77 pounds
at the end of the test. Water-of-hydration is 2.5
percent.

Corrected oven-dry weight =

3,77 _ 3.7
55 1o ¢ 100 = Toh5T = 3.68 1b.

b, Soil-Cement Loss. The soil-cement 10SS can now be
calculated, as a percentage of the original dry weight, or:

Soil-cement loss =
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(Original oven-dry weight) - (Corrected oven-dry weight) x 100
~0Original oven-dry weight

Example: The sample in the example above weighed 3.99 pounds
originally.

Soil-cement loss = 3;22_;_§;§§ x 100 = 7.8 percent
’ 3.99

This value would be reported to the nearest whole
number or as 8 percent.

¢, Durability Criteria. Criteria for satisfactory per-
formance of soil-cement in the durability tests are listed in
Table 8. Cement contents sufficient to prevent weight losses
greater than the values indicated after 12 cycles of wetting-
drying-brushing or freezing-thawing-brushing are adequate to
produce a durabie soil-cement, Soil-cement mixes designed in
this way can generally be expected to perform satisfactorily as
roadway base courses. An exception to this is the case of
cement-treated uniform sands. Recent experience shows that with
low-cost, low-volume roads, excessive shrinkage cracks develop if
the full cement requirement is used. An unsightly pavement
develops as a result, and slippage of thin (1 to 1 1/2 inches)
asphaltic concrete surfacing may occur. Although some shrinkage
cracking is inevitable, as noted earlier, it can be minimized in
uniform sands if the cement and water contents are held tog 4
minimumwhile still obtaining a desired compressive strength,
usually about 300 psi.

d. Strength Criteria. The strength of soil cement
specimens tested in compression at various ages should increase
with age and with increases in cement, in the ranges of cement
contents producing results meeting the requirements above. A
sample that has an unconfined compression strength of
approximately 300 psi after curing 7 days and shows increasing
strength with age can be considered adequately stabilized.

e. (Cement Weight-to-Volume Conversion, The required
cement content by weight must be converted to the equivalent
cement content by volume for control during construction, Ssince
this is the easier quantity touse in the field., The following
formula 1llustrates the calculation:

Volume of cement (percent) = 0-0/C) «x 100
94

where D = oven-dry density of soil-cement (1h/cu ft),

¢ - 100 +« percent cement {(by weight) and
100

94 = weignht of 1 cu ft of cement,
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TABLE 8. CRITERIA FOR SOIL-CEMENT AS INDICATED BY WET-DRY AND
FREEZE-THAW DURABILITY TESTS (AFTER REF. 5).

AASHTO Unified Soil Maximum Allowable
Soil Group Group Weight Loss - Percent

A-1-a GW, GP, GM, SW, SP, SM 14

A-1-b GM, GP, SM, SP 14

A-2 GM, GC, SM, SC 18*

A-3 . SP 14

A-4 L, ML 10

A-5 ML, MH, CH 10

A-6 CL, CH 7

A-7 OH, M4, CH 7

*10 percent is maximum allowable weight loss for A-2-6 and
A-2-7 soils.

Additional Criteria:

1. Maximum volume changes during durability test should be
less than 2 percent of the initial volume.

2. Maximum water content during the test should be less than
the quantity required to saturate the sample at the time

of molding.
3. Compressive strength should increase with age of specimen. »
3
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7. Modified-Mix Design for Sandy Soils

Sandy soils are generally the most readily and J
economically stabilized because they require the least amount of
cement for adequate hardening and because they contain a minimum
amount of material which prevents intimate mixing of soil and

v cement, The following short-cut testing procedures for sandy
soils will not always indicate the minimum cement contents
required but the results will be close enough to be on the safe
side and economical.

Two procedures are used; one for soils not containing
material retained on the Number 4 sieve, and the other for soils
containing material retained on the Number 4 sieve. The proce- .
dures can be used only with soils containing less than 50 percent
of material smaller than 0.005 mm (clay). Dark gray to black
sandy soils obviously containing appreciable organic impurities,
together with miscellaneous granular materials such as cinders,
caliche, chat, chert, marl, red dog, scoria, shale, and slag
should be tested using the full procedures and not tested by the
modified methods for sandy soils. When coarse grained or sandy
soils (generally of groups GW, GP, GM, SW or SM) are encountered,
they may be classified for testing purposes using either the
first or the second procedure. There is one other exception.
Granular soils with materials retained on the Number 4 sieve
whose bulk specific gravity is less than 2.45 cannot be tested.

a. The procedure consists of the following sequence:
(1) Determine the soil gradation.

(2) Determine the bulk specific gravity of the
material retained on the Number 4 sieve, ASTM C-127.

(3) Perform the moisture-density test for an
estimated soil-cement mixture.

(8) Locate the indicated cement requirements from
the charts, ;

(5) Perform compressive-strength tests to verify the
cement requirement.

b. The step-by-step method for soils with no material
retained on the Number 4 sieve is as follows:

(1) Determine the maximum density and OMC for 4
mixture of soil and cement, figure 21 will give an estimated
maximum density. This value and the percentage of materig!
smaller than 0.05 mm are used with Fiqure 22 to determine an
estimated cement content. A
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(2) Use the maximum value [(a) above] and Figure 22
to determine an indicated cement requirement.

(3) Mold three compressive-strength specimens at
maximum density and OMC.

(4) Moist-cure the specimens for 7 days and test for
strength,

(5) Plot the value of the averaged compressive
strength in Figure 23. 1If this plot is below the curve, the
cement factor is probably too low and needs adjusting. Two new
test specimens are prepared; one at the cement content as
computed in (b) above, and the second with a two percent higher
cement content. The full freeze-thaw test is performed on these
two specimens.

c. The method of testing of soils containing material
retained on the Number 4 sieve is as follows:

(1) Determine the maximum density and optimum mois-
ture content for a mixture of soil and cement. Use Figure 24 for
an estimated maximum density, and Figure 25 with this density,
percentage of material retained on the Number 4 sieve and percen-
tage smaller than 0.05 mm to determine cement content. The 45
percent maximum retained on Number 4 sieve (discussed in Section
IVE)still applies. Also, any material larger than 3/4-inch
must be replaced with an equivalent weight ~{ the material
passing the 3/4-inch sieve and retained on the Number 4 sieve,

(2) Using the maximum density from (a) above and
Figure 25, determine the indicated cement requirement.

(3) Mold test specimens at maximum density and OMC.

(4) After 7 days moist-curing, test for compressive
strength and average.

(5) Using Figure 26, determine the allowable
compressive strength for the soil-cement mixture., Connect points
on the right-and-left hand scales of the nomograph and read the
minimum required compressive strength from the inclined center
scate. If the tested strength is equal to or greater than the
allowable, the cement content is adequate. If the strength is
o0 low, the cement factor is also too low, and a full test
snould be performed,

. Approximate and Rapid Tests

i, Squeeze Test. A sample mixture of soil, cement and
“-v he testea for optimum moisture content by squeezing
"reonands, When squeezed firmly, the sample at optimum
~+ent wi'l form a cast that will cling together and
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moisten the hands but water cannot be squeezed out of the
mixture.

b. "Pick" and "Click" Tests. Specimens covering a wide
range of cement contents (for example: 10 percent, 14 percent,
and 18 percent) are, molded at optimum moisture and maximum
density. After at least 1 or 2 days of hardening while kept
moist, and after a 3-hour soaking period, the specimens are
inspected by "picking" - done with a pointed instrument such as a
dull ice pick or bayonet - and by sharply "clicking" each speci-
men against a hard object such as concrete or another sound
specimen, to determine their relative hardness when set, [f the
specimen cannot be penetrated more than 1/8 to 1/4 inch by
"picking" and if it produces a clear or solid tone upon
"clicking," and adequate cement factor is indicated. When a dull
thud or "punky" sound is obtained, there is inadequate cement
even though the specimen may resist picking. The age of the
specimens is defintely a factor, and a specimen which may not
test properly at first try may harden properly a few days later.
Some satisfactory specimens require 7 days or longer to produce
adequate hardening. The test results will indicate the proper
content, If the results show that some intermediate content may
be satisfactory, new test specimens (at the suggested content)
should be prepared and tested. Too much cement is not harmful
(although more expensive), but too little will not produce a
satisfactory stabilization.

F. ADDITIONAL INFORMATION

Additional information concerning the design of cement
stabilized soils can be obtained from the Soil Cement Laboratory
Handbook (5).
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SECTION V
ASPHALT STABILIZATION

A. GENERAL

Asphalt-bound materials provide a resilient, water-proof,
load-distributing material that can be used for subbase, base or
surface courses, The flexibility of asphalt-stabilized materials
permits the pavement to undergo long-term movements, such as
those caused by consolidation or active subgrade soils, without
excessive cracking. However, asphalt-bound materials are
unsatisfactory (if not properly protected) for use in areas where
fuel spillage is expected and where heat and blast effects from
jet aircraft are severe.

The major reasons for using asphalt stabilization are to:

1. Waterproof fine-grained soils,

2. Meet construction expediency,

3. Upgrade marginal materials,

4. Reduce pavement layer thickness to conserve materials,
reduce costs and conserve energy,

5. Provide temporary and permanent wearing surfaces, and
6. Reduce dusting.
B. RELATED MATERIAL

1. Air Force Manual 88-6, Chapter 9, Bituminous Pavements
Standard Practice, for design and construction operations,

2. Air Force Manual 88-6, Chapter 2, Section 7, Flexible

Pavement Design for Airfields, for general design considerations

associated with surface courses made with asphalt binders.

3. Air Force Manual 89-3, Materials Testing, for material
testing techniques.

4. The Asphalt Institute (MISC-74-2) Mix Design Methods for
Liquid Asphalt Mixtures, for mix design methods for liquid
asphalt mixtures [6).

5. The Asphalt Institute (MS-14) Asphalt Cold Mix Manual,
for construction procedures and specifications on cold-mix
operations with asphalt (7).
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6. The Asphalt Institute (MS-2) Mix Design Methods for
Asphalt Concrete, for design methods associated with hot-mix
operations (8).

7. Federal Highway Administration (FHWA-1P-79-1), Volume 1,
A Basic Asphalt Emulsion Manual, for understanding, using and
designing mixtures containing asphalt emulsions (9).

8. Federal Highway Administration (FHWA-1P-80-2) Soil
Stabilization in Pavement Structures - A User's Manual, for
additional detail on mixture design, pavement design and
construction considerations (1).

9. Chevron, USA, Bituminous Mix Manual, for mix design and
guide specifications for emuTsion stabilization (10).

C. TYPES OF ASPHALTS

Asphalts are one of the two major groups of bituminous
materials used in pavement construction. Tars are the other
major group. Tars are more susceptible to temperature changes,
more toxic and difficult to handle. However, tars are more
resistant to jet fuel spillage and are less likely to strip from
aggregates in the presence of water. This manual considers only
the use of asphalt for stabilization purposes. Tars are rarely
used for pavements except as binders for surface courses in areas
where fuel spillage can be expected.

Asphalts are found in natural deposits; however, the vast
majority are refined from petroleum. Asphalt cement is the basic
refined material and is the hard, high-molecular weight, fraction
of crude oil. Asphalt cement at ambient temperatures is a semi-
solid. Liquid asphalt products are most often derived from
asphalt cement by blending petroleum distillates to form cutbacks
or by emulsifying with water to form emulsified asphalts.

1. Asphalt Cements

Asphalt cements are graded on the basis of consistency or
viscosity. Three different techniques are used to grade asphalts
on this basis: penetration at 779F of original asphalt,
viscosity at 140%F of original asphalt and viscosity at 1409F of
laboratory-aged asphalt. Specifications have been developed by
AASHTO, ASTM and a West Coast User Producer group (Table 9).
Typical penetration grades are 40-50, 60-70, 85-100, 120-150 and
200-300, Typical viscosity grades are AC-5, AC-10, AC-20 and AC-
40,

Asphalt cements must be heated to obtain a mixing and
spraying consistency., Asphalt cements are normally used in
central plants with heated aggregates; however, soft asphalt
cements have been mixed in-place and some hard asphalts have been
used in foaming operations in-place. The curing or setting time
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‘S TABLE 9. ASPHALT SPECIFICATIONS.

- Specification

A Material AASHTO ASTM
.

Penetration basis M20 D946

Asphalt Cement

Viscosity basis M226 D3381
)
Y Rapid curing M81 02028
' Cutback Medium curing M82 02027
; Slow curing M141 02026
\
n Anionic M140 0977
N Emulsion

Cationic M208 D2397
E
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of mixtures using asphalt cements occurs as the heat required for
mixing, laydown and compaction dissipates. Thus, strength and
other properties are developed within a few hours after
construction is complete.

2. Cutback Asphalts

Cutbacks are combinations of asphalt cement and a
petroleum diluent blended to provide viscosities suitable for
mixing and spraying at relatively low temperatures. Cutbacks are
graded based upon curing time and consistency. Curing time is
varied by the solvent used in cutting back the asphalt cement,
while the viscosity (consistency) is controlled by the amount of
solvent, Rapid-cure cutbacks (RC) use a naphtha or gasoline type
solvent, medium-cure cutbacks (MC) use kerosene-type solvents and
slow-cure cutbacks (SC) use low-volatility oils or oils that are
made during the refining process.

Grade designations for viscosity graded RC, MC or SC
materials are typically as shown below:

RC-70, RC-250, RC-800, RC-3000
MC-30, MC-70, MC-250, MC-800, MC-3000 and
SC-70, SC-250, SC-800, SC-3000.

The lower 1imit of the viscosity range for the grade of
cutback is given in the material designation. The upper
viscosity limit is twice that of the lower limit. For example,
an RC-70 is a Rapid Curing cutback with a viscosity at 1400F
between 70 and 140 centi-stokes.

It is usually desirable to heat cutbacks to aid
distribution and mixing. Partial curing is usually necessary
after mixing and before compaction. Most cutbacks are used for
in-place operations.

3. Emulsified Asphalts

Emulsified asphalts are mixtures of asphalt cement, water
and an emulsifying agent. Anionic emulsions are manufactured
with anionic (negatively charged) emulsifying chemicals,
Cationic emulsions are manufactured with cationic {(positively
charged) emulsifying chemicals. The type and amount of emulsi-
fying agent will determine to a large degree the setting charac-
teristics of the asphalt emulsion. Rapid-setting (RS), medium-
setting (MS) and slow-setting (SS) anionic and cationic emulsions
are manufactured., Some medium-setting emulsions may contain
small amounts of petroleum solvents (up to 12 percent) to aid
mixing and provide stockpiling capability to mixtures made with
the emulsion. Characteristics of the asphalt cement used in
manufacturing the emulsion and viscosity of the asphalt emulsion
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are used to define the grade. For example, a major difference

between the CRS-1 and CRS-2 (cationic rapid-setting emulsions) is
. the viscosity of the emulsion, while the major difference between

CMS-2 and CMS-2h (cationic medium-setting emulsions) is the pene-

tration of the base asphalt content, It should be noted that a

wide number of asphalt suppliers use company terminology to
- describe emulsions,

A review of the above descriptions of asphalt products
indicates that a large number of asphalts are available for soil
stabiiization purposes. ASTM specified 49 different asphalts.
Selections of the type of asphalt for a given stabilization use
is discussed later. In general asphalt cements are used in hot
central plant operations, while medium and slow curing cutbacks
and medium and slow setting emulsions can be used for in-place
stabilization operations.

D. MECHANISMS OF ASPHALT STABILIZATION

The mechanisms involved in the stabilization of soils and
aggregates with asphalt differ greatly from those involved in
cement and lime stabilization. The basic mechanism involved in
asphalt stabilization of fine-grained soils is a waterproofing
phenomenon. Soil particles or soil agglomerates are coated with
asphalt, resulting in a membrane that prevents or slows the
penetration of water. Under normal conditions water infiltration
would result in a decrease of shear strength, compressive
strength, tensile strength, flexural strength and elastic
modu lus. In addition, asphalt stabilization can improve
durability characteristics. Since the soil particles or
aggregates are coated with water-repelling asphalt film, the soil
is resistant to the detrimental effects of water such as volume
change due to alternating wet-dry and freeze-thaw cycles.

In noncohesive materials, such as sands and gravel, crushed
gravel, and crushed stone, two basic mechanisms are active:
water-proofing and adhesion, The asphalt coating on the
cohesionless materials provides a membrane which prevents or
hinders the penetration of water and thereby reduces the tendency
of the material to 1ose strength, elastic modulus, etc., in the
presence of water.

The second mechanism has been identified as adhesion. The
aggregate particles adhere to the asphalt and the asphalt acts as
a binder or cement. The cementing effect increases shear
strength by increasing cohesion. The effect of the asphalt on
the angle of internal friction is minimal. Other property
improvements resulting from the asphalt cement include an in-
crease in tensile strength, compressive strength, flexural
strength and elastic mocdulus,
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In addition to the benefits cited above for asphalt
stabilization, the stabilized layer may prevent surface water .
from penetrating into the subgrade, resulting in a strength loss
of the subgrade materials. In surface course applications, the
asphalt binder has the capability of eliminating or reducing the
occurrence of raveling, rutting, washboarding, loss of fines, .
etc., under traffic.

E. SOILS SUITABLE FOR ASPHALT STABILIZATION

A number of criteria have been suggested for establishing the
suitability of soils for asphalt stabilization. Suggested
criteria are given below for botn fine- and coarse-grained soils.

1. Fine-Grained Soils

Fine-grained soils may be stabilized with asphalt, depen-
ding upon the plasticity characteristics of the soil and the
amount of material passing the Number 200 sieve. Because of the
extremely high surface area of the finer soil particles, a large
percent of asphalt would be required to coat all of the soil
surfaces. Since this is virtually impossible, agglomerations of
particles are coated with economical nercentages of asphalt, The
gradation of fine-grained soils suitable for asphalt stabili-
zation are shown in Table 10. As noted in this table, the amount
of material passing the Number 200 sieve should be less than 25
percent. In addition, the plastic index should be less than 1N
to assure that adequate mixing is possible. If proper mixing is
not obtained, the plastic fines may swell upon contact with
water, resulting in a substantial loss of strength.

2. Coarse-Grained Soils

Cohesionless soils (plasticity index 1less than 6)
suitable for asphalt stabilization are shown in Table 10 and
identified as sand-bitumen and sand-gravel-bitumen, In addition,
cohesionless soils identified as suitable for hot mix asphalt
concrete by AASHTO, ASTM, and states, counties and cities are in
general acceptable. Examples of acceptable gradations can be
found in ASTM D-3515 or in Table 11, Asphalt stabilized
materials made with well or dense-qraded aggregate have higher
strength, etc., than the more one-sized sand-asphalt mixture,

a. Suitability of Rock Types. Alkalino rocks (i.e.,
limestone, doTomite) provide better adhesion with asphaltic films
in the presence of water than acid or silicious rocks (i.e.,
granite, quartzite), Where acid rocks are used, addition of an .
antistripping agent or hydrated lime may be required.

Currently, the most commonly specified tests to
insure aggreqates quality are resistance to abrasion (ASTM C-131)
and soundness (ASTM C-8R)., Commonly specified values for abhra-
sion are 4N {maximum) for surface courses and 50 (maximum) for
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TABLE 10. ENGINEERING PROPERTIES OF MATERIALS SUITABLE FOR E

BITUMINOUS STABILIZATION (AFTER HERRIN,Ref. 11). )

5

. Percent Passing Sand-Gravel .

Sieve Sand-Bi tumen Soi1-Bitumen Bitumen ;

‘A

1-11/2" 100 >

1 100 ;;

3/4" 60-100 <

hY

No. 4 50-100 50-100 35-100 ~

..\-

No. 10 40-100 '

No. 40 35-100 13-50 3

No. 100 8-35 <

No. 200 5-12 Good - 3-20 -

Fair - 0-3 & 20-30 K.

Poor - >30 ;i'_

Liquid Limit Good - <20 =

Fair - 20-30 “J

Poor - 30-40 A

Unusable - >40 -_'.;

Plasticity Index 10 Good - <5 -
Fair - 5-9 10

Poor - 9-15 -

Unusable - >12-15 N

~

=z

o

.‘;I

N
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TABLE 11.

AGGREGATE GRADATIONS FOR ASPHALT CONCRETE PAVEMENTS (AFTER REF. 1)

Percent Passing, by Weight

!

1-1/2-4n. Maximum 1<1n. Maximum

3/4-in. Maximan

1/2-1n. Maxtmem

3/8-1n. Maxisum

No. 4 Maxtmm

Steve Size
Low High Low High Low High Low High Low High Low Mg
Pressure Pressure Pressure  Pressure  Pressure Pressure  Pressure  Pressure  Pressure  Pressure  Pressure  Pressure
Wearing Course
1-172 1nch 100 - - - - - - . - . - R
1 tacr 87 + 8 . 100 100 - - - . - - -
1/4 1nch 79 +9 90 + 7 90 ¢+ 6 100 100 - - - - -
172 1nen 70+ 9 - 8 + 9 8) + 7 8 +9 89 «7 100 100 - - -
378 1nen 63 +9 - % +9 15 ¢ 7 82 +9 82 ¢ 7 86 + 9 86 ¢ 7 100 - - -
No 4 $1 ¢ 9 - 60 + 9 60 ¢ 7 66 + 9 66 ¢+ 7 66 + 9 66 ¢ 7 85 ¢+ 10 - 100 « -
o 8 42 + 9 - 47 « 9 a7 +7 83«9 53¢ 7 53 +9 $3+7 2+10 - 86 ¢ 12
No 16 4.9 - 7.9 377 4“9 a7 49 +9 a7 56 + 12 - 72 ¢ 36 -
L ] 24 +9 - 7 +9 2747 Nes 3147 3N+ N e 42 410 - §7 ¢ 17
wo 50 19 « 8 - 948 846 21+ 8 AN AR ) FAREN ) B+ - a7
N0 100 126 - 1246 1345 13+¢6 1345 13 ¢6 13 +% 18¢7 - 28+ 12
Ng 200 LR - 4e3 4515 €+3 45+1.5 4+31 45415 8242 - 945 -
8inder or Intermediate Course

Ioengm 90 - - - - - - - - - -
1 incr 88 + 9 - 100 100 - - . . - . - .
14 snnm 76 ¢+ 9 - 8)+9 90 ¢ 6 100 100 - - - - - -
172 1agn 66 + 9 - 73 +4 81 + 7 82 +9 89 +? 100 100 - - -
/B tneh 59 + 9 - 64 + 9 7% ¢ 7 72+¢9 B2+ 83+ 7 86 ¢ 7 - - - -
LT ] 45 ¢ 9 - 48 +9 60 ¢ 7 5S¢+ 9 66 + 7 62 +9 66 + 7 - - -
w8 35+ 9 37 49 47 ¢« 1 41 + 9 53 +7 47 + 9 53 ¢7 - - -
LTS 2.9 8¢9 37 s 7 2s9 4107 %+ 9 a7 . . - -
Neoow 2+ 9 2) . 27 4+ 24 + 9 37 28 +9 3N 7 - -
NG S ‘e e 7 5 s ? 9 ¢ 6 17 +7 21 ¢+ 6 0 27 21+ 6 - - -
Neo g . ¢ 1. g 13+5 1245 135 s 1345 .
~ 5.2 52 45 +15 542 45415 Se2 4515 - -

<10 neh maximum surface course gradation wtl) be ysed only for thick-11ft pavements (3-tnch or more).

Tote 'm-pressuce gradation for pavermnty sublected to afrcraft with tire pressures ltess "han 107 ps!

3

e high-pressure gradatior ‘or pavement to be subjected to atrcraft with tire pressures of 100 ps! or grester
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base courses. Soundness values are often not specified for base
course aggregates.

b. Crushed Aggregate. The coarse and fine agjregates
used for airfield pavement surface should be crushed materials,
in order to assure high stability and performance. Bituminous
base courses, however, many include natural materials in the fine
fraction.

' ¢. Maximum Size. In general, the maximum size of
aggregate for the wearing course should not exceed 3/4 inch; in
no case should the aggregate size exceed one-half the thickness
of the compacted wearing course or two-thirds the thickness of
any binder, intermediate course or base or subbase course,

i

d. Mineral Filler, The type and quantity of mineral

filler used affects the stability of the mix. For surface course

. mixes, mineral filler should be limestone dust, portland cement,

( or other inert similar materials. For bituminous bases natural
filler is frequently adequate.

F. TYPICAL PROPERTIES OF ASPHALT-STABILIZED SOILS

The following mixture properties should be defined to satisfy
the needs of a particular engineering application: (1)
stab lity, (2) durability, (3) fatigue behavior, (4} tensile
behavior, (5) stiffness, (6) flexibility and (7) workability.
Few tests have been developed to indicate the flexibility and
workability of bituminous stabilized materials, Elongation and
certain tensile tests are attempts to measure flexibility, while
gradation limits and compaction tests have been used to control
workability.

Nl Wb o

FELTAa LA

Stability, durability, fatigue behavior, tensile properties
and stiffness of asphalt mixtures have been defined by a number
. of investigators, and typical properties are available. However,
prior to a delineation of these properties, it must be realized
that unlike most other stabilized materials these properties are
highly dependent upon the temperatures at which the test is
conducted and the rate of loading or rate of elongation used by

¥ 2 8B

5

04 the test method. Other important variables which control
- asphalt-stabilized mixture properties include: {1) type of
~ asphalt, (2) type and gradation of the aggregate, (3) densi*y
LA of the compacted mixture and {4) curing and/or aging conditior..

1. Stability

PP

o Specifications and criteria for bituminous-c* -

) soils and aggregates are almost exclusively nases v o

! durability and gradation requirements. Some j-~eniye.
durability requirements and thus stability e

A laboratory test parameter used for mixtyre Apr-

>
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The most widely used stability tests are the Hveem,
Marshall and unconfined compression test. Typical criteria and
hence typical values for Hveem, Marshall and unconfined compres-
sive strength are shown in Table 12, Methods of sample
preparation, test temperatures and curing conditions prior to
testing vary., Most of the criteria presently used were
originally developed for surface courses and adapted to base
course design,

2. Durability

Durability tests which have been used for control of
bituminous-stabilized mixtures include the California moisture
vapor susceptibility test, the immersion compression test, the
swell test and vacuum saturation tests. These water-
susceptibility tests are usually perfomed on Hveem and Marshall
stability samples or unconfined compression test samples, and
acceptance criteria are based on a percent retained strength (70
percent) or a minimum stability after soaking.

Freeze-thaw and wet-dry durability-type tests for
asphalt-stabilized mixtures arenearly nonexistent. The water
saturation test coupled with freezing and thawing developed by
Lottman is an exception (9).

3. Fatigue Behavior

The flexural fatigue behavior of asphalt concrete
mixtures is influenced by asphalt type, aggregate gradation,
aggregate type, air voids, etc. Typically fatigue data are
expressed in terms of the number of repetitions to failure of a
certain strain or stress level used to cause failure, Santucci
(10), has presented some typical data for asphalt and emulsified
asphalt mixes (see Figures 27 and 28).

4, Tensile Properties

The most popular form of tensile test at present appears
to be the indirect tension or splitting tensile test. This test
has been used widely to define tensile properties both prior to
and after water susceptibility tests. Tensile strength is
largely dependent upon voids, curing, rate of loading and
temperature. Typical values obtained under conditions simulating
highway loadings are on the order of 100 to 800 psi.

5. Stiffness

Stiffness of an asphalt-stabilized mixture is generally
defined as the ratio of the applied stress to the observed strain
for a test performed at a particular temperature and rate of
loading. It is basically an "elastic" modulus at rapid rates of
loading, Figure 29 indicates the wide range of this property as
a function of temperature and time for an asphalt-stabilized
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TABLE 12. DESIGN METHODS AND CRITERIA FOR ASPHALT-STABILIZED ¢
Y BASE COURSES (AFTER REF. 14). ;
i
t
. A. Hveem Method d
Percent Voids
Percent Filled With
State Stability Air Voids Asphalt Cohesiometer
California 35 minimum 4-6 80-85 300 minimum A
Colorado 30-45 3-5 75
Hawai{ 35 minimum 4-10 v
Nevada 30-37 3-5 o
Oklahoma 35 minimum 8 maximum '
Oregon 30 minimum 10 maximum 150 minimum Y
Texas 30 minimum ' ]
Washington 20 minimum 50 minimum .
B. Marshall Method P
Percent Voids 2
Stability, Flow, 0.01 Percent Fil" .d With .
State Lbs. Inch Air Voids Asphalt
District of 4
Columbia 750 minimum 8-16 3-8 65-75
Georgia 1800 minimum 8-16 3-6 65-75
Kansas 800-3000 5-15 1-5 70-85 y
Kentucky 1100-1500 12-15 4-6 .
Mississippi 1600 16 maximum 5-7 50-70
New Jersey 1100-1500 6-18 3-7
N. Carolina 800 7-14 3-8 .
N. Dakota 400 minimum 8-18 3-5 :
Pennsylvania 700 minimum 6-16 60-85 ,
Rhode Island 750 minimum 3-8
S. Carolina  1200-3000 6-12 -
S. Dakota 8-18 3-5 .
Wyoming 1000 minimum X
C. Unconfined Compressive Strength :
Percent Percent Voids Filled
State Load, psi Air Voids With Asphalt
Colorado 200-400 3-5 80-85 :
Oregon 150 minimum ’
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