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STABILIZATION GUIDELINES

| - . By
Avery W. Smith
and

Jon A. Epps

Introduction

| : Proper use of stabilization can produce savings in cost and, in many

cases, energy utilization. Stabilization is the improvement of engineering

| : properties of soils and soil aggregate systems. This study is directedrA
toward prdper use of ]ime, cement, and asphalt for improQing material

‘ properties and gives guidelines for se]ection of a stabilization approach

1 : and construction methods.

i Stabilization can be used to:.

‘ : 1. Ubgrade local materials to be used in Tieu of imported higher
quality base materials.

2. Strengthen existing subgrades for design'purposes or provide a.
working table as a construction expediency.

3. Extend the construction season as well as expediting work during,
or immediately following, wet weather.

4. Provide improvement of other desirable engineering properties,
including volume change, permeability, compressibility and frost
susceptibility.

The designer should evaluate the potential savings that may result on

any project by using stabilization of subgrades and/or other materials.




This invo]Ves making a cost analysis of the various alternatives and
defining the advantages and disadvantages of each pdssibTevstabilization
alternative.

Figure 1 provides a framework that will assist the engineer in making
this analysis, as it defines the important iﬁteractibn between soil stabili-
zation and pavement design.

The engineer must first locate and obtain samples of the subgrade
soil or soils and 6ther matérials that are available for use with or with-
out stabilizers. The engineer should concentrate his search for those
materials which are locally avaiiab]e,as transportation‘costs are usualTy
a major portion of the in-place costs of subbases and bases.

Sieve analyses and Atterberg Limits tests which are performed in the
laboratory should be obtained on the sampled materials. These test results
are utilized, together with Figure 2, to determine appropriate types and
amounts of stabilizers. It is possible that several types of stabilizers
can be used with a single sqi]; thus, a wide variety of materials will
exist with which to construct the pavement. If not previously developed,
a "data bank" should be developed to store and retrieve information on the
Tocation, proﬁerties, amounts, and cosfs of pavement materia1§ within a |
District. This information will prove invaluable to future construction
or reconstruction projects,as somewhat detailed and cbst?y testing may
be involved in adequately defining the type and amount of stabi]izer to
be utilized with a certain soil.

Estimates of in-place costs for available treated and untreated

materials should be made. This information may be used to reduce the

number of alternatives that must be considered in the pavement design process.
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Typical prices pér square yard for 1l-inch depthé are giveﬁfin-Tab]e 1,
These prices reflect normal stabilization pra¢t1ces’wh1ch‘are typically
6 inches for in-place stabilization with lime, cement, and asphalt.

The type and thickness of the layers compriSing thé pavement actioﬁ '
should be determined by the Texas State Department of Highways and Public
Transportation Triaxial Design method, by use of the computer-oriented .
Flexible Pavement Design System (FPS). Since the triaxial design method
cannot adequately define the properties of stabi]izedvmaterials, it is
suggested that FPS be utilized or that use be made of established layer
equivalencies. The FPS system is the preferred method and should be |
utilized to make the final design, if possible. However, utilization>of
the layer equivalency approach may be adequate, if the éomputer approach
is not available. _ ‘ |

The layer equivalency method,as the name implies, allows the utiliza-
tion of material equivalencies. For example, one inch of dense graded
asphalt concrete base may be substituted for two inches of uhtreated
flexible base. The magnitude of the layer equivalencies 15 difficult to
determine for a wide variety of cases; however, several states and producer
agehcies have suégested certain values Which are summarized in Tab]e 2.
Ideally, layer equivalencies for all materials under consideration should
be determined rather than_using the general values shown in Tab]elz,as
the coefficient will depend upon the following factors:

1. Wheel load and contact pressure,

2. Stiffness characteristics of the particular material,

3. Stiffness characteristics of other materials in the structural

section,




TABLE 1: Typical Untreated and Treated In-Place Costs

MATERIAL

IN-PLACE COST PER SQUARE YARD
OF MATERIAL ONE INCH '
IN DEPTH, DOLLARS

Caliche Flexible Base
Gravel Flexible Base

Iron Ore Flexible Base
Crushed Stone Flexible Base
Unspecified Flexible Base |
Lime Stabilized Subgrade

Lime-Cement Stabilized Subgrade or
Subbase

Cement Stabilized Subgrade or
Subbase

Cement Stabilized Base

Emulsion or Cutback Stabilized
Subgrade

Hot Sand Aspha1t
Black Base

Asphalt Concrete

Portland Cement Concrete

.35
.10
.10
.20
.35

o (o] o o o [

.20

- 0.95

0.40

1.00
3.25




TABLE 2: Layer Equivalencies*

MATERIAL EQUIVALENCY**
Dense Graded Hot-Mix Asphaltic Base 0.50
Hot-Mix Sand Asphalt Base 0.65
Liquid and Emulsified Asphalt Base 0.70
Cement Stabilized Base 0.50
Cement Stabilized Soil 0.70
Lime Stabilized Soil 0.90
Lime-Cement Stabilized Soil 0.80
Low Quality Untreated Granular Base 1.35
High Quality Untreated Granular Base : 1.00

*These layer equivalencies are representative values and are not neces-
sarily design values for a given job. A more complete listing of layer
equivalencies can be found in Texas Transportation Institute Report 14-1F
"Design and Economics of Bituminous Treated Bases in Texas." '

**The equivalency given is expressed in terms of stated material required
to replace one inch of high quality untreated granular base. :




4, SubgradeVcharacteristics,

5. Thickness of the various components of thestructural sections, and

6. Position of the material in the structural section. |
A possible design.method would be to design a pavementAsection utilizing
an unstabilized base and subbase by use of thé triaxial design method.
Appropriate Stébi]ized mater1a1s would then be substituted for thoée
materials in the conventional section by use of apﬁropriaté layer coeffi-
cients. Final material and thickness selection should be based on a cost
analysis which would include initial cost, expected maintenance cost, and
salvage value. | | | |

Utilization of the FPS program involves establishing layer coeffi-
cients for all stabilized and unstabilized materials under cdnsideration
and making final estimates of in-place costs.r Among other input data,
the computer analysis will select several economic_pavement sections; the
engineer will then select an appropriate pavement design.

Layer coefficients are established from dynaflect tests performed on
pavements containing a material similar to that proposed in the structural
section. If the proposed material does not exist in an existing pavement,
va]ues-must be estimated,based‘on experience or tria]vsections placéd with
the proposed materia1,and dynaflect test results obtained.‘

A method'of establishing an economic solution utilizing the layer

equivalency approach is given below.

Economic Analyses

Subgrade samples from a proposed pavement site have been obtained and
tests performed. The silty clay subgrade has 100 percent passing the

number 200 sieve and has a plasticity index of 25. From Figure 2 and the

attached reference material, it can be determined that the following types




and amounts of stabi]izers could be used with this soil:

1. 3.5iperCent lime | |

2. 2 percent'1ime and 4 percent cement

3. 9 percent cement (field mixing may be a problem).

Materials available for subbase and base courses,dtogeiher with theirr
expected cots.and layer coefficiehts,are shown in Table 3. The untreated
materials available included a high quality flexible base, a locally avail-
able low quality flexible base and a locally avai]ab]e sand. The high
quality flexible base can be treated with Portland cement or asphalt cement.
The Tow quality iron ore can be treated with Portland cement, 11me or a
lime-cement combination; and, the sand can be treated with asphalt cement,
an emulsified asphalt or Portland cement.

The pavement'section as determined from triaxial design requires 3
inches of aspha1£ concrete and 12 inches of high qué]ity flexible base on a
a prepared subgrade. The triaxia].testrmethod determined that the 1ow
quality flexible base must be stabilized with either lime or cement to be
utj]ized as a base course. From Table 2 it is obvious that a number of
sections will be considered. |

The section described above will be referred to as a]ternate'section
A and will cost $7.20 per square yard if the subgrade preparation costs
are not considered. Alternate section B will consist of 3 inches of
asphalt concrete and 6 inches of high quality black base made from flexi-
ble base material. The cost of a]terhate B will be $8.70 per square yard
if the subgrade preparation costs are not considered. Aiternate C will
consist of 3 inches'of asphalt concrete and 8 inches of eand treated with
asphalt cement. The cost of alternate C will be $7.80 per square yard if

the subgrade preparation costs are not considered. From a first cost stand-




TABLE 3: Available Pavement Materials
‘ Expected Expected Cost
Plasticity Percent Pass Percent Pass Layer per inch of
Material Index No. 40 Sieve No. 200 Sieve | Coefficients " thickness

High quality flexible base ‘

(considerable haul) 8 50 12 1.0 0.35
Low quality iron ore f]ekib]e ‘ ‘

base (locally available) 15 60 20 1.35 - 0.10
Sand-locally available 6 60 2 1.35 0.07

. or higher

High quality flexible base '

treated with cement 0.50 0.95
High quality flexible base

treated with asphalt cement :

(black base) 0.50 0.80
Sand stabilized with

emulsified asphalt 0.70 0.40
Sand treated with asphalt .

cement 0.65 0.60
Sand treated with cement 0.70 0.35
Low quality iron ore flexible '

base treated with cement 0.60 0.75
Low quality iron ore flexible

base treated with Time 0.85 0.30
Low quality iron ore flexible ,

0.75 0.40

base treated with lime-cement

ot -
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point, the engineer would select alternate A; newever; due eonsideration
should be g1ven to the performance life of the pavement and the pavement
sa]vage value.

Certainly the.engineer should investigate a1ternativevpavements other
‘than those discussed above; and,a more rigorous pavement amalysis method
and more realistic cost data based on foca] conditions shonld be utilized
" before a final decision is reached. However; the methodology utilized to

integrate soil stabilization and pavement design deserves consideration.

Genera] Guidelines for Successfu] Stab111zat1on

‘Regardless of the kind of stabilizer being used, there are several
points that ‘should be remembered as they app]y equally well whether in
asphalt, cement, or lime work.

1. Use the best soils that can be economically cbtained for the job.

2. Use good techniques to accurately determ1ne optimum moistures
and densities.

3. Use equipment and construction techniques which give good distri-
bution of stabilizer within the soil. 7

4. Compact in the fie]d‘at or near optimum moisture conditions and
achieve the highest density possible (This usually means that one
must start compaction on the wet side of optimum). In general,
the higher the density, the higher the strength.

5. Cure the stabilized layers properly and keep excessive loads off
"green" bases as long as possib1e,rconsistenf with the specifi-
cations and job conditions. Black base is the exception to this
point; it can be used as soon as it has been rolled and has cooled

sufficiently.
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6.‘-Good‘inspection-procedures and attehtion to details usually pay

| off ina befter pavement layer.

7. Where possible, the stabi]izatioh of Soi]s'which are-hiéh in
organic matter should be avoided. - Most Qf these”soi]s require
excessiye amounts of stabilizer and do not respdnd well to treat-
ment. whéré such soils must be treated, complete laboratory
tests should be run to insure adequaté strengths and/or perform-
ance. | |

Note: It should be emphasized that all economic examples, costs, and

cost computations are based on the assumptions stated and are subject to

change. They are used for illustrative purposes only.
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ITEM 260

LIME TREATMENT FOR MATERIALS IN;PLACE

Description
This item shall consiét of treating the subgrade, éxisting’subbaseg
or ex1st1ng base by pulverization, addition of 11me, and mixing and com-

pacting the m1xed material to the requ1red density.

Approximate Stabilizer Content

An approximate Time content expressed as a percentage by dry weight
of soil can be obtained from Figure 3. An estimate of the lime content
can also be obtained by dividing the plasticity index byvseven fok soils
with a large amount of material passing the No. 40 sieve. However, 1lime
contents in excess of 6 percent are seldom used except in very poor soils.
Amounts less than 1.5 percent are not recommended due to the difficulty

in obtaining good distribution during field mixing.

General Requirements

Stréngth gain of lime stabf]ized soils is dependenf upon the presence
of a pozzolanic material and proper thermal condition. Clay minerals are
pozzolans, and thus, for a soil to be effectively stabilized with lime,
clays must be present, and the plasticity index and the percentage passing
the No. 200 sieve must be above some minimum value, A suggested minimum
plasticity index is 10,and suggested minimum percent passing the No. 200

sieve is 15. A soil with these minimums would require a relatively small

amount of lime.
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Appropriate Test Methods

~ Tex-121-E -- Soil-Lime Compressive Strength Test Methods.
Tex-122-E --fCohesiometer Test Method for Stabi]ized_Mixtures of

Soil-Asphalt, Soil-Lime or Soil-Cement.

Summary of Test Methods

An impgct éompaction method is utilized to mold 6-inch diameter by
8-inch high samples at various lime contents and at their respective
optimum moisture contents which are determined by method Tex-113-E.
A seven-day moist curing period is followed by an air drying period
of about 6 hours at a temperature less than 140°F, until one-third to
one-half the mo1ding moisture has been removed. The Texas Triaxial
Class is determined on the preparéd samples after they are subjected
to capillary water for 10 days. Cohesiometer tests may be performed
on the soi]-]fme mixtures at selected 1ime contents (Tex-1225E), Three
samples, 6 inches in diameter and 2 inches in height are prepared at
optimum moisture and density conditions. Sample curing is that utilized

in Tex-121-E.

Comments

Application of lime by dry or slurry placing methods is permissible.
A one? to fodr—day curing period is normally allowed after the firstmixing
operation. The final mixing process should pulverize the soiifsuch that

100 peréent passes the 1 3/4-inch sieve and a minimum of 60 percent passes
the No. 4 sieve, extlusive of gravel or stone retained on these sieves.

Compaction should be at optimum moisture content immediately after final
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mixing,and in no case later than 3 days after final miXingi The optimum
moisture content should be approachedrfrom the wet side of optimum. Moist
curing should be for a minimum period of 7 days before further courses are
added or ény traffic is permitted.. |
| Unconfined compressive strength of 100 psi is satisfactory for the

“ final course of bése construction, and it is desirable that materials for
such courses contain a minimum of ‘over 50 percent No. 40 material before
treatment. Unconfined compressive strengths of at least 50 psi are suggested
as adequate for subbase soils treated with Time. | |

vThe‘stabilizatioh of clay soils to provide a construction working plat-

form is common in many areas. This stabilization process is often é single

pass_operation without curing and without density control. Special Provision

006 to Item 260 is an example of this stabilization process.




-Test Method Tex-121-E
Rev. January 1, 1974
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FIGURE 3: Recommended amounts of 1ime for stabilization of subgrades and

bases. (These percentages should be substantiated by approved
testing methods on any particular soil material.)
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ITEM 262 |
LIME TREATMENT FOR BASE COURSES

Description

This item shall consist of treating base and subbase by the addi-
tion of lime and mixing and compacting the mixed material in accordance

‘with the specifications governing the base and subbase courses.

Approximate Stabilizer Content

An approximate lime content expressed as a percentage by dry weight
of soil can be obtained from Figure 3. Amounts less than 1.5 percent
are not recommended due to the difficulty in obtaining good distribution

during field mixing.

General Requirements

Strength gain of 1ime stabilized soils is dependent upon the presence '
of a pozzolanic material. Clay minerals are pozzolans. Thus, for a
soil to be effectively stabilized with 1ime, clays must be present,
Also, the plasticity index and the percentage passing the No. 200 sieve
must be above some minimum values. A suggested minimum plasticity index

is 10 and suggested minimum percentage passing the No. 200 sieve is 15.

Appropriate Test Methods

Tex-121-E -- Soil-Lime Compressive Strength Test Methods.
Tex-122-E -- Cohesiometer Test Method for Stabilized Mixtures of

Soil-Asphalt, Soil-Lime or Soil-Cement.

Sumnary of Test Methods

An impact compaction method is utilized to mold 6-inch diameter

by 8-inch high samples at various Time contents and at their respective
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optimum moisture contents which are determined by method:Tex-113fE. A
seven-day, moist curing period is followed by an air drying period of
about 6 hours at a temperature less than 140°F, until one-third to
~one-half the molding moisture has been removed. The Texas Triaxia17C1ass
is dgtermined on the prepared samples after they are subjected to capillary
water for 10 days. Cohesiometer tests may be performed oﬁ the soil-1ime
mixtures at selected lime contents (Tex-122-E). Three samb]es, 6 inches

in diameter and 2 inches in height are prepared at optimum moisture and

density conditions. Sample curing is that utilized in Tex-121-E.

Comments

Application of Time by dry or slurry pTacing.methods for the first
mixing operation is permissible. A one- to four-day curing period is normally
allowed after the first mixing operation. The final mixing process should
pulverize the soil such that 100 pércent passes the 1 3/4~inch sieve and
a minimum of 60 percent passes the No. 4 sieve, exclusive of gravel or stone
retained on these sieves. Compaction should be at optimum moisture content
immediately after final mixing, and in no case later than 3 days after fianl
mixing. The optimum content should be approached from the wet side of .
optimum. Moist curing should be for a minimum period of 7 days before
further courses are added or any traffic is permitted.

Unconfined compressive strength of 100 psi is satisfactory for the
final course of base construction, and it is desirable that materials for
such courses contain a minimum of over 50 percent No. 403materia1 befbre
treatment. Unconfined compressive strengths of at least 50 psi are sug-

gested as adequate for subbase soils treated with lime.
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ITEM 270
PORTLAND ‘CEMENT TREATMENT FOR MATERIALS IN PLACE

Description

This item shall cohsist of tredting fhe sﬁbgrade, existing subbase,
or existing base by pulverizing, addition of Portland cement,,and mixing,v
wetting and compacting the mixed material to the requfred dehsity. This

item applies to natural ground, embankment, or existing pavement structure.

Approximate Stabilizer Content

Approximate stabilizer contents expressed as a pércentage by dry
weight of soil may be found by classifying the soil according to the
AASHTO Soil Classification system and referring to the informatioﬁ
given on Tab1e73 . As noted on this table, high cement content is

required for the fine grained, high plasticity index soils.

General Requirements

Provided proper distribution of cement can be achieved during the
mixing operation, all types of soils can be stabilized with cement.
However, field experience has indicated that it is difficult to obtain -

proper distribution in soils with a plasticity index greater than 20.

Appropriate Test Methods

Tex-120-E -~ Soil-Cement Compressive Strength Test Methbds.
Tex-122-E -- Cohesiometer Test Method for Stabilizing Mixtures of

Soil-Asphalt, Soil-Lime or Soil-Cement.

Summary of Test Method

An impact compaction method is utilized to mold 6~inch diameter

by 8-inch high samples at cement contents of 4, 6, 8 and 10 percent



TABLE 3:  Cement Requirements For Various Soils

. . Usual Range Estimated Cement
AASHTO Soil in Cement Requirement* - Content
IClassification . - -
System Percent Percent Percent by dry’
by by dry weight
volume weight '
~A-1-a 5-7 3-5 5
- A-1-b 7-9 5-8 6
A-2 7-10 5-9 7
A-3 8-12 7-11 9
A-4 8-12 7-12 10 -
A-5 8-12 8-13 10
A-6 10-14 9-15 12
< A-7 10-14 10-16 13

* For most A horizon soils the cement content should be increased four
percentage points if the soil is dark gray to gray and six percentage
points if the soil is black.

Source: After Portland Cement Association.
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ceméntAand‘at their respettfve optimum moiSfure-confeﬁts,Which are
detérmined by mefhdd Tex-i]SQE. Uncbnfined'compressidh tests are
performed on the'Sémp]es after a 7-day moist curing perioﬁ. Cohesiometer :
tests may be performed on the soil-cement mixtures at-selected éement
~contents (Tex-lZZQE). Three samples, 6 inches in diametér'and 2 inchés
in height,are prepared at optimum moisture and density §onditions.

Samples are moist cured for 7 days prior .to testing.

Comments A

The soil and cement shall not be mixed when the air temperature is
below 40°F and fa]]ing,'but they may bevmixed with the air temperatdre
above 35°F and rising. The soil shall be pulverized at the end of
moist-mixing such that 100 percent will pass the'14ingh sieve and a
minimum of 80 peréent'will'pass a No. 4 sieve, echQSiQe of gravel or
stone retained on these sieves. Application of cement;‘mixiné, watering,
and compaction shall be a continuous operation and shall be completed

within six hours. Moist curing shall be for a minimum period of 3 days{
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ITEM 272
PORTLAND CEMENT TREATMENT FOR BASE COURSES

Description

This item shall cons1st of treat1ng base and subbase by add1t1on
of Portland cement, and mixing, wett1ng, and compact1ng ‘the m1xed mate-
-r1a1 in accordance with the specification governing base and subbase

courses. Roadmixer or central mixing plant operations are permissible.

- Approximate Stab111zer Content

Stab111zer contents in the range of 4 to 8 percent by dry weight

of soil are common.

General Requirements

Materials may be stabilized under this item-to meet existing
base and subbase specifications. Thus, the plasticity index should be
less than 15, the 1liquid 1imit less than 45 and the percentage passing

the No. 40 sieve between 15 and 55 percent.

Appropriate Test Methods N
' Tex-120-E -- Soi]—Cement,Compressive Strength Test Methods.
Tex-122-E -- Cohesiometer Test Method for Stabilizing Mixtures of

Soi1-Asphalt, Soil-Lime,or Soil-Cement.

Summary of Test Methods

An impact compaction method is utilized to mold 6-in¢h diameter
ﬁy 8-inch high samples at cement contents of 4, 6, 8 and 10 percent
cement and at their respective,optimum moisture contents which are
determined byvmethod Tex-113?E. Unconfined compression fests are per-

formed on the samples after a 7-day moist curing period. Cohesiometer
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tests may be performed on the soil-cement mixtures at selected cement
contents (Tex-122-E). Three samples, 6 inches in diameter and 2 inches
in height, are preparéd‘at optimum»mbisture and density éonditions..

Samples are moist Curéd for 7 days prior to testing.

Comments

The soil and cement shall not be mixed when the air-témperature |
is below 40°F and falling, but they may be mixed when fhe air temperaturé
is above 35°F and rising. Application of cement, mixing, watering, and
compaction for road mixing shaT] be a contiﬁuous operatioh and shall be
completed within six hours. »Centra] mixing and compéciion shall be-
completed in 3 hours after the addition of cement. Mo%ét”curing shall
be for a minimum period of 3 days.

If, in the opinion of the engineer, pulverization is required, the

same requirements as in Item 270 shall apply.




Description

This item shall consist of a foundation for surfacé course or for

ITEM 274

CEMENT STABILIZED BASE
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other base courses-and shall be composed of a mixture of flexible base

material, Portland cement and water. Central plant mixing must be

utilized.

Approximate Stabilizer Content

Approximate stabilizer contents expressed as a percent by dry weight

of soil may be obtained from the table given below.

Material % Cement, Material % Cement,
' Ory Wt. Dry Wt.
Synthetic Aggr. 8.0 Iron Ore Gravel 6.0
Sand-Shell 7.0 Crushed Stone 5.0
Processed Gravel 7.0 Crushed Blast
Bank-Run Gravel 6.0 Furnace Slag - 5.0

General Requirements

Gradation and Atterberg limit requirements are given below.

Type A B c D E F G H

Square | Sand | Synthetic | Iron Crushed { Processed Crushed | Bank- As

Sieve |Shell jAggregate| Ore Stone Gravel Blast run Shown
Gravel . Furnace {Gravel on

Gr. 1 |Gr. 2 Slag Plans

2 1/2" 0

1 3/4" 0 0-10 0-5 0 0-5

11/4" 1 0-10

172" 0

3/8" 25-45

No. 4 |30-65 45-75 130-75 15-35} 45-65 30-75

No. 40 | 50-75 60-80 45-65 55-80 }60-85 55-85) 70-85 65-85

P.I. less than 10  L.L. less than 35
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Apprdpriate Test Methods

Tex-120-E -- Soil-Cement Compressive Strength Test Methods;

Tex-122-E -- Cohesiometer Test Method fdr $tabiTizing Mixtures of -

- Soil-Asphalt, Soil-Lime or Soil-Cement.

Summary of Test Methods

An impact compaction method is utilized to mold 6-inch diameter
by 8-inch high samples at cement contents of 4, 6, 8 and 10 percent
cement and at their respective optimum moisture contenfs which are
determined by method Téx-1]3—E. Unconfined compression tests are per-
formed.on the samp]és after a 7-day moist curing period. Cohesiometer
tests may be performed on the soil-cement mixtures at selected cement
contents (Tex-122-E). ‘Three Samp1es, 6 inches in diameter and 2 inches
in height,are prepared at optimum moisture and density conditions.

Samples are moist cured for 7 days prior to testing.

Comments

The soil and cement shall not be mixed when the air temperature is
below 40°F and falling, but they may be mixed when the air temperature
is above 35°F and rising. Compaction shodld be complete within two
hours of the time water is added to the mixture. Moist curing shall be

for a period of 3 days. Unconfined compressive strengths of 650 psi are

normally required for this item.
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ITEM 280
SOIL ASPHALT BASE (ROAD MIX)

Description

This itemvsha11 consiﬁt of a foundationrfor'a:surface-course or
for other bése courseé and shall be composed of a compacted mixture
of soil and asphaltic material. Cutback asphé]ts or emulsified asphalts

are utilized in a road mixing process.

Approximate Stabilizer Content

An approximate stabilizer content can be obtained from the following

equation: |
p =k + 0.005(a) + 0.01(b) + 0.06(c)
where: p = percent by weight of residual aspha]t to be added (based
~on dry weight of soil)
k = 1.5 if plasticity index is less than or equa] to 8,and 2.0
if plasticity index is greater than 8
a = percent mineral aggregate passing No. 10 sieve
b = percent mineral aggregate passing No. 40 sieve
c = percent mineral aggregate passing No. 200 sieve.

General Requirements

" The soil to be stabilized shall consist of approved soil, free from
vegetation orvother objectionable matter. It may be’either’the material
encountered in the existing roadbed, the material secured from sources
shown on the plans or approved by the engineer, or a'combination of

existing material and additional soil from approVed sources.

Appropriate Test Methods

Tex-119-E -- Soil-Asphalt Strength Test Methods.
Tex-122-E -- Cohesiometer Test Method for Stab11ized Mixtures of

Soil-Asphalt, Soil-Lime or Soil-Cement.
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Summary of Test Methods

An impact compaction method is utilized to mold 6-inch diameter by
6-inch high samples at various liquid asphalt contents and at a single
moisture conteht referred to as the cohesive moisture content. Density
measurements are made on the compacted samples,and a curve of dry density
of soil, plus residual ésphalt versus percentage liquidAasphalt,is prepared
(Figure 4). A maximum percentage of asphalt, selected as the peak of this
curve, is determined. | | o

A set of samples, utilizing a range of moisture contents, is molded
for 1iquid asphalt contenfs of SQ, 75,and 100 percent of the previously
se1ected maximum percentage of asphalt. Density measurements are made on
~ the compacted samples and a curve of dry density of soil plus residual
asphalt versus percentage moisturé and volatiles is‘prgpared. Optimum
moisture contents for the various liquid asphalt contents are selected
at the peak of each of these curves (Figure 5).

At the optimum condition as determined by these curves, five samp]eé
are molded for triaxially testing (6-inch diameter by 6-inch high samples
arevutilized). These samples are cured for 5 days at 140°F after pressure
wetting. The liquid asphalt content is determined from the following
plots: percentage moisture and volatiles versus percéntage liquid asphalt,
and triaxial strength class versus Tiquid asphalt (Figure 6).

Cohesiometer tests may be performed on the soil asphalt mixtures
at selected liquid asphalt contents (Téx-122-E). Three samples, 6 inches
- in diameter by 2 inches in height, are molded, cured at T40°F for five
days, subjected to moist curing and tested at 140°F for each liquid

asphalt content investigated.




FIGURE 4: Liquid asphalt-density curve
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Moisture-density curves

FIGURE 5:
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FIGURE 6: Triaxial strength classification
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Comments 7
The soil and asphaltic material shall not be mixed when the air

'temperature is below 60°F and falling, but they may be mixed when

the air temperature is above 50°F and risfng.




Description

ITEM 292
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ASPHALT STABILIZED BASE (PLANT MIX)

This item shall consist of base courses, subbase courses or

foundation courses to be composed of a compacted mixture of mineral

aggregate and asphaltic material mixed hot in a mixingrplant.

Approximate Stabilizer Content

Stabilizer. content should be four to nine percent, based on total

dry weight of mixture.

General Requirements

A. Gradatibn

Sieve Size Accumulative Percent Rétained
Grade
1 ? 3 : 4

1 3/4 inch 0 0 as shown
1 1/2 inch 0 0-10 on plans

1 inch 0-10

3/8 inch 30-55

No. 4 45-70 45-75

No. 40 70-85 60-85 60-85

B. Other Requirements

Plasticity Index - 15 maximum

Liquid Limit

Appropriate Test Method

- 40 maximum

Sand Equivalent - 40 minimum

Wet Ball Mill. - 50 maximum

Tex-126-E -- Molding, Testing and Evaluation Of’Bitum{nous Black

Base Materials.
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Summary of‘Test,Method

A gyratory compactor>is utilized to mold 6-inch dﬁémeter by 8-1néh-
high samples at various asphalt contents. Air voids are calculated at
each aspha]t content, and a percentage total air voids versus percentage
asphalt content curve is prepared from which a design .asphalt content is
selected. Unconfined compression tests may be performed after pressure

wetting. Both a slow loading rate (0.15 inch per minute) and a fast réte

(10 inches per minute) are utilized to define the black base grade.

Comments

The apsha]t stabilized baée material shall not bé placed when the
air temperature is below 50°F and falling, but it may be placed when the
air temperature is above 40°F and rising.

The use of emulsions and cutbacks in cold central plant operations
is being utilized in several states with success. This option should

not be overlooked in an analysis of alternatives for a project.
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ITEM X
LIME-CEMENT STABILIZATION

DeScriQtionv
This item shall consist of treating the subgrade, exfsfing subbase,
or existing base by the pulverization, addition of 1ime‘and Port]and cement,
and mixing and tompécting the mixed material to the required density.
State Departmenf of Highways and Public Transportatiohvltéms 260 and 270

should be utilized as guides.

Approximate Stabilizer Content

Three percent 1ime by dry weight of soil is usually sufficient to
reduce the plasticity index of a soil to a level where miXing'with Port-
land cement is poSsib]e, Six to eight percent cement by dry weight of

soil will be a usual cement content.

General Requirements

Lime is added to the soil to reduce the plasticity, to make the soil
more friable and thus easier to work, and to reduce the amouhtbof cement
necessary for stab11125ti6n. After the addition of 1ime, a one- to four-
" day curing periodiis often necessary. The addition of cement follows.
The plasticity index of the soil should be reduced to a value of 20 or

below by the addition of lime.

Appropriate Test Methods

Tex-112-E -~ Methods of Admixing Lime to Reduce Plasticity Index
of Soil. |

Tex-120-E -- Soil-Cement Compressive Strength Test Methods.
Tex-122-E -- Cohesiometer Test Method for Stabilized Mixtures of

Soil-Asphalt, Soil-Lime or Soil-Cement.
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Summary of Test Methods

Test Method Tex-112-~E can be uti]fzed to determine the proper lime
content to redu¢é~the plasticity to a leVel that will allbw cement to be
effectively mixed with the soil. Test Method Tex-lZO-E-can be ufi]iied to
determine lime-cement contents that will economica11y bfovide the desired
strength. This test method uti]ized‘impact compaction to mold 6-inch
diameter by 8-inch high samples at selected lime-cement contents and at
their respective obtimum moisture contents which are determfned by method
Tex-113-E. Unconfined compression tests are pefformedAon the samples
after a 7-day moist curing period.

Cohesiometer tests may be performed on the soil and 1ime-cement mix-
ture at selected 1ﬁme-cement contents (Tex-122-E). 'Three samples, 6 inches
in.diameter and 2 inches in height, are prepared at optimum moisture and

density conditions. Samples are moist cured for 7daysbrior to testing.

Comments

The soil and lime-cement stabilizer shall not be mixed when the air
temperature is below 40°F and falling, but they may be mixed when the air
temperature is above 35°F and rising. The final pu1verizqt10n of the
soil will be éuch that 100 percent will pass the 1-inch sieve and a mini-
mum of 80 percent will pass aNo. 4 sieve, exclusiveof gravel or stone retained
on these sieves. Moist curing for a 3-day period shall fo110w compaction.

The State Department of Highways and Public Transportation has very
Tittle experience with lime-cement stabilization. The use of 3 percent lime
and 6 to 8 percent cement is usually more expensive than the usual 6 percent
lime required in many heavy clays. The use of a 50-50 proportion of lime

and cement may reduce cracking.
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ITEM XX
LIME-ASPHALT STABILIZATION

Description

This item shall consist of a foundation for surface course or for
other base courses and shall be composed of a compacted mixture of soil,
1ime and asphaltic material. State Department of Highways and Public

Transportation Items 260 and 280 shall be utilized as guides.

Approximate Stabilizer Contents

Three percent lime by dry weight of soil is usually sufficient to
reduce the plasticity index of a soil to a level where mixing with asphalt
is possible. An approximate asphalt stabilizer content can be obtained
from the following equation:

p=k+ 0.005(a) + 0.01(b) + 0i06(c)

where: p = percent by weight of residual asphalt to be added (based
on dry weight of soil)

k = 1.5 if plasticity index is less than or equal to 8 and 2.0
if plasticity index is greater than 8

a = percent mineral aggregate passing No. 10 sieve

b = percent mineral aggregate passing No. 40 sieve

C:

percent mineral aggregate passing No. 200 sieve.

General Requirements

Lime is added to the soil to reduce the plasticity and make the
soil more friable and thus easier to work. After the addition of lime,
a one- to four-day curing period is often necessary. The addition of
asphalt follows. The plasticity index of the soil should be reduced
to a value of 15 or below by the addition of lime. The percentage

passing the No. 200 sieve should be less than 25 percent.
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Appropriate Test Methods

Tex-112-E -- Methods of Admixing Lime to Reduce P]asticityrlndex
of Soil. | |

Tex-119-E -- Soil-Asphalt Strength Test Methods.

Tex-122-E - Cohesiometer Test Method for Stabilized Mixtures of

Sbi]-Aspha]t, Soil-Lime or Soi1-Cement.

Summary of Test Methods

Test Method Tex-112-E can be'ut11ized to determine the proper 1ime
content to reduce the plasticity to a level that w111 allow asphalt to
be effectively mi xed wfth the soil. Test Method Tgx¥119-E and Tex-122-E
can be utilized to determine 1ime-asphalt contents that will economically -

provide the desired properties.

Comments

A soil and 1imé—aspha1t stabilizer shall not be mixed when the air
temperature is below 60°F and falling, but they may be mixed when
the air temperature is above 50°F and rising.

The State Department of Highways and Public Transportation has very

Tittle experience with lime-asphalt stabilization. The economics of the

form of stabilization should be carefully examined prior to its use.




