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SOIL SUCTION RESEARCH

Introduction

Highway pavements have been heavily damaged for many years in
Colorado due to swelling subgrade material. This problem occurs
where highways cut through shale and claystone formations, which
contain montmorillonite or other minerals of high swelling
properties.

Repair of highway pavements, damaged by swelling subgrade
soils, results in high maintenance costs and inconvenience to the
travelling public. Many such problems in the past occured
because there has not been a standard, reliable method of testing

heave potential of undisturbed shales or claystones.

Presently, the Colorado Highway Department uses the "Third
Cycle Expansion Test" to test remolded soil. Unfortunately, this
test 1is not relavent to undisturbed shales or claystones. A
remolded soil will exhibit different swell characteristics due to
the change 1in particle arrangement, density, and void ratio.
Results of this test are applicable for embankment soils placed
directly below highway pavements, but not for wundisturbed
claystones and shales lying directly below highway pavements in
cut sections.

Another test, which can be conducted on undisturbed shale or
claystone, involves the use of the consolidometer apparatus.
This test requires the soil sample to be trimmed to a specific

size and shape. This is sometimes difficult to achieve when



the sample is hard and dry. Also, this type of test is usually
very time consuming because it takes considerable time to reach
equilibrium wetting.

A test that may be more suitable for testing swell potential
of shale and claystone is the soil suction test procedure using
thermocouple psychrometers. Considerable research has been done
on this test method by the U.S. Army Engineer Waterways
Experiment Station at Vicksburg, Mississippi.

The purpose of this research project is to develop a soil
suction test procedure that produces accurate swell or heave
values in a practical way. An important factor in this research
is to determine the correct moisture equilibrium value. The
selection of the proper equilibrium moisture is eritical in
accurately predicting the potential heave of subgrade shales and
claystones. Another important part of this research 1is the
development of a standard method of calculating the amount of
swell, based on the soil suction test results. Amount of heave in
pavements will be compared to calculated values to verify
accuracy of the method developed.

Development of a practical method to measure potential
heave of 1in-situ shale and claystone 1is very desirable. As
mentioned previously, other tests such as the "Third Cycle
Expansion Pressure Test" and the test for volume change, using
the consolidometer apparatus, have shortcomings. Qualitative
analysis of potential swelling soils are available in terms of
Plasticity Index or mineral composition; however, it is difficult

to assign accurate quantitative values with these methods.



Preliminary Engineering

Site Selection- Five field sites were chosen for this
research project. Each site consists of a roadway which cuts
through a shale or claystone formation, Evidence of pavement
damage due to subgrade heaving, was noted at each site chosen.
The location of the field sites are shown in figure 1. At least
one site was located in each of the following geologic formations:

(1) Denver, (2) Laramie, and (3) Pierre.

Engineers and/or maintenance personnel, who are familiar
with the pavement damage history were contacted. The
approximate amount of pavement heave was recorded. Other
pertinent information such as drainage conditions and time of
pavement distress was noted.

Purchase of Testing Equipment- Some of the equipment
required for soil suction testing was on hand. However, the
following additional items were purchased for this project:

-13 stainless steel beakers

- 1 psychrometer control unit

-12 psychrometers

- necessary wire and connectors

Equipment Set-up- The so0il suction equipment on hand,
together with the newly purchased items, was used to construct
two separate testing apparatuses. One apparatus is capable of
testing 6 specimens and the other 10 specimens. Details of the

apparatus set-up is explained in detail in Appendix A.

Field Sampling-

Two test holes were drilled at each selected site. The

first hole was drilled to a minimum of 8 feet into subgrade soil



Figure 1, Mep Showing Locztion of Field Sites

- =" Drchaid Snyder
Tl 1) PR l ’ ' 4 ’:;:Illleagt ]ﬂ—M""
Li L4 l ; Fart Bmshr\
enspaik £ x ' I 1ggins  Morgan l
' E /I| | ‘) Keenesburg ‘ = MORGAN 15 I
. TProspect Valley| i
o PSR | S —— | i e i s ey .‘__._.A._._.I
i Woodrow
..... : W ASH]
b
! - l::‘nu Lindon
%4 yers : }
" r b ) s I
=% D ARAPAHOE 10 \0¥ |
% . "I P . S L e o
11 | \ v :
P N i NP ke
} Sedahia ) = o ! Agate I
: i Elizabeth : l TE A
. 4 1) ”, aa"e 1 Kiowa ELBERT 34 b !
) _{MMQOUG pS I ‘ I AT | fLimon Z
o D IVer pen = Genoa -
; <\ West A7 & l SITE B 7 Dj: e
e Eﬁuk Palmer @ : 2 I p .
L ) ;_r_l_al_w o _“L"_'___.__._-_'_s"“'a Matheson | Hugo
i iVlnnumenl . Ramah-! [
.'] \ I > Calhan ! i »
I (Y e ! Il LINCOLN 3
i wide | VNP ! |
i & Cascade™N\G e | = j :
I'TELL/ER Mano o) Yoser _Rush =" —:—-— = |[Purkin Center__©
I 43 ! _ Spnnss G 3Rl Lolorado Spungs : '
| Cripple : Blnatgmnnrm EL PASO 4 :
* Creek Y\
A SITE o '
L-H'L._-ilﬁ_!_'___cjj \ f'n@ntain !
0 I :
‘kda!e | R | e e e e ~!— --------------- ._i— —
) 2 I .
Cancn City R < Apentose g N % 3
Creek ~ S 3 I
" AT g I | CROWLEY 36 |
B R s - Ayl (e ol
T Wetmore 2 ) D ""'Ek—"‘."-ﬂ'_ £ [ Ordwayl| ©Y 1 3
7 @) vmela/nd Avondale e /:3 ] |
: . pnngs' (= |
Silver Cliff pUEB!"O 2 F:tl‘iﬁillerl I Ja ——l@ Cheraw | .
ISTER 2 : | anzanola S
\@ ' SSan Isabel . | Rocky Ford || wink %




directly below roadway pavement. The second hole was drilled to
an elevation equal to the first bottom-hole elevation and was

located outside the roadway cut section.

Undisturbed samples were taken with the shelby tube at
intervals of about 2 to 3 feet at the first hole. In most cases,
disturbed soil samples were taken from the bottom 0.2 feet of
shelby tube and placed in jars. The same sampling procedure was
used 1in both test holes at each site and the samples in the
second hole were taken at elevations approximately equal to those

samples taken at the first hole.

Preservation of the undisturbed soil samples was
accomplished by placing melted wax at both ends of the sampled
material contained by the shelby tube. The 1liquid wax was
applied to a thickness of about 0.5 inch and allowed to solidify
by cooling. The disturbed soil samples were taken from the
shelby tube, placed in glass Jjars and sealed with an air tight
lid.,

Survey of Field Sites

Test holes at all sites were located and referenced to the
centerline of roadway. The centerline station was recorded in
terms of Mile Post to the nearest one-tenth of a mile. A profile
was drawn of the entire cut section at each site, 1including
pictoral 1logs of the test holes, where the sites consisted of
two-lane highways. A profile was drawn from centerline of median
to outside Test Hole No.2, where sites consisted of four~lane
highways. The profiles were constructed from survey data accurate

to 0.1 feet vertical and 0.5 feet horizontal., See Appendix B.



Laboratory Testing

Most laboratory tests were conducted on samples obtained
with shelby tubes. Sieve analysis and Atterberg Limit tests were
conducted on all representative samples for soil classification
purposes.

In-place moisture and density were determined for material
from each test hole. Specific gravity, void ratio, and degree of
saturation were determined for each soil sample. Soil suction
tests were conducted on all undisturbed soil samples.

Testing Procedures

1. Classification - portions of all soil samples were first
dry prepared by Colorado Procedure 20-72. Then a mechanical
analysis was conducted using Colorado Procedure 21-72. The
Atterberg Limits were determined by AASHTO T-89 and T-90. Results
of these tests were used to identify all soil samples by the
AASHTO designations.

2. In-Place Moisture- Moisture content determinations were

made on soil samples from the shelby tube specimens.

3. In-Place Dry Density- Dry density determinations were

made from the same shelby specimens, using AASHTO T-233-
70.

4, Specific Gravity- Specific Gravity was determined for

soil from each test hole by the AASHTO T-100 method.

5. Degree of Saturation- Percent of saturation was
calculated from results of moisture content, dry density, and

specific gravity determinations.



6. Soil Suction- Tests were conducted using the equipment,
calibration and test procedure, data reduction, and
interpretation as described in Appendix A.

Calculation Procedures

The formula used to calculate volume change is explained in
Appendix A. Most of the factors used in the mathematical formula
are derived from standard tests or procedures which requires very
little personal judgement. However; two of the factors, which are
extremely critical in determining the amount of heave, must be
selected very carefully. These factors are Wo, the initial
moisture content of the soil specimen, and Tmf, the final matrix
soil suction which is dependent on the final moisture content of
the soil specimen.

Various pertinent information, including test results (some
of which are factors used for calculation of heave), relative to
the soil samples is shown in Table A. Heave calculations for
sites A,B,D and E are indicated in Table B.

Three different heave values were calculated for each site.
The different heave values were obtained by selecting initial and
final moisture by the following three methods:

(1) Individual moisture content for each layer that was

sampled.

(2) Average moisture content of all layers sampled.

(3) Minimum moisture content recorded outside cut section
and maximum moisture content recorded in subgrade
material.

The value of Wo (initial moisture content) is entered

directly into the heave calculation formula. Whereas, the value

...7_



of Wf (final or equilibrium moisture content) is wused to
determine Tmf (final matrix soil suction) which is entered into
the formula.

The value of Tmf is determined from a soil suction versus
water content relationship plot (similar to figure 2), using soil
suction values derived from laboratory tests conducted on
subgrade soil samples.

Discussion of Test Results

A basic assumption adopted for this research was that soil
samples taken from test holes outside the highway cut sections
represent the subgrade soil (under the pavement) as it was when
the pavement was placed. Therefore; for calculation purposes,
the in-situ moisture (wo) values were obtained from tests
conducted on soil samples from test holes outside the cut
sections.

Because evidence of pavement heave had occured at all field
sites, it was evident that the moisture content of the subgrade
soil had increased subsequent to pavement construction.
Laboratory tests indicated a significant increase in moisture at
all sites, except Site C (see Table A), which showed a slight
decrease in moisture. Undoubtedly, the in-situ moisture of soil
samples from outside the cut section at Site C is much higher
than the original in-situ moisture of the subgrade material prior
to construction of the highway cut. Apparently, the increase in
moisture was caused by migration from the roadway ditch, which is
only about 25 feet from the test hole. At Site C, the No. 2 test

hole was located improperly. As a result, data from Site C will
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not be used in making heave calculations.

Test results from Sites A, B, D and E 1indicate rather
inconsistent moisture values in the subgrade, as well as, at the
corresponding depth outside the roadway cut as shown in Table A.
The average increase 1in moisture content of the subgrade
materials (as determined by laboratory tests) vary as follows:

(1) Layer by layer-

Site A- 8.0%
Site B- 1.9%
Site E- U4,4%
(2) Average for entire zone-
Site A- 8.5%
Site B~ 1.1%
Site D- 3.0%
Site E- 3.2%
(3) Maximum and Minimum at site-
Site A- 16.7%
Site B- 11.3%
Site D- 5.8%
Site E- T7.5%

Calculating the amount of heave, using three different
moisture determinations as above, generally gave heave values
lower than the amount of heave which occured at these sites. The
best correlation between actual heave in the field and calculated
heave was obtained when maximum final moisture values and minimum
initial moisture values were used. See Figure 3.

The fact that reasonable heave values were obtained with
certain increases in moisture does indicate that the soil suction
tests conducted in this research project did correctly identify
these subgrade shales and claystone as having the potential to

swell the amount they did.

Most suction values obtained during this research were fairly

<30
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uniform and produced good suction versus moisture curves during
the short period of time the tests were conducted. However,
difficulty was encountered 1in wetting and drying many of the
specimens to uniform moisture contents. The suction values for
these specimens were eratic and resulted in non-uniform plots for
so0il suction versus moisture curves.

Many of the psychrometers produced different suction values
when re-calibrated nine months after the original calibration.
Because of their fragile nature, the psychrometers require re-
calibration two or three times a year. About three weeks is
required for this procedure.

Conclusions

Before this research began it was assumed that the moisture
content of claystone or shale, located outside the roadway cut
section at an elevation equal to the corresponding subgrade
material, would represent the moisture content of the subgrade
immediately prior to pavement placement. Also, it was assumed
that the moisture content of the subgrade material sampled and
tested for this research project would represent the final
(equilibrium) or maximum moisture content.

Analysis of moisture values (shown in table A) indicates
these assumptions were not completely accurate. The moisture
values obtained outside the cut areas were higher than expected
and the moisture values obtained from the existing subgrade
material were slightly lower than was expected. The author
believes surface water from the roadway ditches migrated outward
to 1increase the moisture content of the c¢laystone and shale

sampled outside the cut section. The author also believes the
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moisture content of the subgrade claystones and shales, which
were sampled in August and October, was less than the moisture
content that existed in the Spring of the year. As a result of
initial moisture (wo) values being too high and the final or
equilibrium moisture values being too low, the calculated heave
values were less than the heave that actually occured in the
roadway pavemements.

The soil suction values (7) determined from laboratory tests
showed reasonably good soil suction versus water content
relationships when plotted on semilog paper. If initial and
final moisture values could be accurately ascertained, the amount
of heave of these shales and claystones could be calculated
fairly close.

This test can be used in identifying the approximate swell
potential of subgrade material., A curve plotted on semilog paper,
using soil suction values obtained from soil suction tests, can
be used to approximate swell potential by assuming initial and
final moisture contents.

Recommendations

The soil suction test should not be used as a routine test
to identify potentially expansive soils. Plastic Index and
Liquid Limit values, derived from Atterberg tests, should be used
for this purpose.

The s0il suction test, as described in Appendix A, should
be conducted on shale and claystone subgrade (which has been
identified as potentially expansive) on projects planned for the

immediate future. Calculation of swell for these tests should be

w g



determined by using moisture values (initial and final) based on
in-situ moisture and drainage conditions.

Results of these tests should be compared to odometer tests
conducted on identical material. Until these additional tests
are concluded and a detailed analysis completed, adoption of this
soil suction test as a standard procedure would be premature.
Should results of the soil suction and the odometer tests produce
percent swell values in close agreement, then adopotion of the
soil suction test (Appendix A) for inclusion in the CDOH

Procedural Manual would be recommended.

il
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SOIL SUCTION TESTING

Soil suction is a quantity that can be used to characterize
the effect of moisture on soil volume. Soil suction, expressed in
terms of pressure, is a measure of the pulling force exerted on
water by the soil mass.

One of the best techniques used to measure soil suction is
the thermocouple psychrometer. The psychrometer measures the
relative humidity in the soil by a technique <called peltier
cooling. By causing a small direct current of about 4 to 8
milliamperes to flow through the thermocouple jun&tion for about
15 seconds in the correct direction, this junction will cool and
water will condense on it when the dew point temperature is
reached. Condengation of this water inhibits further cooling of
the junction and the voltage difference between the thermocouple
and raference junctions can be measured using a - micro-voltmeter.
With proper calibration the thermocouple psychrometer output in
microvolts can be converted directly to soil suction in terms of
tsf (tons per square foot). Typical thermocouple psychrometer
output voltages vary from less than 1 microvolt for relative
humidities close to 100 percent or total soil suctions less than
1 tsf to about 25 microvolts for relative humidities of about 95
percent or total soil suctions of about 60 tsf.

Equipment

The following equipment is required to perform the soil

suction test:

1) Six psychrometers.
2) Six stainless steel beakers.



Six rubber stoppers.

One psychrometer control unit.

One microvoltmeter.

One polystyrene thermal box.

Necessary wire and connectors.

Specimen cutting equipment (i.e.; wire saw, knife, etc.)
Stopwatch.

Tare containers.

Balance, sensitive to 0.1 gm. _

Calibration standards (WESCOR Osmolality standards).

N—=20wWoo~yoWU W
N M e e e N N N e

—

The first step in setting up the equipment is drilling a
hole (0.25 in. diameter) through the rubber stoppers. The
thermocouple psychrometer wires are fed through the hole so the
psychrometer tip extends about 1 in. from the bottom of the
rubber stopper. The protective sheathing around the psychrometer
tip should form an air tight seal around the hole in the rubber
stopper. The electrical connectors are affixed to the
psychrometer wires for easy connection to the switch box. The
rubber stoppers are used to seal the sample containers, which are
placed in the thermal box to minimize temperature variations. The
switches are wired so that the output voltages (temperature and
soil suction) can be monitored on each of the psychrometers in
turn. The equipment should be kept in a room where ambient
termperature variations are minimal. Photographs 1 and 2 show the

test equipment. Figure 4 shows a detailed drawing of same.

After the equipment is set up, as described above, the

thermocouple psychrometers must be calibrated.

Calibration

Calibration of the equipment involves normal operation of
the equipment with standard solutions, which result in known

relative humidities, placed in the sample containers. The
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PHOTOGRAPH NO. 1
SOIL SUCTION TESTING EQUIPMENT

PHOTOGRAPH NO. 2
CLOSEUP OF A PSYCHROMETER
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different relative humidities result in corresponding retention
forces or soil suction values. Several standard solutions are
tested, and the resulting micro-voltmeter output, when converted
to a standard temperature of 25C yields a linear <calibration
line for the individual thermocouple psychrometer.

The calibration begins by placing a small piece of filter
paper (type and grade variable) in the bottom of each sample
contziner along with 3 ml. of the calibration standard. A minimum
of three, preferably four, calibration standard concentrafions
should be used to adequately define the calibration line (i.e.,
290, 1000, énd 1800 mOs/kg). The equivalent moisture retention
force or soil suction, in tons per square foot, is calculated by
multiplying the concentration by 2.62 x 10_2 (i.e., 1800 mOs/kg x
0.0262 = 47.2 tsf). After sea{ing the sample containers with the
rubber stoppers and placing them in the thermal container, allow
the temperature to equilibrate for approximately 24 hrs. Begin
taking temperature and soil suction output readings every day
until the output readings stabilize. The time to stabilization
varies with the concentration of the calibration standard but
will generally be in the range of 4 to 7 days.

The thermocouple voltage outbut (millivolts) is converted to
temperature (°C) using the following conversion:

Temperature, °C = output in millivolts (1)
0.0395 millivolts/®°C

The psychrometer (soil suction) voltage output, Et (microvolts)

is converted to the -equivalent output at the calibration



temperature of 25°C, E25, by

E25 = (2)

Et
0.325 + 0.027T

When at least three stable output readings are obtained, the
average of the three readings is plotted versus the corresponding
moisture reﬁention force or soil suction on arithmetic scales as
shown in Figure 5. A convenient -scale for plotting the
calibration line for the range of indicated calibration standard
concentrations is 2.5 tsf/em for the ordinate and 2.5 micro-volts
/cm for the abscissa. Typical thermocouple psychrometer
calibration lines are 1linear and can be expressed using the

following equation:

T = mE25 - n (3)
where
T = soil suction, tsf
m = slope of the calibration line
n = y-intercept of the calibration line

The slope will always be positive, and the y-intercept should be
equal'to or less than zero. Under normal uée a semi-annual check
of the calibration -should be conducted to assure that the
equipment is operating properly.

Test Procedure

The test procedure begins by cutting the undisturbed sample
(taken from the shelby tube) into five or six equal sized
specimens that approximate cubes with dimensions of 1.0 inch on a
side. One specimen is placed directly into a metal sample
container and sealed with a rubber stopper. This specimen
represents the natural condition (in-situ moisture). The

remaining specimens are either wetted with varing amounts of
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distilled water or dried at rooﬁ temperature at varying lengths
of time to establish a range of water content conditions. Once
the specimens have been wetted or dried to different water
content conditions, they should be placed in the remaining sample
containers and sealed with the rubber stoppers. The specimens
should be allowed to equilibrate in the sealed containers
(usually about 48 hours) and then tested.

The actual test sequence using the previously described
equipment involves:

1). Selecting a thermocouple psychrometer using the
appropriate switch and reading the temperature
output in millivolts.

2). Changing the switeh from thermocouple to
psychrometer, setting the meter to zero, applying a
cooling current for 15 seconds, and reading the
psychrometer output in microvolts.

3). Repeating 1) and 2) for each of the thermocouple
psychrometers in the equipment setup.

After completing the test sequence, the specimens are
removed, and the dry densities (volume displacement method) and
water contents are determined for each.

Data Reduction and Interpretation

The soil suction data is reduced by first converting the
thermocouple output (millivolts) to temperature ( °C) using
equation (1). The psychrometer output (microvolts) is converted
to an equivalent output ;t the calibration temperature wusing

equation (2). The soil suction of the individual specimens is



determined by substituting the equivalent psychrometer output
into the psychrometer calibration line équation. The data is then
plotted versus water content on a semilog plot to establish the
log so0il suction versus water content relationship, Figure 5,
which is linear and has the form

log T = A - Bw (4)
where
y-intercept

slope

A
B
W water content, percent

Generally, three-cycle semilog paper is sgfficient to accommodate
all of the data points. A convenient scale factor for the
abscissa (water content) is 10 percent per inch. By keeping track
of the points representing natural conditions, all of the data
points are used to establish the 7 - w relationship. If soﬁe
variation occurs at the upper or lower end of the curve because
the 1limits of the measurement range are approached, the data
points between soil suction values of 2 and 20 tsf should be used
to establish the T - w relationship. The slope, B, of the line is
determined by calculating the inverse of the change in water
content over one cycle of the log scale. The intercept, A, is
calculated by applying Equation 4 at soil suction equal to 1 tsf.

Besides the A and B parameters, the prediction of volume
change wusing soil suction data, a volumetric compressibility
factor (<*) is required that relates to change in volume to a
corresponding change 1in water content. The value of o can be
approximated by using the formula: o¢ = 0.0275 P.I. - 0.125. If

the wvalue of P.I. is 40 or greater, then a value of 1.0 can be

used for £

A-10



Other parameters needed to calculate ;olume_ change are
suction index (C¢), Initial void ratio (ey), 1Initial maisture
content (Wo), Final matrix soil suction (T;,f) and Final applied
pressure (a? 5. All but Cyp and Timf have been explained or
determined from laboratory tests. Suction index (C4) reflects the
rate of change of void ratio with respect to soil suction and can
be derived by the formula: Cq = £ Gs/100B. Final matrix soil
suction (7, is the value determined from a plot of the log soil
suction versus water content relationship, based on the final or
equilibrium moisture. _

Calculation of Volume Change (Heave)

The amount of heave, for a given strata thickness can be
calculated using the following formula:
alsy =C/) e, [(A- Bwo) — Jog(Tms + 03]
where:

H = Stratum thickness

Cs+ = Suction index, o Gs/100B
€p = Initial void ratio
Wo = Initial moisture content, percent
Twwf = Final matrix soil suction, tsf
+ o& = Compressibility factor (0.0275 P.I. - 0.125)
O; = Final applied pressure (overburden plus external

load)

A-11



APPENLIX B



TABLE A

LABORATORY TEST RESULTS

SITE AASHTO IN-PLACE * SPECIFIC INITIAL IN-8ITU SOI(LT gl_J:)TION
& DEPTH L. P.l. DRY voID MOISTURE s
RIPLE S, ' CLASSIFICATION ) DENSITY QRAVITY RATIO CONTENT ™ =
Site A=
14 2.0.3.6 | - A-7-6(32) 58 39 96.G 2.59 0.78 26.63 _ l12.0 | 0.0
1B 1.0-4.0 | A-7-6(20) | 51 | 2e ‘ 26.63 |
1C 5.0-8.0 h=7-6(57) 73 50 85.3 2.70 0.7 31.58 3.1.] 0.0
1L | p.0-10.0] __£-7-6(50) 67 Ll 92.8 2.71 0.82 29.92 |15.0 | 3.8
hi 11,0-12.8|- A-7-t(tt) £6 56 £8.7 2.6k 0.86 33,20 80.0 z.
13 12.8-13.0 A=T-6(30) 51 28,
2k 10.1-11,2| = #-7-6(16) | L2 23 101.7 2.65 0.63 __16.53 |39.0
2B 12.0-13.1 A-7-¢(33) 54 32 98.9 2.01 0.65 19.59 8.7
s¢ - l1h.0-15.7|  A-7-6(€2) g2 | 53 95k 2.70 ' 0.77 2b.74  |29.0
2. 15,7=-16.0 22.31
2L 17.0-18.5| A=7-6(71) 87 61 97.1 2.06 0.71 25.57  |17.5
Site B-1A | 2.0-4.0 h=7-5(34) 71 38 eL.9 2.72 1.00 3%.60 12:0 | 10.5
15 | 4.0-8.0 A=7-6(17) 66 L3 £e.5 2.7 C. 91 28,2 10.0 L.5
1C | 8.0-11.0 ,
1 [11.0-13.0| 4-7-6(15) 56 31 87.0 2.7 0.94 25.0 21.0 | 5.9
2h |10.5-12.5 A=7-5(59) 84 54 86.4 2.71 0.96 32,3 6.1
ZH |13.5-15.5 A=7-0(12) 59 3 86.4 2.69 0.94 25.0 7.9
2¢ ‘
2L [18.6-21.5 |  A-7-6(9) 52 26 85.2 2.67 0.6 | 23,3 13.0
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TABLE A

LABORATORY TEST RESULTS

IN-PLACE

i SOIL
SITE p—— " SPECIFIC INITIAL IN-SITU H:UFC)TDN
i DEPTH L.L. P.l. DRY — voip MOISTURE PR
S KFEE 6. CLASSIFICATION DENSITY RAVITY RATIO CONTENT . Sy
Site C-1A| 2,0-4.0 |  A-7-6(36) 56 29 109. 3 2.7 0.506 19,39 3.5
1B| 4.C-6.C A-?—6(30) 51 26 107.0 2.68 0.56 19.50 1.6
1¢| 6.0-8.0 h=T=613) 51 L1 103.9 2.70 0.62 21.59 " 0.5
1L | &.0-10.0 h=7-6(30) 51 26 101.2 2.7 0.63 20.42 1.4
24| 6.0-8.0 A=7-6(32) 57 28. 102.9 2.71 0.6l 20.07 1.5
2B | £.0-10.5 h-7-6(34) 56 32 _105.1 2.73 0.6! 22,19 1.7
26 | 10.5=12.5 h=7-6(238) 59 33 10%7..7 2.72 0.58 2197 2.l
2L | 12.5-14.5 A-7-6(37) 60 32 104.0 2.73 0.63 23.64 3.0}
Site L-1Al 3,0-5.0 A=7=t:(29) 51 22 107.4 2.72 0.58 17.76 6.6 1.3
18] 5.0-7.0 A-7-6(35) 52 33 111.6 '2.72 0.52 18.43 30.5] 4.0
1¢l 7.6-10.0 L=7-5(28) L2 27 115,5 2.63 0.42 15.89 . G.011,3
'L 10,0-11.0 A=7-6(33) 50 32 117.0 2.63 0.40 14,50 23.0| 5.6
28| 27.0-20.0 h=7-6(27) L 7 118.0 2.62 0.38 15,40 0.8
2B!20,0-32,0 h=7-6(15) 3, 18 112.0 2.60 0.4l 12.61 3.2
2¢] 22.0-32,5 h=7-t(20) 39 23 106.8 2.6E .55 12.99 2.5
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TABLE A

LABORATORY TEST RESULTS

SITE AASHTO IN-PLACE - " SPECIFIC INITIAL IN-SITU sm; 2ch7&0~'
a DEPTH CLAS BIFICATION L. | P DRY p=tintin voID MOISTURE BE
ISAMPLE NO. DENSITY RATIO CONTENT 7 -
Site E-14| 3,0-5.0 A=7-6(40) 65 . | 41 10C.2 2.72 0.69 24.20 {49.0 | 3.3
1Bl 5.0-8.0 A-7-t(36) 58 2L 95.3 2.69 0.76 22,20 118,5 | 2.0
1¢| £.0-10.0 A-7-6(35) 55 | 32 101.8 2,70 0.65 21 .42 b5 | 5.6
11.110.0-12.0 h=7-6(L1) 57 37 113.0 2.7 0.49 18,02 C.C [0 0
2£110,0-12,0 A=7-6(35) 52 33 105.9 2.6l 0.55 16.29 2.4
21l13 0-15.0 h=7-6(36) 50. A 2) 92.8 2.62 0.76 16.77 1.4
2¢115.0-17.0 A=7-t(LR) - 65 Lk 99.3 2.65 0.66 22.06 1.8
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TABLE B ~
~ CALCULATION OF HEAVE- SITE A
2% = %o [(A-816) ~ tog (Timp to< o )]

(/) (/_5/}7‘7 morstare talucs of eqok Jayer -

Sarmple /A
/C
V74
/L

8425 =07 6(( 5366 -0.263 x 15.53) “@( o.0+0.13)] =o. 10Ft, By =367
8% =22 7/( 2378 -0.285 x 24.74) ‘by( 0.0+0.3/)] =o.04rt o BH =2 40m
&%z =23 2(( 2.945-0.077% 22.3/) tog{ 28+0.55)] Zos0F 2, . BK =2.%/m,

0 #25= 2855 d(s009-0.13 % 25.57)-tog{ 2.5%073)) S0.277¢, - OW =3.2/m,
: Total S/E i —+—

(2) 1/.9/'//:'7 @I E TR mors tire of all lo perrss

Sarnple /A
/c
/L
/E

B25 = a'”%a[(.ﬁ.a;;—azss =2, 75) "'/05( 0.0 +o.3)) =o.30F7. o Bu = Ltim,

BZ5= > % (2375-0.266%21.75) -/a_g(o.x +o.3)] =o. oaft, < O 7=2.9/n.

B /t5 = 0393702943 -—0.07?x21.7.5')‘/‘?_9(3-°’+"'55)] =o.11¢, - BH=2.7/n.

875 =0rss56( 50090093 %21 75)~1og(6.9 +o 73)] =o. sort, O =37/
7otzl! =/0.415m —-—

(3) ”5"}{9 /maxinarn W ino)stare and miaimern Wb rmrolstore

Sample /A4
/c
/LD
/E

DH5 =27 s I:(-fjiél—a.ag:ﬁ X /5.53)“105(0.0 +o.s3)]=0./0 Frs, By=36/n
8225=2"%, 2378 ~0.286 xs6.53)~Lod o030 =0.07er., Ot =6.1 /.
o 4z =032 (29450079 %653 )-Log2.1v055)=0.25r%, - OH = 5.5 /n,

—0./85 ‘ . ;
O3 =0 ﬁé[.(.ioal/—a/-yﬁ x/€.5‘.3>"[qy(2.5+o.2_3)]=0.21F;‘:)' Oy =76 /in
7otal = ZZ2.84m

Note : Actwal heave at this s/te mas estimated 7o be /8 /me .




TABLE B
CALCULATION OF HEAVE- SITE B

*% = Yol A-846) 4o (Terocan)]

(/ ) (/5/579 molsture valdes of exch /layer -

50/7_3/3/::“ /A4 &/V:a,% [(‘.5'/‘?/ -0./27 % 33, 30)"[0‘9(/05+O/7)] =0.00 4 "‘A:‘/'-'-‘OOI}?
/8 D45 =225 (4357 -0.rm7% 254 )‘lny( Vit +o.5))=0.0277. 1 DK =100,
/D BEg=oe %l 95 3-02 /3% 22.30)'[09(56 +0.73)] =o. czrt, BN =0.5in

' Total =/L5 in <+——

(2) Ysirry @areriyye (TS i AL all Faper

Sample /A *%o (59, ozz7><z7so) zo_c,-(w+o 17))=0.00Ft: " Dy=00m. .

%
16 047="%55(y357-0.137%22.80) ~Log(3.5+0.31 )] F0.00F . - B =0.0ir.
L%

—=0.0

/9%[(5953 ~0.213%27.80) -£05(7 7+o. 73):! S0.00FF. 4 B =0.0in.

7otal =o0.0/n. =+—

(3) 5170 taaximum b rinistire anc' ruinicnum bW morstars
Saqrrypfe /A Drg= 'H/Eo[(,f /97 -0. /;7%2? 30)‘[03(/05+O /7)] =0./3FF O =3.1/n.
/B Otg=2% /[ 4.357-o. /37xzzao) "tog(o 8 +o :31)]-0 13FT e O =62/

1o B (5963-0.2/3% 22 30)-toglo.6 +o.72)=0.05¢1; Bk =12in.

757‘0/ =/0.5 71, --—

Nete ' Acteal hecve 27 Ffrs S/te was estiimared to be /8 rhckes.
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TABLE B
‘ CALCULATION OF HEAVE- SITE D
8% = %, o [(A-814) — 9 (P3np+ox oz )]

. ( /) 5/5;}79 oIS terre valuss of eoct /o yer -

Sampte 14 045455684 -0.323%15.40) Lo 1.3 +o.25)) =002 A1, DM =0.5/m.

o297 . R
/B8 ‘5%= ’//.‘/52'[(3./6/-0./‘/)‘ X /2. 6/) 'Zoy("/O-l-a..B?)] =0.06F%.," -&f/ =AY 177,

/< a%:o'o%[(%5_/6*0.2‘7*/-»(/2-77) "Zog(/.z +0.99)] =o.ozf‘r':,"‘a//=0.8 ’172.
o BHg=

>°29(( 5296-0.323%12.99) -109('/-9-"0-6/)] =0.01Fr s BH =0.//n.
Tnrtgl =2.8ip =

) (2) l/.n'ﬂy average mo/slire of a-// layers :

Sarnple /A D45 =*°%(se84-0.323% /3. 57)—£o3(z 3+o.25)]=0.04r# 5 BH =/107n.
5 . 045=273./6/-0. /‘/7'x/.3.67)—4!c:3(2 cto.37)] =o.027r, BH=0.5/n.
o 0725="55 (4616 -0.294xs5 67)159(0.74-0.*/9)] =o.02r+,; BH =0.7 i

/D BT za'%[(;.z?s mo.azaxzs.g'a—zOy(zw 0.67))=0.03 Fr.. D H=0.4/n,

. ) ‘ ) o ) Total =2.6/n. —~—
(3) s 101g moXiraT W molStare and rumiimam Wg rmroistars

Somple /4 BZZ = > til(sssy-0vz3%/2.6)) -Aby(c;. s+ozs)=0.06 ) Oy= 14/,
;B 045=2%=(3.16/-0.147 % 12.67) ~2og(40+0.37)]=0.06 Ft.;. DK= /.4 /s
/C 8 #5=°37(s16/6-0.29¢x/2.5/) —Zoy(o.z +o.49)) =0.0 454 ; OH=1Ein.
V7o BRAY = °'°%[(5.z¢75—o.323 x/2.61) —103(0.5+o. 5/)] =0.05 ft., LB H=0.6 /17,

Total =5.0/rn <+

NMote @ Actwal lcaie: at #ws Site was estimated lto be 8 /nclhes :




TABLE B
CALCWLATION OF HEAVE- SITE E

% = e [(A-545) 25 (7nr to<r )]

(/) Usirrg rrolsTure Valdes of each layer -
Sample 14 . O%2="""% [C40v0 —0./52 x 16.29) ~tog(3.3+0. 25\ =01 £t By =2.6in.
/B "-\‘”/jza /75 [(3‘?/; -0./72 X /6. 77) ang(z O+ 30)] =0.05 1y B pr=/8 i,
/e B2z=225%:(q./52 —0./6% x2206) ~Log (56 +o. s5)) =0.00ft Oy =0.0/n.
o  BH5=0120,7500( 3.6 5-0.200 X22, os)"éoy (0.3 +0.67)]=0. ooft., B =00 in

‘ Tafa/ =4Yrn.~=
_ (2 ) Z/j/}?_y FVErage sr7oSEre of all [ YIS .

Sarnple /A NS5 =7 %0 [( SO —0. 152 X/837)_Zoy<8?+o 25) =0.03 Fh ﬁ/f 0.8 /in.
/B big=° % [(3 V9] —0.172 X/8. 37)—.(05(3 o+o. 30)] =0.02r*., &/1/ =0.7 /.
Y DL E="e2 ’2,:55[( 4. /3Z2~0.164 X/B..??)"lc:;:(u.ﬁ +0.55)] =0.03 . By =0.7in.

/o B 2=y [(3 6: = 0.200 X/&..B?D—z_’qy( 0.0+0.67)] =o.01 f‘f.,-‘-é/-/ =0.2 /17,

o _ Total =2.4 17 ——
(3) sing maximarn g tmorsture arrl sritritnarrn WE trrorstare

Saraple /A DLz =2""%% [( YOO -0.152 X 1627) —203( 3.3+0.25)=0.11 Ft,- Ot =2.6 7.
s 045755 0.9/ -0.172 %/6.29)~Lo 1.0 +0.30)) =0.07Ft.; Bl = 2.7 /1.
o . 027G 5 g5z-0.164 x16.29) 20 1.8 +o.55) = 0.08 1, D= 2.0 in.
o 04522270 5.600-0.200 X/6.29) ~to 0.0 +0.67))=0.04Ft; DH=10 in.
Total =8.3 1r. =—

Note : Actaal heive +7F 11is Site was eslinarted ro be /2 iriches.
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ELEVATION IN FEET

TABLE C

CROSS8 S8ECTION OF HIGHWAY CUT AT SITE A

L 120
L 110
_ 100
LAYER A
LAYER C
- 80 . LAYER D
TYPE OF MATERIAL: LAYER N
ASPHALT =
CLAYSTONE B
CLAY
_ 80
SILT =
0 40 0 80
Bl0 6'0 4!0 2|0 | 210 | el_ 1

HORIZONTAL DISTANCE IN FEET
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ELEVATION IN FEET

TABLE C

CROSS SECTION OF HIGHWAY CUT AT SITE B

- 120
*2
. 110
‘7
/,’
L 100 =
LAYER A =
LAYER B =
€052
:'..';
- 90 i)
TYPE OF MATERIAL: LAYER D
ASPHALT =
CLAYSTONE =]
- SAND
i SANDSTONE
CLAY
SILTY CLAY
0 40 80
BIO B!D 4|0 210 : 2|0 | BIO e

HORIZONTAL DISTANCE IN- FEET




'ELEVATION IN FEET

TABLE C

CROSS SECTION OF HIGHWAY CUT AT SITE C

- 120

- 110

- 100

- 80

- 80

TYPE OF MATERIAL :

ASPHALT
SHALE
SANDY SILT
CLAY

SILTY CLAY

80 60

| 1

NNE I

*2

TN

== LAYER A
=" LAYER B
— | LAYER C
- = LAYER D =
40 20 - ?. 20 40 80

1 | 1 1 ! 1

HORIZONTAL DISTANCE INI FEET
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ELEVATION IN FEET

TABLE C

CROSS SECTION OF HIGHWAY CUT AT SITE D

120

110

80

*1

TYPE OF MATERIAL:

80

ASPHALT (=2

CLAYSTONE =]
SANDY GRAVEL
CLAYEY SILT [Z

20

I

NN

RN NN - *

40 60 80 100 120 140
1 1 1 1 I

HORIZONTAL DISTANCE IN FEET
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ELEVATION IN FEET

TABLE C

CROSS SECTION OF HIGHWAY CUT AT SITE E

120

110

N”

2l
== LAYER o =~ —— — _
——
raaA _‘—‘—l——.
8¢ e LAYER g ~— — — —
TYPE OF MATERIAL: — LAYERD — —— —u _BH
* % —
~ ASPHALT =) 3
CLAYSTONE 2=
- SANDY GRAVEL
CLAYEY SILT

0 - 20 40 60 80 100 120-
! 1 1 ! 1 : 1 L

140

HORIZONTAL DISTANCE IN FEET
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DEFINITIONS

Soil Suction - It is a measure of the pulling force exerted on

water by a soil.

Montmorillonite - A clay mineral which increases in volume with

an increase in moisture content.

In-Situ Moisture - The percent of moisture within an undisturbed

soil or rock.

Equilibrium Moisture - The maximum or final moisture content

within subgrade material.

Third Cycle Expansion Pressure Test - A method of determining the

amount of vertical expansion pressure exhibited by a soil
specimen (remolded at a specific moisture and density) when
inundated with water. The test procedure 1is designated as
Colorado Procedure L-3103.

Consolidometer - A device to hold a soil sample in a ring which

is either fixed to the base of the consolidometer or floating
(supported by friction on periphery of sample) with porous stones
on each face of the sample. fhe consolidometer provides a rmreans
of submerging the sample, for applying a vertical load and for
measuring the change in thickness of the sample.

Shelby Tube - A thin-wall sample spoon used to obtain

"Undisturbed" soil samples. The wall thickness is approximately



1/16 in. and the diameters usually range from 2 to 4 inches.

Psychrometer - A device for measuring relative humidity.

Void Ratio - The ratio of the volume of void space to the total

volume of the particles within a mass.

Atterberg Limits - The Different states of soil consistency as defined by

the Liquid Limit, Plastic Limit, and Shrinkage Limit tests.
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