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Standard Test Methods for
One-Dimensional Expansion, Shrinkage, and Uplift Pressure
of Soil-Lime Mixtures *

This standard is issued under the fixed designation D 3877; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope * C 51 Terminology Relating to Lime and Limestone (as used

1.1 These test methods provide procedures for conducting DY the industryj _ _
expansion, shrinkage, and uplift pressure tests on compactedD 427 Test Method for Shrinkage Factors of Sbils
soil-lime mixtures and can be used to determine the lime D 653 Terminology Relating to Soil, Rock, and Contained

content required to achieve desired control of volume changes Fluids®

caused by increases or decreases of moisture. D 698 Test Methods for Moisture-Density Relations of
1.2 The tests can be used to deterniethe magnitude of Soils and Soil-Aggregate Mixtures Using 2.49-kg (5.5 Ib)
volume changes under varying load conditiof®),the rate of Rammer and 305-mm (12-in.) Drép

volume change, an(B) the magnitude of pressure change as D 854 Test Method for Specific Gravity of Sails
moisture changes of the soil-lime mixture take place. The D 1452 Practice for Soil Investigation and Sampling by

permeability of soil-ime mixture can also, if desired, be _Auger Boring$ _
determined at the various load conditions. D 1557 Test Method for Laboratory Compaction character-
o B . istics of Soil Using Modified Effort (56,000 ft-IbfAt
Note 1—Changes in field conditions can have major effects on the ((2,700 KN-m/m ))3

expansion and shrinkage characteristics of expansive soils. Therefore, to D 2216 Test Method for Laboratory Determination of Water
the greatest extent possible, initial and anticipated future field conditions (Moisture) Content of Soil and Ryoﬁk

should be duplicated, particularly with respect to moisture and density. ! . o
D 2435 Test Method for One-Dimensional Consolidation
1.3 All observed and calculated values shall conform to the Properties of Soifs
guidelines for significant digits and rounding established in D 3551 Method for Laboratory Preparation of Soil-Lime
Practice D 6026 Mixtures Using a Mechanical Mix&r

1.3.1 The method ”S.ed to specify h.OW data are collected, D 3740 Practice for Agencies Engaged in the Testing and/or
calculated, or recorded in this standard is not directly related to Inspection of Soil and Rock as Used in Engineering

the accuracy to which the data can be applied in design or other Design and Constructién

uses, or both. How one applies the results obtained using this D 4943 Test Method for Shrinkage Factors of Soils by the
standard is beyond its scope. Wax Method

1.4 The values stated in S| units are to be regarded as the , 5076 practice for Using Significant Digits in Geotechni-
standard. The values given in parentheses are for information | pat4
only.
1.5 This standard does not purport to address all of the3. Terminology
safety concerns, if any, associated with its use. It is the 31 pefinitions:
responsibility of the user of this standard to establish appro- 3 5 Refer to Terminology C 51 for terms relating to lime.

priate safety and health practices and determine the applica- 3 3 Refer to Terminology D 653 for terms relating to soil.
bility of regulatory limitations prior to use.

4. Significance and Use

4.1 From these tests the relative expansive potential of
soil-lime mixtures containing varying amounts of lime can be
evaluated. From such an evaluation, the amount of lime
required to reduce expansion to acceptable levels can be

1 These test methods are under the jurisdiction of ASTM Committee D18 on Soil
and Rock and are the direct responsibility of Subcommittee D18.15 on Stabilizatom———————————

2. Referenced Documents
2.1 ASTM Standards:

by Admixtures. 2 Annual Book of ASTM Standardgol 04.01.
Current edition approved July 10, 2002. Published September 2002. Originally *Annual Book of ASTM Standardgol 04.08.
published as D 3877 — 80. Last previous edition D 3877 — 96. 4 Annual Book of ASTM Standardgol 04.09.

*A Summary of Changes section appears at the end of this standard.
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determined. The data can then be used for the design and5.7 Glass Platestwo, to cover each consolidometer ring.
specification requirements for structural fill and subgrade fill ]

where expansive soils are encountered and it is desired to gie Sampling

a certain degree of expansion-shrinkage control to structure 6.1 Samples of natural soils for these tests may be obtained
foundations and road subgrades. The tests will also show if thia accordance with Practice D 1452 or from other approved
specific soils are amenable to lime stabilization. methods. The soil samples should not be oven dried prior to

Note 2—The quality of the result produced by this standard istESt specimen preparation.

dependent on the competence of the personnel performing it, and t
suilzability of the equipmpent and facilitiez used. Agpencies thgt meet thrj' Procedure
criteria of Practice D 3740 are generally considered capable of competent 7.1 Assemble the consolidometer base, specimen ring, po-
and objective testing/sampling/inspection/and the like. Users of thigous plates, and load plate with the ring gage in the empty
_standard are cagtioned that compliance with Practice D 3740 does not @pecimen container with the same arrangement of parts to be
itself assure rellable.results. Reliable result; depend on many factorﬁsed for testing the specimen.
Practice D 3740 provides a means of evaluating some of those factors. . . .
7.2 Place the assembly in the loading apparatus in the same

5. Apparatus position it will occupy during the test.

7.3 Apply a load equal to a unit pressure of 2.4 kPa (50
bf/ft?) on the load plate.

7.4 Record the initial dial gage reading, Mark the parts of

e apparatus so that they can be reassembled in the same
@atched position during the test on the soil-lime specimen.

7.5 Prepare a minimum of 1 kg (2 Ib) of the soil-lime
5.2 Micrometer Dial Gage mounted on the apparatus as mixture with the desired lime and water contents in accordance

shown in Fig. 1. Other equivalent arrangements may be use ith Mﬁthoi 7D 8551 The Qﬂxt::rg shaII. have no particles
for mounting the gage. The sensitivity of the dial gage shall pdarger t an 4.75 miTs In., NO. 4 sieve size).
+0.0025 mm £-0.0001 in.). 7.6 Weigh the consolidometer ring.

5.3 Ring Gage machined to the same height as the speci- 7.7 With the extension collar in place on the assembled
meﬁ fing to an accuracy of0.02 mm (-0.001 in.) and that consolidometer ring, compact the specimen in the consolidom-
can be fitted into the consolicjometer. ' ' eter ring to the desired wet unit weight by means of a suitable

5.4 Consolidometerequipped with a lower drain cock and compaction hammer. The specimen should have a thickness of

permeameter tube standpipe for removing any entrapped a"f\bOUt 6 mm¥sin) greater_ than the depth_of the ring gage.

below the specimen and for adding water to the specimen 7.8 Remove the extension collar and trim the excess mate-

respectively, as shown on Fig. 1 rial from the top of the specimen with a suitable straightedge or
5.5 Extension Collayfor compacting specimens, about 100 other tool.

mm (4 in.) in depth and of the same diameter as the specimen 7,'9 Place a moisture sample of the frimmed ma'terlf?ll inan
fing. airtight container for later moisture content determinations in

accordance with Test Method D 2216.

Note 3—Specimens may be compacted in a mold larger than the 7 10 Immediately after trimming the compacted specimen,
specimen ring and the specimens trimmed to fit the specimen ring. weigh the specimen and ring and cover the exposed surfaces of
5.6 Compaction Hammerof the type required for Test the specimen with glass plates held in place by clamps, until

Methods D 698, Method A, or similar. the specimen is placed in the loading device.

5.1 The apparatus shall comply with the requirements o
Test Method D 2435, except that the minimum specime
thickness shall be 19.0 mm (0.75 in.). The apparatus shall b
capable of exerting a pressure on the specimen of at lea
200 % of the maximum anticipated design load and at least th
maximum uplift pressure.
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7.11 Compute the initial wet density of the specimen usingentrapped in the system by slowly wetting the lower porous
the calculated volume of the consolidometer ring and the nestone and draining through the lower drain cock. (The head of
weight of the specimen. The computed wet density shall bevater in the permeameter tube should be sufficiently low so
within 16.02 kg/ni (1 Ib/ft®) and 1 % water content of that that the specimen is not lifted.)
required. 8.4.2 As the specimen begins to expand, increase the load as

7.12 If the desired density is not obtained, discard theequired to hold the specimen at its original height.
specimen. Repeat the compaction process, adjusting the com-g 4.3 After the maximum load, a measure of the maximum
pactive effort to achieve the desired unit weight. uplift pressure, has been reached and held constant for 48 h

7.13 Any curing for the soil-lime specimen shall be done atminimum, reduce the load ti, ¥4, and¥s of the maximum
this time. Conduct all curing in suitable sealed containers tqpad and finally to the seating load of 2.4 kPa (50 IBJift
prevent moisture evaporation and carbonation of the lime. Measure the height with each load. Use a greater number of

7.14 At the end of the curing period, place the specimenoadings if greater detail in the test curve is required.
with its confining consolidometer ring in the loading apparatus g 4 4 Maintain all loads for 24 h, or longer if needed, to
in accordance with Test Method D 2435, making certain thahpiain constant values of height.
the parts are matched in the same matched position as that use%.4.5 Remove the specimen from the ring container and

for the initial calibration (4:1). IS, . . ; .
7.15 Apply a seating load equal to a pressure of 2.4 kPa (5 %Igbcl)t_ immediately and again after oven drying at 221°F

Ibf/ft?).
7.16 Record the dial gage readimg, Use the difference of
r, tor, to determine the exact height of the specimen.

8.4.6 Determine the water content of the total specimen in
accordance with Test Method D 2216.
] 8.4.7 Secure a specific gravity test sample from the oven-
8. Expansion Tests dried specimen and determine the specific gravity of the

8.1 The expansive characteristics of an expansive soil wittmaterial in accordance with Test Method D 854.
or without lime treatment vary according to the applied stress 8.4.8 Calculate the degree of saturation from the water
paths. content, dry bulk density, and specific gravity of the specimen.

8.2 At least two duplicate specimens are required for a ] - o )

Note 4—Unless otherwise specified, distilled water shall be used. It is
complete test. . - . i
.often desirable to use water having the same chemical constituents as the

8.3 Using the procedures_ described in this methOd and i round water or transported water to be encountered in the field because
Test Method D 2435, determine the data for two series of testg pase exchange effects.

(1) loaded and expanded, whereby the unsoaked specimen is L i
saturated with water and then loaded to prevent uplift (Curve A 8-2 Expanded and LoadedAfter the initial seating load
of Fig. 2), and(2) expanded and loaded, whereby the specimerkﬂas been applied and t_he initial d|gi| gage readmg_has been
is saturated prior to loading (Curve B of Fig. 2). See Fig. 2 for'€corded, saturate specimen No. 2 in accordance with 7.4.
a typical plot of Curves A and B. Any other loading procedure 8:-5.1 Allow the specimen to expand under the seating load
would be intermediate in nature and represented by point®r 48 h minimum or until expansion is complete.
along a path such as shown by Curve C of Fig. 2. 8.5.2 Load the specimen successively#to ¥4, ¥2, and 1
8.4 Loaded and ExpandedAfter the initial seating load times the maximum load found in 8.4 for specimen No. 1 to
has been applied and the initial dial gage reading has beetetermine the reconsolidation characteristics of the specimen.
recorded, saturate specimen No. 1 in the following manner. Use a greater number of loadings if greater detail in the test is
8.4.1 Fill the permeameter tube standpipe with distilledrequired.
water (Note 4), taking care to remove any air that may be 8.5.3 Follow the procedures specified in Test Method

20

Specimen wetted

=

EXPANSION~PERCENT
[S]

N\
Specirr}‘\ B
o \\ o/ wetted
N\ \\
\‘ \

T

-~
-

——)
Lo M~ Specimen

_____ - \t«ef'fed
o) N S R SRS St T, ra i
0 10 20

LOAD-psi
FIG. 2 Example of Load - Expansion Curves for Wetted Specimens




A8 D 3877 — 02
“afl

D 2435 for making loadings and all measurements and deter- 10.3.2 If the shrinkage specimen is cracked into separate
minations. parts, measure the volume of each part and add these together

8.6 Individual Load Expansior-When it is desired to to obtain the total volume.
perform separate expansion tests for other conditions of
loading, use the following procedure: 11. Calculation

8.6.1 After the initial seating loads have been applied to the 11.1 Expansion Test Data-Calculate the void ratio as
specimens and the initial dial gage readings have been regiows:
corded, load each specimen to the desired loading, and saturate
the specimen in accordance with 8.4.1.

8.6.2 Allow the specimen to expand under the applied loadywhere:
for 48 h or until expansion is complete. Measure the height ofe
the expanded specimen. h height of the specimen, and

8.6.3 Reduce the load to that of the seating load. Allow thehg height of the solid material at zero void content.
height to become constant and measure, then remove thell.1.1 Calculate the expansion as a percentage of the
specimen from the ring and make the water content, dry bulloriginal height, as follows:
density, specific gravity, and degree of saturation determina- o — _hvh
tions in accordance with 8.4.1. An intermediate specimen test A %0 [he = /] > 100 @
data example is shown on Curve C of Fig. 2. where:

e = (volume of voids/volume of solids= [(h — hy)/hy] (2)

void ratio,

. _ expansion in percentage of initial volume,
Note 5—As an example, Curve C is plotted through the zero expansion},

and maximum uplift pressure point from Curve A, the intermediate initial height of the specimen, and
. puit p P . N , = height of the specimen under a specific load condition.
specimen test data and the maximum expansion point from Curve B.

11.2 Permeability Test Data-Calculate the permeability

9. Permeability Test rate by means of the following basic formula for the variable
9.1 After saturation of any of the test specimens describe§€ad permeameter:
in 6.5, 8.4, and 8.6 have been completed, permeability readings k = [(Ay X Lo/(Ag X 12)] X (1) In (Hi/Hy) 3)

can be taken at any time during the tests by filling the

permeameter tube. K
9.2 Record the initial headd;, and allow the water to

percolate through the specimen. Ao

As

H

where:

permeability rate, ft/year,

area of standpipe furnishing the percolation head,
in.?,

area of the specimen, fn.

9.3 Measure the standpipe heédl, and the time elapsed in
minutes for the head-drop measures. length of the specimen, in.

9.4 Permeability tests at any particular load condition shaII initial head. difference in head between headwater
be carried out for at least a 24-h period. and tailwater. in.

10. Shrinkage Test H; final head, difference in head between headwater and

10.1 When measurements of shrinkage on drying ar _ gg‘ggé%r“me ?r?(:/ears
needed, prepare an additional specimen in accordance with 7. 11. 3 Shrinkage Test Data-Calculate the volume shrinkage
and 7.6. Mold this specimen in the container ring to the sameg o percentage of the initial volume as follows:
bulk density and water content conditions as the expansion
specimens No. 1 and 2. Ag = [(v; = vgivi] X 100 )
10.1.1 Measure the initial height, volume and water content
and density as described in 7.6 and 7.16. A
10.2 Height Shrinkage Determinationsif the height of the v,

'‘where:
volume shrinkage in percentage of initial volume,
initial volume of specimen (height of specimen times

S

air-dried specimen is desired, dry the specimen in air to at least’ area of ring container), and
the water content corresponding to the shrinkage limit asy, = volume of air-dried specimen from wax method.
determined by Test Method D 427. 11.3.1 Calculate the shrinkage in height as follows:

10.2.1 Place the dried specimen and ring container in the
loading machine.
10.2.2 Apply the seating load of 2.4 kPa (50 Ifyfand  where:

Ah = [(h, = hy/h] X 100 (5)

read the dial gage. Ahg = height of shrinkage in percentage of initial height,
10.3 Volume Shrinkage DeterminatieAslo measure vol-  h, = initial height of specimen, and
ume shrinkage, allow the specimen in the ring to dry in airtohy = height of air-dried specimen.

at least the water content corresponding to the shrinkage limit. 11.3. 2 To calculate the total percentage change in volume
10.3.1 After the specimen has been air-dried, remove ifrom air-dry to saturated conditions, add the percentage shrink-
from the ring container and obtain its volume by the waxage in volume on air drying),, to the percent expansion in
method. The wax procedure is the same as that used for thelume on saturationp, in 9.1. This value is used as an
shrinkage limit determination in Test Method D 4943, exceptindicator of the total expansion potential, based on initial
that the initial water content and volume of the specimen areonditions of density and water content. Since expansion
determined at the beginning of this test method. volume data are determined for several conditions of loading,
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the total volume change can also be determined for several 13.1.7 A plot, log of time versus deformation, if desired.

conditions of loading. 13.1.8 Provide load and time versus volume-change data in
11.3.3 To calculate the total percentage change in heighdther forms if specifically requested.

from saturated to air-dry conditions, add the percent shrinkage 13.1.9 Final water content, bulk dry density, and saturation

in height, Ah,, to the percentage expansion, when the degree data.

specimen is saturated under zero or other load conditions, as13.2 Permeability Test-Report permeability data and any

desired. other data specifically requested.
. 13.3 Shrinkage Test
12. Plotting Test Data 13.3.1 Include data on the decrease in volume from the
12.1 Plot the expansion test as shown on Fig. 2. initial to air-dried condition and if desired, other information
such as the total change in volume and total change in height.
13. Report 13.3.2 Report the load conditions under which the volume
13.1 Expansion TestInclude the following information in  change measurements were obtained.
the report: 13.3.3 Include also 13.1.1, 13.1.2, 13.1.3, 13.1.4, and
13.1.1 Identification of the sample (hole number, depth13.1.9.
location).
13.1.2 Description of the soil tested and size fraction of thel4. Precision and Bias
total sample tested. 14.1 Precision—The precision of these test methods has no
13.1.3 Percent of lime mixed with soil. verifiable data. The subcommittee is seeking pertinent data

13.1.4 Initial water content and unit weight conditions andfrom users of these test methods.
degree of saturation. Give the percentage of maximum density 14.2 Bias—The procedure in these test methods for mea-
and optimum water content for soil-lime compacted mixturessuring the one-dimensional expansion, shrinkage, and uplift
based on Test Methods D 698, Method A, or D 1557, Methodpressure of soil-lime mixture has no bias because the value of
A, and indicate the designation used for comparison. the shrinkage limit and expansion can only be defined in terms
13.1.5 Type of consolidometer (fixed or floating ring, speci-of the test method.
men size) and type of loading equipment.
13.1.6 A plot, load versus volume-change curves, as showho- Keywords
in Fig. 2. (A plot of void ratio versus log of pressure curve may 15.1 expansion; lime; permeability; soil-lime; uplift; vol-
be included if desired.) ume shrinkage

SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since
the last edition (96) that may impact the use of this standard.

(1) Section 1.3 on significant digits was added and subsequef#)Note 2 was added in accordance with Committee D18
sections renumbered. policy and subsequent notes renumbered.

(2) Test Method D 1557 and Practices D 3740 and(5)corrections were made to the section referenced in Section
D 6026,were added to the Referenced Documents Section. 1q1 1.

(3) Section 3.1 on Definitions wasadded in accordance wit o .
Committee d18 policy and subsequent sections renumbered?G) Keywords were modified and added to Section 15.1.
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This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
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