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CHAPTER 4

LABORATORY

INVESTIGATIONS

4-1. ldentification of swelling soils

Soils susceptible to swelling can be identified by classi-
fication tests. These identification procedures were de-
veloped by correlations of classification test results
with results of one-dimensional swell tests performed
in consolidometers on undisturbed and compacted soil
specimens. Classification data most useful for identi-
fying the relative swell potentia include the liquid
limit (LL), the plasticity index (Pl), the COLE (para
2-2b(2)), the natural total soil suction 15, and physico-
chemical tests. Several of the more simple and success-
ful methods recommended for identifying swelling soil
from classification tests described below were devel-
oped from selected soils and locations combined with
the results of limited field observations of heave.
These procedures assume certain environmental condi-
tions for surcharge pressure (e.g., 1 pound per square
inch) and changes in moisture from the initial water
content (e.g., to saturation or zero final pore water
pressure),

a. WES classification. Consolidometer swell tests

were performed on 20 undisturbed clays and clay
shales from the states of Mississippi, Louisiana, Texas,
Oklahoma, Arizona, Utah, Kansas, Colorado, Wyo-
ming, Montana, and South Dakota. Results of these
tests for a change in moisture from natural water con-
tent to saturation at the estimated in situ overburden
pressure (pressures corresponding to depths from 1 to
8 feet) indicated the degrees of expansion and poten-
tial percent swell S, shown in table 4-1. The S, repre-
sents the percent increase in the vertical dimension or
the percent potential vertical heave. The classification
may be used without knowing the natural soil suction,
but the accuracy and conservatism of the system are
reduced. Soils that rate low may not require further
swell tests, particularly if the LL is less than 40 per-
cent and the Pl is less than 15 percent. Soils with these
Atterberg limits or less are essentially nonexpansive.
However, swell tests may be required for soils of low
swelling potential if the foundation of the structure is
required to maintain small differential movements
less than 1 inch (para 4-2c).

Table 4-1. WES Classification of Potential Swell

Classification Potential
of potential swell Sy
swell percent
Low <0.5
Manainal NK_1RK
ivial slllul V.uT L.u
High >1.5

limit LL
percent

Liquid Plasticity Natural soil
index PI suction Tfat
percent tsf

<50 <25 <1.5

50-80 25-35 15-40

>60 >35 >4.0

b. Texas Department of Highways and Public
Transportation (TDHPT) method. This procedure,
which is known as Tex-124-E of the TDHPT Manua
of Testing Procedures, is based on the swell test results
of compacted soils from Texas. Field heaves of each
soil stratum in the profile are estimated from a family
of curves using the LL, PI, surcharge pressure on the
s0il stratum, and initial water content. The initial wa-
ter content is compared with maximum (0.47 LL + 2)
and minimum (0.2 LL + 9) water contents to evaluate
the percent volumetric change. The potential vertical
rise (PVR) of each stratum is found from a chart using
the percent volumetric change and the unit load bear-
ing on the stratum. These PVRs for depths of as much
as 30 feet or more are summed to evauate the total
PVR. This method may overestimate the heave of low
plasticity soils and underestimate the heave of high
plasticity soils.

c. Van Der Merwe method. This method evolved
from empirical relationships between the degree of ex-
pansion, the PI, the percent clay fraction, and the sur-
charge pressure, The total heave at the ground surface
is found from
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AH = F-PE 4-1)

o

1

AH = total heave, inches

= depth of soil layer in increments of 1 foot
increment at the deepest level
reduction factor for surcharge pressure,
F - 10—D/20
potential expansiveness in inch/foot of
depth (fig. 4-1)
The PE is found by assumed values of PE = 0, %4, 4,
and 1 inch/foot for low, medium, high, and very high

4-1



TM 3-818-7

levels, respectively, of potential expansiveness, de-
fined in figure 4-1 as functions of the Pl and the mi-
nus 2u fraction. The PE values are based on consolido-
meter swell test results and field observations. This
method does not consider variations in initial moisture
conditions.

d. Physiochemical tests. These tests include iden-
tification of the clay minerals, such as montmorillo-
nite, illite, attapulgite, and kaolinite, with kaolinite
being relatively nonexpansive, cation exchange capac-
ity (CEC), and dissolved sdlts in the pore water. The
CEC is a measure of the property of a clay mineral to
exchange ions for other anions or cations by treatment
in an agqueous solution. The relatively expansive mont-
morillonite minerals tend to have large CEC exceeding
80 milliequivalents per 100 grams of clay, whereas the
CEC of nonexpansive kaolinite is usually less than 15
milliequivalents. The presence of dissolved salts in the
pore water produces an osmotic component of soil suc-
tion that can influence soil heave if the concentration
of dissolved salts is altered. In most cases, the osmotic
suction will remain constant and not normaly influ-
ence heave unless, for example, significant leaching of
the soil occurs.

e. Other methods. Other methods that have been
successful are presented in table 4-2. These methods
lead to estimates of the percent swell S, or vertical
heave assuming that all swell is confined to the verti-

cal direction, and they reguire an estimate of the depth
of the active zone X, (para 5-4c). Both the TDHPT and
Van Der Merwe methods do not reguire estimates of
X, since computations extend down to depths where
the computed heaves become negligible. The Van Der
Merwe, McKeen-Lytton, and Johnson methods tend to
give maximum values or may overestimate heave,
whereas the remaining methods tend to give minimum
values or may underestimate heave when compared
with the results of field observations at three WES
test sections.

f. Application. These identification tests along with
the surface examination of paragraph 3-2 can indicate
problem soils that should be tested further and can
provide a helpful first estimate of the expected in situ
heave.

(1) More than one identification test should be
used to provide rough estimates of the potential heave
because limits of applicability of these tests are not
known. In general, estimates of potential heave at the
ground surface of more than 1/2 inch may require fur-
ther laboratory tests, particularly if local experience
suggests swelling soil problems. Soil strata in which
the degree of expansion is medium or high should aso
be considered for further swell tests (para 2-2c).

(2) The McKeen-Lytton method of table 4-2 has
been applied to the prediction of potentia differential
heave for average changes in moisture conditions by
the Post-Tensioning Institute (PTI) for design and con-
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(Based on data from Van Der Merwe, 1964, published

in The Civil Engineer with permission granted by the
S. A. Institute of Civil Engineers, Johannesburg,
South Africa)

Figure 4-1. Relationship used to determine the potential expansiveness for Van Der Merwe’s empirical method.
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Table 4-2. Other Empirical Methods for Prediction of Potential Heave.

Method

. .. @
Description

Vijayvergiya and

Log S =
Ghazzaly P

1/12(0.44LL - v + 5.5) from initial

water content to saturation for 0.1-tsf sur-

charge pressure.

O.9(PI/wo) - 1.19

for no fill or weight

on the swelling soil to saturation.

PI, and percent clay.

-100\1h log10

U '
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= suction compression index
final weighted in situ suction
initial in situ weighted suction

is found from a chart using the CEC,

The weighted suction

+ 0.312 + O.ZI3
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T = O.SI1
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suctions measured in the top, middle, and

Schneider and Log S_ =
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Johnson PI > 40 Sp =
PI < 40 S_ =
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psi surcharge pressure to saturation.

a
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Sp = percent swell; LL

index in percent; W,
soil in feet.

struction of stiffened slabs-on-grade in expansive soils.
The PTI structural design procedure is described in
paragraph 6-3b.

4-2. Testing procedures

Quantitative characterization of the expansive soil
from swell tests is necessary to predict the anticipated

liquid limit in percent; PI = plasticity

initial water content in percent; H = depth of

potential soil heave devaluation of swell behavior and
predictions of total and differential heave are deter-
mined from the results of tests on undisturbed speci-
mens. Strength tests may be performed to estimate
the bearing capacity of the foundation soil at the final
or equilibrium water content. A measure of shear
strength with depth is also needed to evaluate soil sup-
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port from adhesion aong the perimeter of shaft
foundations or the uplift that develops on the shaft
when swelling occurs.

a. Swell tests. Laboratory methods recommended
for prediction of the anticipated volume change or po-
tential in situ heave of foundation soils are consoli-
dometer swell and soil suction tests, The WES expan-
sive soil studies show that consolidometer swell tests
may underestimate heave, whereas soil suction tests
may overestimate heave compared with heaves meas-
ured in the field if a saturated final moisture profile is
assumed (chap 5). The economy and simplicity of soil
suction tests permit these tests to be performed at fre-
guent intervals of depth from 1 to 2 feet.

(1) Consolidometer. Recommended consolidom-
eter swell tests include swell and swell pressure tests
described in Appendix VIII of EM 1110-2-1906. The
swell test may be performed to predict vertica heave
AH of soil thickness H when the vertical overburden
and structural pressures on thickness H are known
prior to the test. The total vertical heave at the ground
surface is the sum of the AH for each thickness H in
the soil profile. Figure 5-4 illustrates the application
of swell test data. The swell pressure test is performed
to evaluate the swell pressure d. and swell index C. re-
quired for prediction of vertical heave by equation

(5-8) discussed in paragraph 5-4e. The confining pres-
sure required to restrain heave is defined as d,. When
little is known about swell behavior or groundwater
conditions, an appropriate swell testis given in (a) and
(b) below.

(a) An initial loading pressure, simulating field
initial (preconstruction) vertical pressure &, should be
applied to determine the initial void ratio e, point 1 of
figure 4-2, then removed to the seating pressure de.
(i.e., the lowest possible load) prior to adding distilled
water, point 2. The specimen is alowed to expand at
the seating pressure until primary swell is complete,
point 3, before applying the consolidation pressures.

(b) The swell test of figure 4-2 can eliminate
the need for additional tests when behavior is differ-
ent than that anticipated (e.g., the specimen consoli-
dates rather than swells following addition of water at
loading pressures greater than the seating pressure).
The void ratio-log pressure curve for fina effective
pressures, varying from the seating to the maximum
applied pressure, can be used to determine heave or
settlement with respect to the initial void ratio e,. Net
settlements will occur for final effective pressures ex-
ceeding the swell pressure d;. Figure 4-2 illustrates
how the percent swell S, or heave AH may be found
with respect to the initial vertical pressure&.
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Figure 4-2. Simple swell test.
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(c) The d; in figure 4-2 is defined as confining
pressure that must be applied to the soil to reduce the
volume expansion down to the (approximated) in situ
& in the presence of free water. Consolidometer tests
in appendix VIII of EM 1110-2-1906 tend to provide
lower limits of the in situ swell pressure, while the
simple swell test, figure 4-2, tends to provide upper
limits. The maximum past pressure is often a useful
estimate of the in situ swell pressure at e,.

(2) Soil suction. Soil suction is a quantity that also
can be used to characterize the effect of moisture on
volume changes and, therefore, to determine the
anticipated foundation soil heave. The suction is a ten-
sile stress exerted on the soil water by the soil mass
that pulls the mass together and thus contributes to
the apparent cohesion and undrained shear strength of
the soil. The thermocouple psychrometer and filter
paper methods, two of the simplest approaches for
evaluation of soil suction and characterization of swell-
ing behavior, are described in appendix B. The suction
procedure, which is analogous to the procedure for
characterization of swell from consolidometer swell
tests, is relatively fast, and the results can increase
confidence in characterization of swell behavior.

b. Strength tests. The results of strength tests are
used to estimate the soil bearing capacity and |oad/de-
flection behavior of shaft or other foundations. The
critical time for bearing capacity in many cases is
immediately after completion of construction (first
loading) and prior to any significant soil consolidation
under the loads carried by the foundation. The long-
term bearing capacity may also be critical in expansive
foundation soils because of reductions in strength
from wetting of the soil.

c. Application. Sufficient numbers of swell and
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strength tests should be performed to characterize the
soil profiles. Swell tests may not be necessary on speci-
mens taken at depths below permanent deep ground-
water levels.

(1) The representative mean of the swell and
strength parameters (and lower limit of the scatter in
strength parameters) of each distinctive soil stratum
should be determined down to depths of 1.5 times the
minimum width of mat dlabs to a maximum of 100
feet and to at least three base diameters beneath the
base of shaft foundations.

(2) One consolidometer swell and one strength
test should be performed on specimens from at least
five undisturbed samples at different depths within
the depth of the anticipated active zone (e.g., within 10
to 20 feet beneath the base of the foundation). Suction
tests may also be performed at relatively frequent
depth intervals (e.g., I-foot increments) to better char-
acterize swell behavior and thereby increase confi-
dence in prediction of potential heave discussed in
chapter 5.

(3) One consolidometer swell and one strength
test should be performed on specimens from each
undisturbed sample (or at intervals of 2.5 feet. for
continuous sampling) at depths above the base of deep
shaft foundations to permit evaluation of the adjacent
soil heave and uplift forces exerted on the shaft/soil
interface, Suction tests may also be performed to fur-
ther characterize swell behavior and increase confi-
dence in prediction of potential heave.

(4) Suction test results can characterize the pore
pressure profile by indicating depths of desiccation
and wetting, which are useful for minimizing potential
foundation problems from soil movement and for eval-
uating remedial measures to correct problems.
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