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CONVERSION FACTORS, BRITISH '10 METRIC UNITS OF MEASURENT

British units of measurement used in this report can be converted to metric

units as follows:

Multiply By To Obtain

inches 2.54 centimeters

feet O.30148 meters

miles 1.609344 kilometers
acres 4046.9 square meters
pints o.1473166 liters

pounds 0.45359237 kilograms

"square inches 6.4516 square
centimeters
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SUMMARY

•This study was undertaken to determine if the average of soil
strength values obtained in a small area can be reliably applied to larger
areas. The values of those soil properties commonly used in predicting
soil strength and classiiying soils were compared for areas differing in
size. Six test sites in each of rour soil series of loessial origin were
established in Warren County, Mississippi, using series boundaries on soil
survey maps for locating the sites. The series were the Memphis and Loring
in the uplands and the Collins and Falaya in the bottomlands. Each site
consisted of five sampling rows and each row had four sampling positions.
Plots of pedologically distinct soil series were identified from field ex-
amination within sites and were used as an additional subdivision of test
areas. Tests were conducted on four occasions to collect data on soil
strength and moisture content, and opce to collect data on other physi-
cal properties of the soil.

The four Roil series could not be distinguished by soil strength be-

cause the cone index varied widely for any one series and the range of cone
index for each series was approximately the same. The soils of the 6- to
12-in. layer of the uplands differed from those of the bottomlands in clay
content and plasticity, but there was no corresponding difference in
strength. The poorly drained Henry series and alluvial-fill soils of the
uplands, as identified in the field, had the lowest cone indexes. Certain
plots exhibited consistently different cone indexes for each sampling visit
than did other plots in the same series, and certain rows in the same plot
showed consistently different cone indexes. However, these differences
could not be explained satisfactorily in terms of soil series, or soil
properties commonly used in the Unified Soil Classification System and the
U. S. Department of Agriculture textural classification. Limited data sug-
gest that in future trafficability studies a terrain geometry claasifica-
tion system would be useful for identifying areas considered uniform in

soil type but variable in soil strength by indicating areas having differ-
ences in reception or retention of water and differentiaL~ros ion or deposi-
tion. Also, the effect of soil factors such as organic matter content,
structure, and natural cementing agents should be determined. In a row of
relatively uniform soil, five samplings for moisture content and static
physical properties, and 10 measurements for soil strength should be made
to provide acceptable mean values for trafficability ,se.

Basic data for each test site are included as Appendix A.

ix
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FORECASTING TRAFFICABILITY OF SOILS

VARIABILITY OF PHYSICAL PROPERTIS OF LOESS SOILS
WARREN COUNTY, I-DSSISSIPPI

PART I: INTROUDTION

Background

1. In 1945, the U. S. Army Engineer Waterways Experiment Station

(wS) began a series of investigations to det'ermlne and evaliate soil
1properties that affect movement of military vehicles. Instrumm-jts were

designed and built to measure soil strength, and soil strength measurements
were correlated with the performance of a wide range of vehicles in pre-

pared test laIes. Later, many soils in different terrains were studied

to determine soil strength-vehicle performance relations. Other studies

were conducted under diverse soil, weather, and site conditions to develop

methods for predicting soil moisture content and its influence on traffic-
ability. From these studies, trafficability classifi3ations and tent-'2.ive

methods for predicting soil moisture have been deri-ed. 2 '3

2. The soil moisture and strength prediction methods were de'eloped

from test data obtained from relatively small areas, about thM size of a
conventional military vehicle. The measurements obtained in these tests

are averages of soil property values that occur within the overall ground

contact area of the vehicle. Although studies have been conducted to

determine specific soil and site conditions for small test areas, no test

has been made of the validity of applying these measurements over large

areas. The next step, then, is to determine if the measurements obtained

from tests in small areas can be applied to large areas or extrapolated to

other areas of similar soil. Knowledge is needed, also, of soil and site

factors that define and bound an area considered uniform for soil traffic-

ability purposes.

1J
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Purpose

3. The purposes of this study were to:

a. Determine if the average of soil strength values obtained
in a small area can be reliably used for a larger area of
similar soil.

b. Determine whether the application of small area test results
to larger areas is consistent with passage of time, as the
soil moisture content changes.

c. Determine whether the variations in values of static soil
properties (i.e. those that do not vary with time) and site
factors used in soil moisture prediction methods are con-
sistent with variations in strengths for small and large
areas.

d. Consider the influence on soil strength of soil and site
factors other than those that have been intensely studied.

e. Determine variation and sampling intensities of soil proper-
ties, pertinent to trafficability prediction.

Scope

4. The study was confined to relatively uniform soils developed from

loess in Warren County, Mississippi. Four pedological soil series, two in

upland positions differing in drainage and two in bottouland positions

differing in drainage, were examined. Data were collected at 24 sites, six

on each soil series. The static properties and site factors for each site

were measured once during the winter-spring period. The dynamic properties

that vary with time (i.e. soil strength and moisture content), were meas-
ured on four occasions during the year following the measurement of the

static properties.

Definitions

5. Specialized terms used in this report are defined below.

Soil series. A group of soils having genetic horizons similar

in diagnostic characteristics and arrangement in the soil profile, and

developed from a particular type of parent material. Except for texture,
especially of the A horizons the morphological features of the soil profile,

2



I r
as exhibited in the physical characteristics and thickness of the soil

horizons, do not vary significantly within a series.

Loess. Deposit of windblown material, predominantly silty in

texture but often containing significant amounts of clay and fine sand.

Soil separates. Mineral particles, less than 2 am in equivalent

diameter, ranging between specified size limits. The names and sizes of

separates recognized in the United States are sand, 2.0-0.05 M; silt,

0.05-0.002 mm; and clay, <0.002 im.

Fines. Soil grains finer than 0.074 -mm (passing a No. 200 sieve).

Liquid limit (LL). The moisture content at whicb a pat of soil,
cut by a groove of standard dimensio:.s, will flow together for a distance

of 1/2 in.* under the impact of 2,1 blows with a standard instrument and
procedure. It represents the moisture content at which the characteristics

of a mixture of soil and water change from plastic to liquid. J
Plastic limit (PL). The moisture content at which a soil just

begins to crumble when rolled ort into i/8-in.-diameter threads. it rep-

resents the moisture content corresponding to an arbitrary limit betwee.

the plastic and semisolid states of consistency.

Plasticity index (PI). The numerical difference in moisture
content between the liquid and plastic limits.

Specific gravity. The ratio of the weight of soil after dryin
to a constant weight at 105 C to the weight of an equal volume of water.

Dry density. Weight of soil after drying at 105 C to e constant
weight per unit volume of the soil in its natural structure, expressed as

pounds per cubic foot or grams per cubic centimeter. It is comparable to

bulk density and dry unit weigbt of intact samples.

Soil inoisture content (MC). The soil moisture content expressed

as a percentage of the weight of water driven off at 105 C to the weight of i

the remaining dry soil.

Moisture tension. Considered to be the force or tension by which

water is held to the surface of soil particles or within interstices; it

* A table of factors for converting British units of measurement to metric
units is given on page vii.

3__
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varies inversely with the soil moisture content. The moisture-tension

relation for a particular soil is determined by means of a laboratory

device at a sequence of tension or pressure settings. At a given moisture

content, the tension is equal to the negative or gage pressure to which

free water in the instrument has been subjected in order to be in hydraulic

equilibrium, through a permeable wall or membrane, with the water in the

soil.
SDynamic property. A property whose value changes with time and

weather, e.g. moisture content or soil strength.

Static property. A property with a fixed value, for this study

considered unchangeable with time, e.g. grain size or plasticity.

Soil strength. The resistance of a soil to an applied stress.

The strength varies with moisture content and the nature, arrangement, and

size distribution of the soil particles, and the test itself. The princi-

pal unit of strength used in trafficability studies is cone index.

Trafficability. The ability of a soil to permit the movement of

a military vehicle.

Critical layer. The layer of soil regarded es most pertinent to

establishing relations between soil strength and vehicle performance. In

fine-grained soils and sands with fines, poorly drained, it is usually the

6- to 12-in. layer. However, the critical layer may vary with weight of

vehicle and with soil strength profile.

Cone index (CI). An index of the shearing resistance of soil ob-

tained with the cone penetrometer. The value represents the resistance of

the soil to penetration of a 30-deg cone of 0.5-sq-in. base or projected

area. The number, although considered dimensionless, is actually pounds of

force on the handle divided by the area of the cone base in square inches.

Remolding index (RI). A ratio expressing the change in strength

of a soil that will occur under vehicular traffic.

Rating cone index (RCI). The product of the measured cone index

and the remolding index for the critical layer of soil.

Cone penetrometer. A field instrument consisting of a shaft with
a 30-deg right cone mounted on one end, and a proving ring with dial gage

and handle mounted on the other.

'4



Trafficability sampler. A piston-type soil sampler for obtaining

soft soil samples. The sample may be used in its entirety for making a re-

molding test ox cut to known volues, by the use of spacer bars or pins,

for determining dry density.

Remolding equipment. A cylinder of the same diameter as the traf-

ificability sampler cylinder mounted vertically on a base, and a 2-1/2-lb

drop hamner that travels 12 in. on an 18-in. section of a cone penetrometer

shaft fitted with a circular foot.
Median. The value of the middle iten in an array.

Mean. The average value of all items in a sample. It is calcu-

lated by dividing the algebraic sum of the observations by their number.

Normal distribution. A type of distribution that serves to de-

scribe the frequency of occurrence of many natural facts and phenomena. It

has an exact mathemtical expression and is the basis of most statistical

measures and inferences.

Standard deviation from the mean. The standard deviation from

the mean is an index of dispersion of individuals in a sample about the

mean of the sample. It is calculated as the square root of the mean of the

squared deviations taken from the mean of the distribution. For a sample

ha-,ing a normal distribution, 68 percent of the individuals will have
values within plus or minus one standard deviation from the mean.

Probability. As used. in statistics, the probability of a given

event is the expected frequency of occurrence of this event among events
of like sort.

Significance. Significance is a meazure of reliability. A

given difference is called significant or reliable when the experimenter

is satisfied that it cannot be explained away as having arisen from

sampling fluctuations or sampling accidents.

Level of significance. A measure of reliability qualified by a

statenent of probability. A given difference is called significant at the

5 percent level if the probability is 95 times out of 100 that it cannot be

explained as having arisen from a sampling accident; a difference is signif-

icant at the 1 percent level if the probability is 99 times out of 100 that

it cannot be explained away as having arisen from a sampling accident.



-.- V .. Variance. An index of dispersion or variability of sample values

or means. It is also called the mean square and is numerically equal to

the square of the standard deviation.

F-test. A test comparing variances of two sets of values in a

Sstudy in order to determine the probability of one set being like the

- I other. The F-value is the ratio of the two variances, which in this study

is that of the larger area, the plot variance, divided by that of the

- smaller area, the row variance. If the ratio is small, the variance of

plot values is cwn with that of the rows within the plots, and the

existence of plot differences is remote. If the ratio is large, exceeding

a predetermined value based on a normal distribution, the probability

exists that the plot values are not common with rows within plots and

therefore that plot differences occur.

6



PART II: TEST PROGRAM

Test Area

6. The study was conducted in the eastern and southern parts of

Warren County, Mississippi, in soils derived from loess overlying Tertiary
sediments. The county is bounded on the east by the Big Black River, with
a valley 1 to 2 miles wide, and on the west by the Mississippi River. The
loess deposit thins from a depth of 60 ft near the Mississippi River Valley

to a few feet on the hilltops 30 miles to the east. The deep loess has been
severely eroded, forming narrow valleys with 30- to 100-ft differences in
relief and with steep slopes that are frequently steeper than 50 percent.

The valley bottoms are narrow and flat; the hilltops are often narrow ridges,

although some wide, flat uplands occur. The loess hills bordering the Big

Black River frequently have less slope and relief than the deeper loess
hills further west. The terrain pattern of the test area is shown in fig. 1. I

7. Soils developed from loess are relatively uniform, consisting pri- I
marily of silt, with some fine sand and clay. Differences occur between up-
land and bottomland soils. The upland loessial soils have weathered in
place resulting in an increase in the clay content and a silty clay texture
in a layer 10 to 20 in. below the surface, in contrast to a silt loam tex-
ture above and below the layer. Due to erosion of the surface at some lo-
cations, the clayey layer is at or near the surface. The bottomland soils
are derived from recent alluvium washed in from the loess hills, and gen-

erally have a silt loam texture throughout the profile. Some bottomland
soils along the Big Black River have higher contents of sand resulting from
admixtures of sandy Tertiary materials. Loessial terrace soils also occur

along the Big Black River, but these soils were not studied.
8. Sequences of soil series with drainages ranging from good to poor

are distinguished for the upland and bottomland loessial soils of Warren

County. In soils of the uplands, a fragipan occurs in and below the clayey
layer. The prevalent soil series and approximate depths to the fragipan,

where present, are as follows: Memphis, no fragipan; Loring, 36 in.;

Grenada, 24 in.; and Henry, .6 in. In soils of the bottomlands, shallow

7
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groundwater tables have developed a mottled structureless soil layer zone

with dark gray and brown colors. The prevalent soil series and approximate

depths to the mottled zone are as follows: Collins, 20 in.; Falaya, 10 in.;

and Waverly, 3 in.

Test Sites

Selection

9. Sites were selected from soil survey maps of areas mapped as one

soil series. It was desired to test soil series of uplands and bottomlands

that differed widely in drainage, but examination of the maps showed that

very poor and very well-drained soils were not common in the county; there-

fore, only soils of fair to intermediate drainage in the Memphis and Loring

series of the uplands and the Collins and Falaya series of the bottomlands

were selected for testing. For each of the four series, six test sites

were randomly picked from more than 200 selected locations on the soil

maps. The locations of the sites are
shown in fig. 1. All sites were non- C _

forested so as to minimize the in-

fluence of vegetation in the analyses. |O IIayt10. Sites ranged from 100 to O2
540 ft in lenbth, as determined by
the distance between soil map bound- • OW.XT Or"NWT

aries, and were 30 ft in width. • -

The length of the site was oriented

upslope in the uplands, and between

the drainage channel and the foot

of the uplands in the bottomlands.

The site layout is shown in fig. 2.

The smallest test area, the row,
,LOW* JX& WOES 80LON)m

was established across the width

of the site, parallel to the con-

tour of the terrain. Five Fig. 2. Site layout

9
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equidistant rows were established at each site, with spacing between rows
governed by the site length. Four sampling positions (A., Bý, 0, and D)

were located 10 ft apart along each row.
Description

11. The losations and descriptions of the test sites including

notes on topography, drainage., vegetation, and land use are given in

table 1. Photographs of the sites, inset soil survey maps of areas of

1/2-mile radius around the sites, and the orientation of the sites are

shown in plate l.* More than 50 percent of the areas are mapped as soil

series complexes of two or more dominant soil series.* For example, 90

percent of the area surrounding site M VIII, a Memphis soil., was mapped

as soil complexes. Macrogeometry and microgeometry of the test sites

were described by the Geology Branch of the WES,, using semiquantitativeItechniques devised by them.

Selection of Test Plots

12. During sampling at the sites it became obvious that there were

inclusions of soil other than that of the mapped soil series. The inclu-
sions were not unexpected since smll areas of unlike soils are difficult.,

if not impossible., to delineate and show at the scale of the soil survey

maps. To determine the prevalence and nature of these inclusions, the

soils were identified in the field by row,, and the series identifications
were changed where necessary.** Each tvo or more rows at a site of the

same soil series identified in the field were grouped together for analysis
and designated as a plot. Rows of a plot were not necessarily adjaicent.

Thus., a site identified In the field as a single soil series consisted~ of

one plot; another site identified in the field as two soil series consisted

I * The soil ma~ps were te)ýen from unpublished field sheets of the standard
soil survey conductwl by the Soil Conservation Service of the U. S.
Department. of Agriculture. Siibboimdaries separating classes of erosion
and slopes are not shown. The result~s of the soil survey and the maps
were published Subsequently in Q4

**Identifications were m~de by Mr. Y. H. Havens, State Soil Correlator.,
Soil Conservation Senrle.e, Jackson, Mississippi.

10
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of two plots. A cross-reference of soil series by sites and plots is

shown in table 2. Field identifications were not made at five sites

because the sites or access avenues to the rites were inundated at the

time the identifications were made; of the remaining sites the series

identifications were changed for 36 of the 95 rows, resulting in a

grouping of soils into 23 plots, each with two to five rows. Single

rows of a field-identified soil series were not designated as plots and

were not included in plot and row analysis. In .the uplands the major

changes of the field identification were the delineation of areas of

alluvial fill and the Henry series from areas mapped as Memphis. In the

bottomlande, field identification of Collins and Falaya frequently dif-

fered from map identifications. The Hymon series was identified from

soils mapped as Collins. Two different soil series were identified at

each of four sites.

Data Collection

13. Samples were collected once at a site to obtain data on the
static properties of the soil; four visits were made to obtain data on

the dynamic properties of the soil for a range of weather conditions.

Data were obtained from each of the 20 sampling positions at a site.

Tests on successive visits followed a preset pattern that included moving
the sampling position one pace from a previous location to preclude test-

ing soil that had been disturbed in a previous test.

Static properties
14. One-pint bulk samples weree taken from the surface to 6-in. and

6- to 12-in. layers and analyzed following standard test procedures, 7 for

liquid and plastic limits, specific gravity, and grain sizes, Soil cores

were taken with the modified San Dimas soil sampler in 3-in. vertical

increments from the surface to a depth of 12 in. and used to determine dry

density and soil moisture content at saturation, 0.015-, 0.')3-, and

0.06-atm tensions.80

Dynamic properties
15. For those properties that vary with time, sampling and

311



possible to prevent inconsistencies in test results that coald result
•°• "from. interim drying or wetting of the soil. Samples for moisture content

• were taken from the surface to 6-in. and 6- to 12-in. layers., and a remold-
ing index test vas conducted on a sample from the 6- to 12-in. laer.

. Cone penetrometer measurements were taken at 3-in. vertical increments
S! from, the surface to 18 in. It was necessary to measure strength when the

Ssoil was fairly moist to be within the range of the test instruments. The

first winter season was dry., and although two visits were made., the soil
[ was too firm to obtain a sufficient number of strength measurements for

analysis. Following a heavy rain in April,, another visit was made (visit

A). To assure getting data from firm soils, a 0.2-sq-in. cone penetrometer

was used. Because of the dry condition experienced on previous visits, no

attempt was made to measure moisture contents or take remolding index sam-
ples from the 6- to 12-in. laer. Tn late February of the second winter,
a fu31 round of testing was accomplished (visit B_. A few days later a

5-in. rain occurred, and an abbreviated set of tests was conducted for

check purposes (visit C). Three cone penetrometer measurements were taken

at the A position of all rows3, and moisture and remolding index samples
at the A position of rows 1, 3, and 5. A final visit (visit D) was made

in May to collect dat for drier conditions. Sampling was the same as on

the third visit, except that moisture samples were taken at position A of
S~all rows.

16. Sampling and measurements followed standard test procedures.I

Moisture contents were determined by oven-drying the soil to a constant,

weight. For the surface to 6-in. average cone index, the surface, 3-,

and 6-in. readings were averaged; for the 6- to 12-in. average cone index,

the 6-, 9-, and 12-in. readings were averaged.

12
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PART III: ANALYSIS

17. A small area, considered uniform from a trafficability standpoint,

varies because of point-to-point differences in soil materials and moisture

content; however, for practical purposes, the area is considered to be of

one kind or under one condition of the soil. In a larger area, variation

is generally greater because of a gradual change in soil material or con-

dition across the area, or inclusion of different kinds of materials or

conditions. For trafficability purposes, it is desired to delineate be-

tween areas of relatively uniform soil material or condition. In this

study, data of soil properties meaningful to trafficability were grouped

by soil series and layer, and by topography, site, plot, and row, and

analyzed to determine the variability for areas differing in size. Basic

data obtained in this study are given in detail in Appendix A.

Variation by Soil Series

18. One means of distinguishing soil kinds is by soil series, in

which soils are grouped pedologically, according to similarities in proper-

ties, layer, and parent material. This description is widely used in
agriculture and is the basis for delineating soils on most soil maps, so

the logical start in the study of variability was to test the usefulness
of series as a means of differentiating trafficability conditions. Data

from soil series identified from maps (at sites) and from soil series

identified in the field (at plots) were analyzed to determine the differ-

ences of soil properties for each grouping.
Soil series identified from maps

19. The soil series identified from maps included Memphis and Loring

in the uplands, and Collins and Falaya in the bottomlands. An analysis of

variation of soil properties between series was compared with variation

between sites within series. 1 0

20. Soil properties, including grain sizes, plasticity, specific

gravity, density, and moisture content at 0.06-atm soil moisture tension,
were analyzed by 6-in. layers. Results, given in table 3 undsr "Series

13
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Identified from Soil Maps," include mean values for each soil series,

derived from average site values, and the stand•rd deviation of the site

values. The probable significance of differences between series values for

each property was determined from the statistical F-value; i.e. the ratio

of the variance between series to that between sites within series.II For

example, the average values of sand content for Memphis, Loring, Collins,

and Falaya soils are 12, 10, 15, and 12 percent, respectively, whereas

the standard deviation of a site value within any series is +1.7 percent

(table 3). The F-ratio of variances is not significant (NS), having a

value of 1.44, whereas a minimum F of 2.74 is needed to show a significant

difference among series; i.e., the spread of values in sand content between

"series is small compared to the variability between sites within series.
21. The values for sand, silt, fines, and plastic limit did not

differ meaningfully among soil series (see table 3). However, differences

in values of clay content for the 0- to 6-in. and 6- to 12-in. layers, and
liquid limit and plasticity index for the 6- to 12-in. layer, are indicated

between uplands and bottomlands soils rather than by series; the uplands

have higher values than these of the bottomlands. Differences also exist

in dry density and soil moisture content (0.06-atm tension) values, pri-

marily between the Falaya bottomland and Loring upland soils. However,

the Collins bottomland and Memphis upland soils do not differ in these

properties. Cone index and moisture content data are not shown here be-

cause they had not been collected at this stage of the analysis.

Soil series identified
from field observation

22. Aualysis by static properties. A second analysis was made

using data for series identified in the field. Results, shown in table 3,

under "Series Identified from Field Observations," are essentially the

sam for the Memphis-Loring upland soil series and Collins-Falaya bottom-

land soil series as in the analysis of the soil serips identif Led from maps.

Statistical analyse.s for silt, fines, and plastic limit were not made be-

cause the analysis o•f mapped soil series had shown that these properties

were extremely uniform; the similarity of series mean values may be noted

in table 3. Also, as in the analysis of series identified from maps,
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differences occur in clay contents, liquid limits, and plasticity indexes,

particularly in the 6- to 12-in. layer. Clay contents in the 6- to 12-in.

layer of the Memphis and Loring upland soils averaged 23 percent; those of

the Collins and Falaya bottomland soils averaged 12 percent. The liquid

limits of the upland soils averaged 43 percent; those of the bottomland

soils averaged 32 percent. The plasticity indexes of the upland soils

averaged 19 percent; those of the bottomland soils averaged 7 percent.

Thus, distinct differences were again indicated between Me-mohis-Loring

upland and Collins-Falaya bottomland series groupings for soil properzies

that are generally used in soil classification. The soil property valuesI of alluvial fill and the Henry scries in the uplands were different from

those of the Memphis and Loring series from which the soils were separated,

and were similar to the values for bottomland Collins and Falaya series.

The Hymon soil, not of pture loess origin, had a higher sand content than

the others.

23. Analysis by dynamic properties. Surprisingly, cone index showed

no statistically significant differences between serios for either soil

layer on any sampling visit. Hence, even though the soil series were

correctly identified, the series designation was not useful for differen-

tiating these loess soils by cone index. Some trends were evident, however.

"Cue btucngths of the upland Memphis and Loring series were higher than those

of the bottomland Collins and Falaya series at the less moist conditions

(on visits A and D)), but were almost the same at the more moist conditions

(on visits B and C). Also, soils of the alluvial fill and Henry series,

that had been separated from the upland Memphis and Loring series, bad
consistently low strength, usually lower than the bottomland soil series

on all visits.

24. Moisture contents differed significantly between series, pri-

marily in the surface to 6-in. layer. Bottomland Collins and Falaya soils

had higher moisture contents than the upland Memphis and Loring soils,

but at the more moist conditions of visits B and C, differences were small.

Moisture contents of the alluvial fill and Henry series of the uplands

were as high or higher than those of the bottomland soils on all visits.

25. On thu basis of data from the four visits, it can be concluded
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that cone indexes of soil series of intermediate drainage are not different.

However, lower cone indexes are indicated for soil series with poor drain-

age than for soil series of intermediate drainage. The analysis shows that
• ~even though differences in physical properties (including moisture content) I

of the soil may occur between series, there may be no meaningful differences

in cone index. This statement does not preclude the possibility that

strength differences in loess may be differentiated on some basis other

than pedological soil series, or that soil series classification may be

useful for differentiating strengths of soils from diverse parent materials.

Variation by Plots and Rows Within Uplands and Bottomlands

Division into groups

26. An analysis of variance by plots and rows was conducted on
Memphis, Loring, Collins, and Falaya series identified in the field. The

other field-identified series were not included because the data for these
soils were insufficient for proper analysis. The nine plots of Memphis and

Loring and the ten plots of Collins and Falaya were grouped into uplands

and bottomlands, respectively. This grouping simplified calculations and
was deemed proper because previous analysis showed a similarity of prop-

erties between series within each of these groups (see paragraphs 21 and 22).

Results of the analysis are given in table 4.
Variation by plots

27. Analysis by static properties. The data sbow differences in

mean clay contents, liquid limits, and plasticity indexes between uplands
and bottomlands of the 6- to 12-in. soil layer similar to those found in
the analysis by series, However, significant differences in those prop-

erties also occur between plots within each group, with the exception of

liquid limit in bottomlands. For the surface to 6-in. layer, as in the

analysis by series, no differences occur between groups for liquid limit

and plasticity index; however, differences again occur between plots within

each group. Differences in sand content, dry density, and moisture content
at 0. 06-atm soil moisture tension were recorded between plots within each2

t group, but only smaUl differences were found for specific gravity. Silts,
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fines, and plastic limit were not tested because the small range in plot

values precluded any significant difference between plots. In some instan-

ces, differences between 'plots were greater than those between upland and

bottomland groups.

28. Analysis by dynamic properties. Highly significant differences

in cone index and moisture content were found between plots in both groups

for each of the visits.* The differences in cone index between plots

contrast sharply with the findings in the analysis by series (see para-

graph 23). Also important is the similarity in the means and ranges of

cone indexes and moisture contents between plots of uplands and plots of

bottomlands for each of the visits. The range in cone index of bottomland

plots overlapped that of the upland plots except for the less moist soil

conditions of visits A and D, when some of the upland plots had higher

strengths. The overlap of values in ranges of moisture contents between

uplands and bottomlands was not as inclusive as that for cone indexes,

but was still considerable when compared to the discrete ranges for clay,

liquid limit., and plasticity index in the 6- to 12-in. layer.

Variation by rows

29. Data from rows within plots were analyzed with the variance

attributable to plots excluded (table 4), For most properties, appreciable

differences occurred between rows of the uplands and between rows of the

bottomlands. The ranges of cone index values of the two groups were

similar on all visits, and the mean strengths were about the same on visits

B and C, but were somewhat higher in the %plands on visits A and D. The

pattern of differences between rows was the same as between plots except

that values for the rows exhibited more overlap than those for the plots

in the 6- to 12-in. layer for clay content and liquid limit. Row data had

a wider range than plot data and the distinction between uplands and bottom-

lands was not as good. The data indicate that trafficability cannot be

discretely quantified by soil series designation or upland-bottomland

groupings because of the large cone index variability of plots and rows

within the larger units.

*Moisture contents for visits C and D were not included in this analysis

because sampling was not ccmplete on all rows.
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Variations of Plots and Rows

Compison of plot cone indexes

30. The array of cone index values for all plots regardless of

series and upland-bottomland groupinga was next examined. Cone index

values for the four visits were averaged, and the array arranged in order

of increasing values. Visit values were graphed in the same sequence

(plate 2). Some irregularities in visit values are apparent, but in

general, the progression for each visit follows that of the average,

showing the consistency of plot differences irrespective of time of

sampling. The general intermingling in the array of plots irrespective

of series and upland-bottomland groupings reveals why no differentiation

by series or groups was found. Three Loring pl in the upland (LI, L2,

and L4) had high strengths, but the next plots (F2 and C207) of slightly

lower strengths were bottomlands. Of the seven weakest plots, five,

including one Loring, were uplands. However, of these, two plots of
alluvial fill and one plot of the poorly drained Henry series ware inclu-

sions that had been separated from the mapped Memphis series. A true
Memphis soil also occurred in this group.

31. Two of the four sites, each of which was divided into two plots

after field identification of the soil, showed such similar cone indexes

throughout the site for the four-visit average that the plots within each

were reccmbined for this part of the analysis, namely plots C3 with F6, and

C2 with F7. Plots of the other two sites had distinct cone index differ-

ences; the second weakest plot, AF2, was separated from the seventh strong-

est plot, K4,, and the third weakest plot, HN1, was separated from the

strongest plot, M3.

Relations between cone index
and other soil properties by plots

32. Analyses were made to determine the relation between plot cone

indexes and other soil properties of the plot, including dry density.,
moisture content, plasticity index, and clay content, in the 6- to 12-in.

layer. The relations are shown in plate 3. Moisture contents and cone

indexes were averaged for all visits to a plot, and each average was
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used to characterize the plots. Dry density showed the best probable

correlation, exhibiting high strength at high density, but the range in

values was small (0.11 g per cc). Moisture content showed poorer correla-

tion (significant at 5 percent level), but with a large range of values

(from 23 to 31 percent) ard was inversely related to cone index. Corre-

lations were poor with plasticity index (significant at 20 percent level),

and clay content (not significant at 20 percent level) and with other soil

properties including liquid limit and silt content (not shown).

33. Although it is well established that grain sizes and plasticity

constants are related to soil strength, the poor correlations of these

properties indicate that they cannot be used to explain strength differences

between plots in this study; their effects were secondary to those of such

properties as moisture con'ent and dry density. The irregularities in the

trends of the arrays of plot values occurred whether correlation was good

or poor, although they were more pronounced in the poor correlations. Why

upland plots N1 and L3 have the normally low strength of bottomland Soils

but other soil properties characteristic of the upland soils, and why

bottomland plots C2 and F7 and F2 have the normally high strengths of the

uplands are not explained completely by moisture content or dry density

data. The implication is that other factors not defined in this study

contribute significantly to the variation.

Commarison of row cone indexes

34. The analysis of variance of soil properties showed highly sig-

nificant differences between rows. However, the analysis did not indicate

which rows were different or the persistence of difference with time, so

variation by rows was examined in more detail. For the first cocqprieon,

rows of a plot were ranked from 1 (weakest) to 5 according to increasing

average strength for all visits. Then rows of a given rank from all the

plots were averaged for each visit (plate 4). A consistent difference in

cone index is found between the high- and low-strength rows for all visits;

differences are indeterminate for intermediate rows.

35. The cone index of the lowest strength row was not always statis-

tically different from that of the highest strength row in a plot or from

the plot average of the remainin rows, so a pooled variance based on all
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Ui visits (derived from pooled standard deviation in table 4) was used to

select extreme rows (i. e. those with statistically different high and/or

low average cone indexes) in each plot. Only three rows, AFn row 3, C3

and F6 row 3, and HY1 row 2, had higher values than the plot average of

the remaiing rows, whereas 13 rows had lower values. Two rows with low

strengths were found in each of three plots, P2 rows 2 and 3, L2 rows 2 and

5, and LI rows 2 and 3. Soft areas occurrel in a plot far oftener than did

firm areas and were found throughout the array, although the strongest

plots had the double soft rows. Soft rows were found at any row position.

The average difference between the low-strength row and the plot average

of the remaining rows was 93 CI; the median difference was 63 CI. Either

difference is appreciable in terms of trafficability.

36. The cone index values of 10 plots with low-strength rows were

plotted by visits ia plate 5. The data show a consistent difference in

cone index between the average for the plot, excluding the extreme rows

(described in paragraph 35) and the low-strength row. Individual measure-

ments of the low-strength row generally cluster about the row mean, showing

that all points in the row were uniformly low in strength and the low value

of the mean was not caused by a few erratic values. Some individual meas-

urements in the lou-strength rows were higher than plot averages on visit A,

but not on visits B, C, and D.

Relations between cone indexes
and other soil properties, by rows

37. Analyses were made to determine whether the cone indexes of low-

strength rows would correlate with other soil properties of the row. The

procedure followed that relating plot cone index to other soil properties,

discussed in paragraph 32, except that the cone index of the low-strength

row was coupared with the average cone index of the plot excluding the

extreme rows. The B, C, and D visit values of cone index and moisture

content were averaged and used as area indexes of strength and moisture,

respectively. The relations of cone indexes of low-strength rows and of

cone indexes of plot averages with other soil properties including dry

density, moisture content, clay content, and plasticity index were similar

to those found in the previous analysis of plots (see plate 6). A good
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positive correlation occurred between cone index and dry density; a good

inverse correlation occurred between cone index and moisture content; and

no relation existed between cone index and clay content or plasticity index.

38. When average plot values (extreme rows excluded) were compared

with the low-strength row values, the row value of dry density was always

lower than that of its plot and the row value of moisture content was

higher than that of its plot with one exception (plot Fl). No pattern

appeared between plots and rows for clay content and plasticity index.

The differences among row strengths, like the differences among plot

strengths, cannot be ascribed to differences in the grain size or plasticity

of the soil, but must result from differences in density, moisture content,

and other factors, sucb as those governing reception and retention of

water, state of packing, structure, etc. The low-strength row is a small

areal unit distinct from the average of the rows in the plot.

Relation of cone in-
dex and moisture content

39. In the analysis for correlations between cone index and moisture

content of plots and rows previously discussed, values for the visits were

averaged to provide one value for each area irrespective of time. In this

analysi3, soil strength-moisture relation is based on data averaged for the

plot for each individual visit. The graphs of cone index versus moisture

content for the 0- to 6-in. and 6- to 12-in. layers show inverse relations

(plate 7). The spread of' values at a given moisture content (about 200 CI

for the surface to 6-in. layer and about 150 CI for the 6- to 12-in.

layer) is too great for meaningful grouping of these loess soils to-

gether as one trafficability unit. Grouping by soil series for the

6- to 12-in. layer (plate 8) shows more closely defined relations,

especially for the Memphis and Loring series. However, the spread of

plot values even for a given visit (ranging about 100 CI) indicates that
additional criteria are needed to accurately differentiate areas of dis-

similar cone indexes within areas of the same series on the same day. The

number of visits to a plot were too few to truly determine soil moisture-

strength relations.
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Remodingindex variation
1 .40. Only 200 remolding tests were made, compared to nearly 1000 cone

index tests, because the soil was generally too firm to permit insertion

of the remolding sampler. The data were not only sparse, but they were

biased also because only the weak spots were tested. One hundred sixty-

one of the tests were made on visit B, and 71 of these were on Falaya

plots; only 25 tests were made on visit C and only 14 tests were made on
visit D. A rigorous analysis could not be made because of the data limita-

tion and bias; nevertheless, some measure of variability was obtained.
41. Data at all four sumpling positions in a row, used for analysis

of variance between rows, were collected from only 31 rows on visit B;

15 of the rows were Falaya. A difference in remolding index between
rows was found. The standard deviation was 40.12 RI for a sample
within a row, a measure of variability in a uniform area of these
loess soils. When remolding index data were analyzed as indi-

viduals, irrespective of rows, the standard deviation, was 40.16 RI
and the mean was 0.47 RI.

42. Data from the other 76 tests, from rows with less than four

remolding index tests, were grouped by visit, series, and then by all

tests together, and analyzed. The results and those of an analysis of

data from all 200 tests are as follows:

No. of Mean Remold- Stand&xd
Smles ing Index Deviation

Visit
B 37 C.53 o. 16
C 25 0.55 0.21
D 14 0.69 0.34

Series
AUI'_4!2 All

and Henry 23 0.48 0.29
Memphis and

Lorling 20 0.63 0.17Collins., Falaya.,

and Hymon 33 0.59 0.18
All samples,

<4 sampling
positions/row 76 0.57 0.23

All samples 200 0.51 0.20
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The mean remolding index is highest for the drier soils of visit D, and

the variability of the soil for this visit is proportionally higher.

Although the alluvial fill-Henry group had the lowest mean remolding index,

it had the largest range of values; seven samples were less than 0.25 RI

and five samples were more than 0.60 RI, including one with 1.68 RI, the
highest in the study. The upland (Memphis and Loring) group had about the

same mean remolding index and standard deviation as the bottomlanc (Collins

and Falaya). The variation of all samples was almost twice that within

rows.

43. The plot averages of remolding index were graphed versus those

of moisture content for all visits (plate 9) and show an approximate inverse

relation. Similar graphs of remolding index versus dry density, clay con-
tent, liquid limit, and plasticity index were made, but no trends were indi-

cated. Plot and row differences could not be determined from these data.

Influence of Rainfall, Terrain, and Other Factors

44. Results showed that cone index values of small areas, such as

rows or plots, could not be applied with reasonable accuracy to large areas,

designated by soil series or upland-bottomland groups, due to the large and

overlapping ranges in values for the small areas. Furthermore, the soil

classification parameters could not be used to differentiate the high-

strength from low-strength areas; clay content and plasticity index did

not correlate with strength differences among plots or rows, even though

these properties differed as muoch as 15 percent among plots or rows. The

influence of these properties on strength apparently was masked by more

dominant influences of other factors. Significant moisture content dif-

ferences were found for certain plots and rows irrespective of soil series.

Since moisture content correlated with strength, moisture differences within

a plot are undoubtedly one cause of the strength variations in plots and

rows. Questions arise as to why the moisture differences existed, how the

moist spots can be ascertained and accounted for in trafficability estima-

tions across an area, and whether factors other than moisture contribute

materially to the strength differences.
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Moisture conditions at samplLn&

45. Wetting or drying dur.ng sampling can produce differences in

soil moisture and strength that would mask the inherent variability be-

tween areas. To minimize these effects between sites for a particular

visit, sampling was accomplished in one da3 with no rainfall, and in

winter or spring when the rate of drying is smali. The moisture condition
can be considered the same throughout the testing area (although moisture

contents were not) as sampling progressed during a visit day.
Anteceeent rainfall

46. The effect of antecedent rainfall on plot strength differences

iB believed to be small, since sampling was done in late winter and spring

when rains are general and soils are near the field-maxirmm moisture con-

tent. There is no positive assurance that antecedent rainfall was uniform,

since rain gages were not maintained at the test sites; however, at weather

stations 10 to 30 miles away bracketing the test area, rainfall measure-

ments were relatively ,uniform for 19 days preceding each visit. The

amounts, tabulated below, indicate that the entire area, including the

test sites, received fairly uniform precipitation.

Location of Rainfall, in.
Rain Gage Station Visit Visit Visit Visit
Station from Sites A B C D

Germenia North 5.22 2.20 6.72 2.78
Vicksburg West 5.27 2.84• 5.46 3.93
Oakley East 3.42 2.47 6.61 3.74
Utica Southeast 4.69 1,87 5.97 2.95
Port Gibson South 4.21 1.97 4.38 3.97

47. Plot data substantiate the uniformity of precipitation. Sites
were generally located in two clusters, 18 miles apart (fig. 1) with a

few sites outlying from them. Strength and moisture differences between

plots less than a mile apart within a cluster were as great as between

clusters, and large differences occurred between plots at the same test

site, 50 to 100 ft apart. Thus, strength differences did not exhibit an

areal difference that can be attributed to rainfall pattern.

Water table
I48. Part of the moisture differences may arise from differences in
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depth to shallow water tables, which were not considered. However, the

differer.ces between plots were as great in the uplands as in the bottom-

lands; the upland soils, except for the Henry plot, were moderately to

well drained, supposedly with no influencing water table within the surface

4 ft of soil.

Density and structure

49. The moisture differences did not explain all the strength dif-

ferences between rows and plots; the low-strength rows had lower strengths

than the balance of the plots at comparable moisture contents. Soil den-

sity was associated with strength, shown by the positive correlations for

plots and rows. Density differences are due in part to structure of the

soil (i.e. the arrangement, size, and durability of the clumps or aggre-

gates of the soil) but structure may influence strength directly. Struc-

tural differences in the surface layers could have originate& by several

means. The structure of recently transported material is quite different

from that of soil developed in place. The transported material occurs in

the bottomlands, but can occur in fill areas of the uplands. These fills

may have the same texture, plasticity, and even moisture content as the

mature soil, yet strength may differ due to structural differences per se.

Soil layers or horizons, such as the surface A horizon and subsoil B horizon,

differing in structure, density, and other properties may occur at the same

depth due to differential erosion or to development of different thicknesses

in a horizon between rows or plots. Structural differences may also result

from differing cultural practices. A pasture developed from a woodland can

differ from a pasture developed from an old field. Soil structure was not

determined in this study because quantitative procedures for determination

were not available.

Organic matter

50. Organic matter content, which is not generally considered in

WES studies relating properties of soil to strength, can influence soil

strength directly or indirectly through its effect on moisture content,

plasticity, and structure. The organic content can change with cultural

practices and over short distances. Threshold values and quantitative rela-

tions of the effect of organic matter on soil strength are unknown.
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Terrain
" /-51. The terrain configuration can influence the reception and reten-

tion of water with runoff from high spots to low spots. Thus, moisture con-

tent differences could occur even though the rainfall pattern was essentially

the samer over the aree. An analysis of the terrain configuration may indi-

cate areas of differential erosion and deposition that relate to differences

in soil structure and organic content.

52. Topographic position. A qualitative topographic position classi-

fication used in trafficability studies recognizes uplands, terrace, and

bottomlands with subdivisions of flat, depression, upper slope, and lower

slope. The divisions are not well defined and classification, in many

cases, depends on the Judcnent of the field observer. In the study re-

ported herein, some sites were 540 ft long and included more than one topo-

graphic position. Classification at all sites was done by row, and rows of

different topographic positions were examined for differences. The flat

areas of the uplands tended to have the lowest strengths; no other trend

could be discerned. Most Collins and Falaya rows were bottomland flats,

so no differential grouping could be made. This study indicates that a

more rigorous definition of classes is needed to enhance the utility of

this classification for trafficability purposes.

53. Terrain geometry. The Geology Branch of WES classified micro-

geometry of each site for trafficability use, using 50 ft of the length and6
the if,.Ul width of the site. Macrogeometry was also classified within a
half-mile radius of each site. The relations between cone index and micro-
geometry and macrogeometry factors are considered here.

54. Microgeometry factors included overall slope, number of slope

reversals, modal relief differences, and surface length increase. Cone

index of the row nearest the geometry profile was used as a strength meas-

urem=nt. Some trends were shown, as for modal relief differences (plate 10),

but scatter generally was wide.

55. Macrogeometry classification was based on terrain conditions

within a half-mile radius of the sites (plate 1), so both row and plot

strengths were considered. The factors classified included plan profile,

characteristic slope, and characteristic relief. An additional factor,
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occurrence of slopes steeper than 50 percent, was not used since most sites

were in the same slope occurrence class. The macrogeometry factors showed

trends with cone index as good or better than the trends for microgeometry

factors (plate 10). The broad, flat areas with low relief had lower

st.rengths than the more dissected areas in both uplands and bottomlands,

but the point scatter was wide for each of the factors. The relation be-

tween row and plot cone index values was better than that between cone

index of plot and any of the microgeometry or macrogeometry factors. Re-

sults indicate that these factors can aid in estimating trafficability con-

ditions, but they must be improved, perhaps by using the mesoscale, before

they can be of any value in accurately predicting trafficability. The ter-

rain surrounding the area of concern also must be defined with reference to

its influence on trafficability, though not necessarily by a fixed dimen-

sion, and not necessarily equal.y in all directions.

56. Terrain and plot values. Field notes, topographical maps, and

aerial photographs were examined to obtain data on terrain features on and

surrounding the plots. The data were compared with cone index of the plots

to determine the influence of the feat: u. %-.rafficability. Features

studied were distance to hillcrest above row 1; relief difference above

row 1; convex or concave curvature of plot surface compared to surround-

ings; degree of erosion; area of watershed above site; valley floor width;

and creek bed depth. Data were listed in order of increasing cone index

(table 5). Examination of the d ta shows that in the uplands curvature

of the area and strength are related, with strength lower in concave areas

than in convex ones. In the bottomlands, sites in the lower parts of

large watersheds had lower strength than sites in the upper reaches, with

little drainage area above them. Other features such as degree of erosion,

valley width, and creek depth exhibited some trends. Thus, some terrain

features can be used to distinguish kinds of trafficability conditions.

When they are recognized and taken into account, better deployment of

vehicles and prediction of their movements will be possible.

57. Terrain and low-strength row values. Possible influence of

features of terrain on extreme low-strength rows was considered next.

Differences i. strengths between rows could not be resolved from examination
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of maps and photographs, so field notes were used to provide information.

Data were sparse, so nnly general observations are offered to explain the

low-strength rows. Row M1-5 occurred at the lower end of a concave slope.

The soil of row AFI-2 consisted of deep local alluvium which was upelope

from shallower local alluvium, resulting in conditions conducive to the

development of a perched water table that may have influenced the strength

of the soil. Pow C3&?6-4 wus possibly a filled old drainageway. Row

Fl-l was near the toe of a slope and had overlying alluvial fill, but the

alluvial fill was not deep enough to classify the row as such. Row Ll-3

was a concave row in an otherwise convex plot. Row L5-5 may have been up-
slope from an old erosion-control terrace. Information was insufficient

to suggeet a cause for the low-strength rows of the other four plots. Al-

though terrain features noted herein generally are too small to map, they

should be observed and considered in any trafficability anelysis because

they can immobilize a vehicle. The development and use of a suitable ter-

rain geometry classification may have the most imnediate promise for dif-

ferentiating trafficability conditions within area3 considered uniform in

soil type but variable Ln soil strength.

Samplin Requirements

58. The number of samples required to test areas of soil considered

uniform should be sufficient to provide values within limits of a desired

accuracy. For trafficabiligyr purposes, areal units for testing and appli-

cation should be relatively uniform in strength. Data on soil properties

used in estimating soil strength should be obtained irom samples from the

same areas. This study showed that neither series, upland and bottomlaud

groupings of series, nor plots defined an area uniform in cone index. Be-

cause of the large variation in strength within these areal divisions, their

use would result in large error in the delineation of trafficability condi-
tions. Sampling reqoirements for these areas also would be large. The
row was used for estimating sampling requirements. The 30-ft-long row,

corresponding in length to test sites of previous moisture-strength studies,

is a minimal siZe for sampling, approximating the length of most mili-

tary vehicles.
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Sampling by rows versurs clusters
59. Row uniformity was checked using cone index measurements of the

four visits. On visits A and B samples were taken at 10-ft intervals along

the 30-ft row; on visits C and D three samples were taken in a cluster

(within 1 ft of each other) at position A. The need to sample all plots

within one day and the limited number of personnel available for testing

prevented taking both cluster and row samples on the same visit, although

this would have been desirable. Data from the upland soils (Memphis and

Loring) and bottomland soils (Collins and Falaya) were used. Data were

divided further into wet soil condition for visits B end C and moist soil

condition for visits A and D.

60. To check consistency of variation between visits divorced from

row or cluster effect, single samples from position A of all rows were

analyzed (table 6). A difference in variation, expressed by standard

deviations and coefficients of variation, occurred between wet and moist

sampling conditions; however, with either condition variation was consistent

between visits or between uApland and bottomland positions. Next, the first

three samples in a row were compared with the three in a cluster. The

standard deviations of individuals in the triplicate sampling were very

close to those of single samples, showing that the pattern of variation was

the same. The between rows or cluster effect was next removed, so that

variation within rows could be compared to that within clusters. The stand-

ard deviations and the standard error of means show that there was some in-

crease in variability in going from the smaller area of clusters to the

larger area of rows. The standard error of the bottomland soils increased

from 12 to 18 CI on the wet soil condition visios, and from 27 to 39 CI on

the moist soil condition visits. It should be noted th~t a twofold to

threefold greater variability occurred between moist and wet conditions

than between cluster and row samling. Thus, the variability of the row

can be used as a reasonable measure of the basic variability of these

soils, although the basic variation of cone index is larger than desired

(,'or triplicate sampling the standard error was about 16 units when wet

and 38 units when m-ist).
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Estimating number of samples

61. With knowledge of basic variation (i.e. the standard deviation

or error mean square), a value for allowable error or desired accuracy,

and the probability level for attaining that accuracy, the number of samples

required to give Fn acceptable average value of a property can be calcu-

lated.* The error terms were derived from pooled deviations (table 4)

since the upland and bottomland groups did not differ in trafficability

characteristics. The plot and row means of the soil properties varied as

much in the uplands as in the bottomlands, and their ranges overlapped,

so separate sampling plans were not prescribed.

62. The estimate for number of samples can vary considerably, de-

pending upon the desired accuracy (i.e. allowable error) of the factor and

the probability level for attaining that accuracy. A larger number of

samples would be prescribed for a highly accurate average (i.e. within a

narrow range) and for a high chance of success for the average to fall

within the narrow range than for an average with a lower accuracy (i.e.

within a broader range) and lesser probability. Also, for a given ac-

curacy and probability, a highly variable material (i.e. one with a high

standard deviation) would require more samples than a more uniform material.

The estimate for number of same Leat must consider both the desired result

and the nature of the materip-1; a close tolerance for highly varied material
'would lead to a prohibitive sampling requirement.

63. Cone index and moisture content meazuremerts in natural soils

vary more than those for grain size, plasticity, and other static prop-

erties. A lesser probability level of 20 percent was used for these dy-

namic properties compared to 5 percent for the static properties. This

indicates that there is a 20 percent chance that the measured mean for

cone index or moisture content will differ from the true mean by more than

the desired accuracy, but only a 5 percent chance that the static prop-

erties will. The use of a lower order of probability for natural conai-

tions that are inherently variable is accepted in various fields, e.g.

weather and rainfa~ll forecasting.

Number of samples (n) =[robability ("t")]2 x [standard deviation (s) 2

(allowable error of factor (L) 2
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64. The desired accuracy for an average value of a factor for a row
was selected considering what is meaningful and attainable. Cone index

accuracy, the primary consideration for trafficability, was set at +10

units. The magnitude of variation within the row (table 4) was too great

to justify selection of a smaller value. In fact, variation of cone index

on the moist soil condition visits was relatively high so that the accuracy
range had to be increased to +20 units to keep the required number of Sam-

ples reasonable. Cone index was above 200 on the moist soil condition

visits, so the lower accuracy would not be critical. A 1 percent accuracy
was selected for moisture content because previous stadies have shown that

for many soils a change of 1 percent results in a change of 20 CI. Three

percent was considered a reasonable degree of accuracy for most static
properties and 0.04 g per cc for, dry density, since this is equivalent to

a pore capacity change sufficient to retain 1 percent moisture for the
average soil.

awlin requirements for rows
65. The estimates of the number of samples for cone index varied by

visit and soil layer (table 7). About 10 samples were needed for the wet

soil conditions of visits B and Cs but more were required for the moist
conditions of visit A, even though the range of allowed accuracy was
greater. The number of samples for remolding index was three for an ac-

curacy of 40.10, and 10 for an accuracy of 40.05. The latter accuracy is

not unrealistic; a difference of 0.10 RI is 10 RCI at 100 C1. The data

collected for this study provided little opportunity to evaluate the umber
of moisture content samples: since rows did not have replicated samplings on

visits C and D. However, for visit B, the required number of samples for

both layers (5) was less than half that required for cone index (1 for the
o- to 6-in. layer and 18 for the 6- to 12-in. layer). About five were

required for most static soil properties. In current studies, three samples

are taken-at the top, middle, and bottom sections of the plot-and corn-

posited as one sample for analysis. Estimtes of sample number for dry

density and moisture tension, determined on core samples of natural soils,

ranged from two to six. At present, three samples are taken for each layer.

This study shows that the naber of samples required to properly
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characterize loess soils are greater than are currently being taken in

trafficability prediction studies. A need to increase the sampling in-

tensity by 30 to 60 percent to attain a minimum desired accuracy is

indicated.

Applicability of These Results to Other Soils

66. The soils investigated in this study were derived from loess,

which is one of the more uniform soil parent materials. Mean values by

grain size, plasticity, and density (table 3, field observations), were

practically identical between series and between layers except for the

6- to 12-in. layer of the Memphis and Loring upland soils. The higher

clay contents, liquid limits, and plasticity indexes of these coils re-

flected the genesis and illuviation of clay from the upper A to the B

horizon. In contrast, strength measurements varied, which can be partly
attributed to local differences in moisture content. These local differ-

ences are not unique to loess, but will occur in any soil, regardless of

parent material. In comparisons of diverse soils, such as silt with clay,

* expected correlatIons of strength with grain size and plasticity may be
* poorer than anticipated, as evidenced in this study, because of the in-

fluence of other unknown factors. In other strength studies covering a

variety of soils from locations throughout the United States, relations

with the known physical properties were relatively poor. Obviously,

other factors need to be defined to account for strength differences.
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PART IV: CONCLUSIONS AND RIEOKMENDATIONS

Conclusions

67. The following conclusions can be made from this study:

a. Neither map- nor field-identified soil series of moderate-
to well-drained loess soil in Warren County, Mississippi,
can be used to delineate with sufficient accuracy areas of
uniform trafficability. Also, no distinction in traffic-
ability can be made for these series grouped into uplands
and bottomlands even though differences do occur in clay
contentu and plasticity constants in the 6- to 12-in. layer
(table 3 and pars. 21-25).

b. Inclusions of soils, different from those.mapped and with
lower strengths, were found within the mapped boundaries.
These soils, recent alluvial fills arl a poorly drained
Henry series, covered areas of sufficient size to pose
problems in trafficability and should be accounted for,
even though some of these areas are too small to depict
on maps (table 3 and pars. 12, 23-25).

c. The variation of ioil strength and moisture content within
small areas (plots and rows) was large and masked real dif-
ferences that may exist between soil series or upland and
bottomland series groupings. Because of the large variation,
values derived from small areas cannot be applied to large
areas with any degree of confidence (table 4 and pars. 28
and 29).

d. The cone index differences among plots and rows were signifi-
cant and consistent for the four visits (plates 2 and 41, and
pars. 30 and 34). These differences can be ascribed to dif-
ferences in local conditions of terrain and soil, rather than
to differences in rainfall patterns or other meteorological
events (pars. 45-47).

e.& Sall areas of low strength were found as inclusions within
larger areas of higher strength (plate 5 and par. 36). These
low-strength areas are difficult to identify and explain
because the soils are not pedologically distinct and do not
substantially differ in grain size or plasticity from soils
of the larger enclosed area (plates 3 and 6, and pars. 32,
33, 37, 38, and 44). A suitable terrain geometry classifi-
cation may have the most immediate promise for identifying
these small areas. Differences in the geometry of terrain
are observable and suggest probable differences in the recep-
tion and retention of water which this study saows, by in-
ference, to be factors that can account for soil strength
differences. The terrain geomztry also mwy indicate other
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A'i differences associated with surface water movement such
:• as differential soil erosion and deposition that would

result in possible differences in dry density, structure,
and organic content of the soil (pars. 51-55).

f. Estimates of the number of samples required to provide
reliable mean values for trafficability purposes, based
on measurements within rows of relatively uniform soil,
indicate that five samples should be taken for determina-
tion of the static physical properties, five samples for
determination of moisture content, ten measurements for
cone index, and ten measurements for remolding index. Ton
remolding index tests will provide an accuracy of 40.05
unit, whereas three samples will give an accuracy less
than desired, i.e. 410.10 unit (table 7 and par. 65).

Recommendations

68. The following recommendations are offered for guidance in future

studies:

a.. A terrain geometry classification system suitable for traf-
ficability purposes should be developed.

b. Studies should be conducted to identify and evaluate the
effects on trafficability of soil factors that ha;ve not
been considered in WES trafficability studies, such as
organic content, soil structure, and natural cementing
agents.

c. The number of samples should be increased to five for
static properties and to ten for strength measurements.
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Table 5
Cone Index, .Moisture Content, and Terraiij Information for Plots

Distance Upsiope

Avg Row from Row 1
Avg CI 1C, % Spac- Plot Distance Relief
4 Visits 3 Visits ing Slope to Crest Diff Surface

Plot 6-1:• in. 6-12 in. ft ft ft Curvature Erosion

Uplands

AF2 164 30.1 52 2, 1* 100 5 Concave Fill

hNl 170 29.5 70 0 On fiat 0 Slight concave None
•Rows M&2 severeMl 176 26.9 55 6, 3* 200 10 Concave fRows 4&5 none

L3 191 27.5 90 6, 2* 100 5 Concave Severe

API 201 27.0 48 4, 2* 50 5 Concave pill

HY1 218 28.0 70 0, 2* On crest 0 Flat to convex None

M2 2:1 26.2 75 0 On flat 0 Straight None

L5 262 24.4 75 4, 6* 75 5 Convex (Row 1 some
(Rows 2-5 none

m4 283 25.1 52 2 On crest 0 Convex Some

L2 332 23.8 60 2 60 0 Convex Some to severe

L1 352 24.7 60 3 100 5 Convex Severe

L4 354 23.5 75 6 300 10 Straight Some

M3 3,64 23.1 70 2 150 5 Convex Severe

Distance Upslope
Avg Row from Bow 1 Valley Creek

Avg CI MC, 6 Spac- Plot Distance Relief Watershed Floor Bed
4 Visits 3 Visits ing Slope to Crest Diff Area Width Depth

Plot 6-12 in. 6-12 in. ft _ ft ft acres ft ft

Bottomlands

P3 121 31.2 50 1 1400 60 503 500 8

F4 180 30.3 33 2 400 40 732 425 10

Cl 205 27.0 55 1, 2* 500 40 22,600 450 10

C3&F6 209 26.2 33 1, 2* 400 4o 708 425 10

Fl 252 27.4 20 2 150 30 45 180 2

I5 259 27.3 37 1 300 40 416 330 6

C2&07 296 28.3 23 <' 500 60 108 170 4

P2 3-9 27.0 17 2 300 50 318 375 . 9

* Slope changed within the plot; upper slope--left value, lover slope--right value.
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Table 6

" ',Sapling by Rows Versus Clusters

Tripe S~ g
Single SaMling Indi- Within

Topo- Sam- Coeff of vidual Group
Condi- graphic pling Std Varia- Stdi t-d Std11tion Position Visit Gqrou Dev Mean tion Dev Dev Error

Wet Upland B Row 62 201 0.31 56 35 20
C Cluster 56 198 0.28 57 25 14

Bottonland B Row 78 205 0.38 76 31 18
C Cluster 69 9194 0.35 67 21 32

Moist Upland A Row 173 299 0.58 181 90 52
D Cluster 179 423 0.42 183 54 31

Bottonland A Row 115 246 0.47 99 68 39
D Cluster 1o8 294 0.37 113 47 27

I
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Table 7

Sampling Requirements for Soil Properties by Rows

Prob- Accuracy Est No. of S!MLes
ability Desired o- to 6-in. 6- to 12-in.

Soil Property Level, , + Lryer

Cone index
Visit A 20 20 units 10 26
Visit B 20 10 units Ui 18
Visit C 20 10 units 5 9
Visit D 20 20 units 5 Ui

Remolding index 20 0.10 unit -- 3
20 0.05 unit -- 10

Moisture content
Visit A 20 1% 9 --
Visit B 20 1% 5 5

Sand 5 3% 2 2

Clay 5 3% 6 4

Liquid l1imit 5 3% 4f 5

Plasticity index 5 3% 4 5

Specific gravity 5 0.05 unit 1 1

Dry density 5 0.04 g/cc 3 2

Moisture content
(O.06-atm tension) 5 1% 6 4

• , . • " -|.-
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Key for Identification of Symbols Used in Plate 1

V Vicksburg silt loam

C Collins silt and silt loam

VC Vicksburg and Collins silt loam

F Falaya silt and silt loam

W Waverly silt

WF Waverly and Falaya silt

S swamp

T Lintonia silt

R Richland silt

0 Olivier silt

K Calhoun silt

BY Hymon silt loam

M Memphis silt

L Loring 5ilt

KIM Loring and Memphis silt

MN1 Memphis and Natchez silt

HN Henry silt

= I

___ __________

-. ---
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APPENDIX A: BASIC DATA

This appendix contains basic data for each of the test sites.

Table Al contains soil strength measurements including cone index and mois-

ture content obtained on four visits to each site. Table A2 contains data

on soil properties including United States Department of Agriculture and

Unified Soil Classification System soil classes, grain-size analysis, dry

density, specific gravity, and moisture contents at 0-, 0.015-, 0.03-, and

0.06-atm tensions.
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Table Al

Strenet an P Nlstu onten of Soils at Tc-st Sties*

Identifieal aio Visit A Visit B Visit C VisitD

RI Fl CI RI MC CI "I Isite Plot e:Row tion 0-6 59-T-7 I -V ! = 64.2 0-_ 6 &= & 6 0-Fý 06

Alluvial Fill

H I A•vI I A 42 82 33.9 49 97 0.67 29-1 P8.3

AP. 53 173 162 2p'-

b 12 158 29.2 32 217 29.1. 2-'.8
C 18 V2 33.4 26 63 0.44 30.13 30.6
D( 52 158 23.5 62 20 28.8 27-.

2 A 42 8D 36.3 13 79 C.18 33.6 32.6
Al 31 87 65 138 30.8 30.8
A2 37 83 65 158
A. 18 8& 1o0 132
B,55 100 31.7 . 60 03 0.28 31,.1 32.6

6 68 108 35.9 61. 9, 0.34 33.2 31.3
D 1.8 95 38.1. 35 67 0.21. 36.7 .10.2

3 A 95 350 4.1-2 3 205 0.19 35.1 26.6
Al 123 293 34.2 27.5 158 550 29.4 24.9
A2 86 -7 205 CW
A3 a2 217 188 592
i 50 358 39.9 26 216 36.2 28.1
C 65 238 35.0 122 290 33.7 22.1
D 232 525 39.1 93 190 0o•0 31.5 29.8

A '15 153 35.-L 55 12 O..R 35.-5 30.2
A' 36 9"/ 108 2& 31.2 22.7
A21 30 10" 95 258Al 50 107 100 258
I, 52 212 30.6 67 112 0.33 37.7 28.6
e 50 192 40.7 302 238 35.6 29.5
1) 32 220 33.4 86 196 0.45 36.9 27.6
A 82 218 32.0 86 182 0.19 38.3 31.2
Al 67 195 0.51 35.2 27.9 120 2`8 1.68 31.5 25.0
A2 6 167 115 288
Al 77 193 14,0 3V0

h 45 2,\ 32.5 59 136 O.-47 38.0 29.1

C 6 ?55 31.5 57 107 0,67 36.8 27.91, 38, 160 34 .0 36 73 0.6/, 34.5 31.6

M V An2 2 A A18 155 31.3 P12 203 0.9 31.8 27.1
Al 170 160 168 115 32.9 27.2
A2 173 1455 188 158
A3 160 150 195 2
B 192 208 3,.1 193 192 0.50 3P.5 28.1C 162 182 31.4 149 143 0.52 31.0 27.6!

D 132 120 31.5 125 13. 0.66 33.4 P28.0

3 A 105 162 37.3 320 157 0.20 3ý.l 32.2
Al 133 172 0.23 35.7 32.3 270 210 0.63 30.8 30.3
A2 Q5 158 218 200
A3 122 153 188 16.2D 188 212 ý4-3 129 153 0--. 37.1 31.7
C 170 150 36.1 13D 192 0.28 32.3 32.9L) 162 182 31.8 172 163 0.28 34.1. 32.1

A 1oo 15 30.9 117 148 0.3Y, 30.9 28.2
Al 198 12S 232 238 30.3 27.7
A2 168 128 21.2 218
A3 167 12 182 200
B 130 115 3D.8 158 151 0.38 30.3 29.6
c A 58 A _42.o 177 A2 o.38 32.2 18. 1
D 120 102 31.3 143 137 0.96 0 3h.4 29.1

Mtw~s Soil Serie!s

Mv D 132 ) I2 27.6 122 217 27.2 27.5
Al n5 175 26.0 227.3 1--'C 22 22.8 26.3
A2 87 175 150 138
A3 935 183 130 201

88 130 5 297.6 70 139 28.3 27.1
c 130 2 8. 112 196 26.9 25.8D 132 2:-2 27.7 1o5 20 27.3 27.3

2 A 42 11.8 29.0 93 270 27.4 26.8
Al 9't 12 195 238 23.5 24.4

2 103 172 325 188 -
A3 125 183 138 I.Q2
3 88 lh5 29.6 87 133 28.2 27.2
C Ce 158 29.1 M' 182 26.5 26.2
S145 2o5 26.0 1o9 195 26.8 26.9

Note: "O-6" and "6-12" indicate 0- to 6-in. and 6- to 12-in. soil layers, respectively. CI indicates c(. e 1i tex. NC Indicatee
moisture contentl percent dry weiht. RI Indicates rmoldinT, ir.dex.

Data are listed by plots according to field-identified soil series. (I of 9 sheets)

I-________.......__.



Týsle Al (Continued)

1degtitiatin ¥1ist A Vit B Visit C Visit D
Naol. - " l - 4" "C c ' Ri cl RI mC

Site Plot Row tiou 67-n .02 0-6 60-1 6-12 Z 0 6.12 8i (1.6 6-12 0.6 0

Meuphiz Soil Series (Continued)

x TV MI 3 A 62 132 27.3 92 160 28.5 26.9
Al 10oo 18 27.4 27.3 1Q5 2(2 22.4 25.1
A2 iA6 n1o 208 245
A3 95 202 175 230
B 92 205 25.2 97 187 27.5 26.2
C 72 1V5 29.8 73 220 26.7 26.7
D 92 230 30.1 96 168 25.7 25.2

SA io 150 30.7 94 184 26.1 26.8
Al 100 145 205 255 23.2 26.1
A2 103 165 188 268
A3 78 105 1"75 232
8 48 75 28.8 72 100 27.4 27.0
C 11O 225 30.6 122 202 26.6 27.8
D 55 108 28.3 118 159 25.3 26.7

, "5 A 62 80 28-1 140 144 0.53 28.0 28.8
62 117 157 0.52 28.2 28.7 250 212 25.5 26.6A 2 85 152 I% 182ý

A3 121 132 230 195
2B 5 42 28.3 89 71 0.68 28.6 28.5

, 70 108 U.8 92 10e 0.4' 28.3 29.1
D 1142 158 --. l 10 i00 0o-.6 27.9 28.1

KII W2 1 222 220 31.2 167 173 o.44 31.7 31.2
Al 163 175 0.31 32.0 28.3 3

1
2 275 26.3 24.6A2 117 145 320 34,5

A3 147 iho 380 292
B 210 173 29.5 165 158 0.69 31.8 28.6
C 2% 213 29.0 160 170 0.&2 31.9 27.9
D 200 240 31.4. 115 118 0.47 31.8 27.4

2 A 157 163 32.1 147 138 0.37 31.4 39.1
Al 155 10o 118 245 27.3 25.2
A2 157 100 308 308
A? 127 103 33 288
S 1110 217 32.9 A45 160 0.57 33.3 30.1

C 153 167 30.2 120 118 u.45 34,3 32.1
D 188 202 33.7 132 122 0.57 33.1 30.1

3 A 167 167 29 3 200 198 29.9 28.3
Al 217 193 0.55 27.3 26.9 300 375 22.6 22.7A2 14- 125 282 --
A1 222 188 312 292

B 217 240 30.4 113 143 31.5 27.'
C 157 193 27.4 180 142 31.0 28.1
D 193 200 29.1 137 185 32.1 26.5

4 A 193 217 29.8 142 142 28.4 27.7
Al 158 190 312 538 17.4 16.3
A2 155 170 420 525
A3 160 175 375 525
B 137 143 28.7 183 W2 31.6 27.7
c 143 167 28.7 143 152 31.2 28.8
D 150 183 30.0 120 167 31.3 28.5

5 A 182 222 28.0 127 183 0.514 30.4 29.0
Al 120 173 25.1 26.5 295 382 19.2 23.2
A2 138 190 350 L0o5
A3 128 160 356 388
t 153 212 29.0 133 198 0.60 30.3 26.9
C 12' 185 30.2 150 1A2 0.72 31.0 28.1
O 163 163 28.5 128 138 0.66 31.7 28.0

x IV le h A 138 145 26.2 235 257 24.6 26.3
Al 132 152 218 332 23.3 23.1
A2 168 177 230 -9
A• 160 205 225 355
B 125 200 27.6 184.187 26.5 27.5
C 182 238 27.4 146 270 25.9 25.9
D 2•0 27 27.2 206 226 27.2 28.1I 5 A 520 720 22.0 173 272 24.9 24.8
Al 172 260 25.6 25.8 275 688 18.8 1o.4
A2 185 258 345 732
Al 177 272 368 750
B 388 650 20.4 128 246 21.9 26.2
C 250 632 20.3 195 217 26.4 26.5
D 5W0 732 20.8 195 284 26.4 25.8Iv * I A 210 0oc 27.3 138 162 27.8 26.8
Al 163 :23 26.5 25.1 392 605 21.2 21.2
A2 1802 03 212 270
A3 170 210 345 512
B 158 375 *4.6 143 203 2-.. 26.0
c 150 3o5 26.. 125 116 ý8.4 2b.8
0 170 412 28.8 127 158 27.2 S.4

(Contiumd) (2 ar 9 choet5)



Table Al (Continued)

Identification Vinit A Visit B Vitit C Visit D
lIole- c' R' cz R' "IC C A

Site Plot o Row tion 3 0-6 6-12 6-02 6 1 6-12 M 3 0-6 -

Y qpbis Soel Series (Continued)

m V A 5 A 128 4,-5 25.9 O1 1247 0.86 30.0 27.7
Al 130 170 28.2 27.9 300 368 25.3 22.4
Q. 143 168 212 300
A3 158 177 225 325
B 322 650 23.6 145 178 27.7 28.0
C 162 242 27.0 120 162 31.3 27.7
D 8 P25 29.6 99 135 28.9 27.5

Loring Soil Series

L VI 1 I A 358 650 20.. 155 298 27.2 26.0
Al 162 250 29.5 25.7 512 750 18.3 13.5
A2 182 270 48 75o
A3 158 2a2 445 750
B 350 750 26.7 137 243 26.9 26.5
C 232 468 32.1 103 203 32.0 28.1
D ,58 368 29.0 163 203 31.0 28.0

2 A 142 250 28.7 168 235 0.26 27.4 29.0
Al 150 163 268 775 0.67 24.6 23.5
A2 128 130 233 355
A3 85 115 255 278
B 182 300 26.6 133 168 0.23 28.7 24.3
C 125 208 30.6 173 232 0.50 31.7 29.6
D 142 258 32.1 173 223 0.34 33.3 29.4

3 A 100 250 32.6 157 162 0.51 32.3 29.4
Al 137 133 i.0 a9.6 27.2 238 253 o.62 27.6 25.8
A2 162 118 175 255
A3 172 157 168 22o
B 83 158 32.4 92 120 0.57 31,5 29.1

3 83 168 30.5 103 163 0.64 35.8 29.2
D 100 158 32.5 98 11 30.6 z7.6

4 A 375 600 27.9 158 232 25.5 28.0
Al 140 218 280 368 21.4 23.3
AL 138 220 282 338

A3 170 232 345 468B 532 718 23.7 222 250 24.1 24.9
c 425 692 25.3 215 257 25.4 26.6
D 268 6D00 29.1 165 275 27.8 26.4

5 A 225 618 27.2 170 293 28.1 26.2
Al 185 282 27.A 26.1 592 750 16.7 15.8
A2 168 300 4.75 750
A3 183 298 532 750
B 442 750 19.7 198 297 25.7 27.5
C 458 750 22.3 250 300. 25.6 26.4
D 442 750 25.S 180 300- 0.37 26.9 25.8

L I L2 1 A 180 218 30.2-200 300 32.4 27.4
Al 207 300 29.3 23.8 525 750 21.9 I8.7
A2 220 300 112 750
A3 217 300 2 718
B 242 255 28.5 207 193 29.1 25.1
C 180 1W 26.5 237 300 30.8 25.5
D 175 308 27.6 195 185 28.6 27.3

2 A 230 418 33.0 240 300 30.4 24.7
Al 207 ýo 232 275 26.6 23.8
A2 225 300 2R 225
A3 2_V 300 200 268
B 141 .o8 30.3 130 132 34.2 28.0
C 100 142 30.1 200 250 31.7 26.1
D 122 200 33.6 150 217 32.6 27.3

3 A 130 192 30.8 170 293 30.1 27.2
Al 153 260 29.3 24.3 4W8 750 18.6 13.5
A2 188 2e7 155 750
A3 207 300 1.38 750
B 130 332 26.8 188 230 29.6 28.0
C 112 250 28.2 143 218 29.7 30.4
D 112 33D 28.1 193 24,0 30.3 28.8

4 A 318 625 23.6 175 240 30.. 28.5
Al 167 237 132 7 17.7 15.5
A2 173 20D 158 750

Al182 225 1.32 7W32
B 162 45 26.8 13 "170 33.2 29.9
C 162 188 28.1 227 3o0 27.4 28.0
D 170 170 29.5 233 300 26.7 28.6

I~~~~~ oruied 3S 9 Am~ta
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Table Al (Continued)

'"______t_____t ___ Visit A Visit 5 Visit C Visit D

poll ci t lf l l
Site Mt Raw tim 0.6 O 6.12 0 6 6.12 O-: t -2 0-6

Loring Soil ICrle (Conti,.ed)

L I 12 5 A 220 358 27.5 180 2%O 30.3 21.5
Al 183 193 27.7 25.6 268 26t 19.3 22.0
A2 1.2 237 350 312A3 163 197 358 3922
B 205 270 27.6 175 213 32.2 29.1c M 195 34.5 156 190 30.2 28.0,
D 200 192 26.3 175 IGO0 28.6 31.8:I

LV L3 1 A 155 258 29.9 120 143 35.5 32.9
Al 125 133 29.1. 29.7 242 342 21.3 19.5
A2 100 120 308 312
A3 130 188 280 31.2
B 168 242 28.0 103 125 30.9 31.9
c 180 238 29.2 105 187 31.7 30.8
D 118 168 28.6 93 145 31.2 29.7

2 A 118 150 28.8 62 72 0.80 23.5 33.3
Al 70 27 300 280 22., .8
A2 75 130 305 250
A3 7o 143 220 255
B 132 180 32.0 117 1.8 32.6 29.1
c 150 150 28.2 105 117 0.?4 25.1 .0.0
D 150 130 31.1 132 95 0.75 34.0 32.7

3 A 115 155 31.3 95 127 33.1 31.9
103 108 0.54 31.1 30.7 350 320 22.0 19.9

A2 103 n7 342 300
A3 3 100 23 328 20
B 20 180 20.0 12 2 342 36.2 31.4
c 228 282 28.9 135 1W3 31.8 3o.6
D 21 22. 262 26.1 115 135 30.2 39.0

5 A 1075 215 29.7 72 95 31.2 31.2
Al 102 133 350 342 23.6 21.S
A2 120 1425 332 3
A3 123 123 250275
B 32 • 20 29.0 13 15723 3.2 32.8
c 188 200 29.3 935 13 30.5 26.9
D 2180 29.0 137 367 25.1 29.6

5 A 108 150 328.2 78 2!03 33.8 31.8
Al 135 267 30.1 27.9 225 218 27.5 13.1
A2 140O 172 250 598
A3 170 170 20 325
B 125 25 29.8 6136 157 32.3 27.8
c 125 200 30.8 93 127 32.6 28.9
D 132 58e 29.1 120 123 31.4 30.3

L TV L4 I A 182 455 28.4 n17 26D 29.0 25.6
Al 135 263 0 392,V 76 23.5 167.
A2 150 277 255 598
A3 100 167 L390
B 31 318 29.6 12 243 28.3 29.9•c 1,58 438 32.2 1.33 21 28.5 26.5
CD 338 750 24.5 = 267 27.2 24.1

A 3o0 550 31.1 M152 01 30.3 27.8
A3 A7 220 3. 3 732 292.2 16.2

A3 100 163 39. 750B 345 750 -23.1 128 152 30.4 29.9
B 258 758 25.6 1 1.77 3o.6 27.7
C 350 W 22.9 315 210 32.7 26.9

A 332 382 23.8 138 22o 29.9 27.0
Al 93 210 28.9 28.0 258 0.7 21.9 172.
A2 137 287 35o01 4
A3 82 175 315 545
B 18. 588 20 .6 167 203 A..3 27.7
C 13535 0 32.9 9. 5 210 27.7 25.9
D 31 525 37.0 2•2 • 23.2 26.1

5 A 236 31. 28.0 2273 235 0.72 29.6 23.5
Al 193 2 57 212 3 3 5 18.9 26.5
Al 1 198 290 30 o18
A3 1820357 318 405
S 135 255 22 28.8 187 25 60 26.9 260
c 150 1.50 29.5 29 3 210 .93 26.7 25.7D 1.75 205 33.0 227 287 23.2 24.6

5 A 3W2 3,2 23.9 223 213 0.%.9 29.2 27.h
l 212 300 0.58 27.2 5.2 3o 325 2P.9 22.5A2 M170 .7 358 4

A3 25 .o2. 6 o • 205 3 NN 608
3 332 25 27.2 210 53 060•.9•.

D 3e2 34 23.3 203 213 oAh9 27.8 27,8



Table Al (Continued)

Identifleation Visit A Visit A Visit C Vilit D
lao CI M, CI III wE CI RI mC ' R"

Site. PLMA Row tia., OZ E-1 0.6 6.-- IP 5- 6.12 67_*6M 6.12 -Ur -f0-6 8 T
14ring Sol! Series (Continue~d)

L III L5 I A 125 405 24.9 113 178 27.5 23.5
Al 88 167 27.2 27.8 430 550 L1. 1 59.5
A2 117 1A3 4.42 682
A3 77 145 362 558
0 138 J55 39.7 143 207 28.9 25.7
C 132 432 23.0 113 163 28.0 P5.2
13 92 175 27.2 147 223 29.7 15.1

SA 136 155 28.8 173 221 25.7 21.8Al 150 170 -,-2 21 •.o 21.o0
A2 170 197 292 -68

A3 182 230 305 312
B 118 118 33.2 150 243 27.6 24.91
C 208 432 P8.4 147 1r/ 27.3 25.6
P 168 242 28.6 143 223 27.1 25.0

3 A 145 155 27.4 147 187 0.57 28.7 26.0
Al 157 273 0.79 27.0 26.3 312 355 24.4 23.1
A2 163 187 33Z 332
A3 210 183 325 358
B 250 Ž42 29.6 152 247 28.1 2,.8
C 1V 318 3ý1.2 167 250 27.4 24.3
D 212 270 27.3 143 217 26.9 23.7

4 A 130 230 31.5 153 220 28.4 26.3
Al 157 173 350 6D8 23.0 18.9
A2 180 187 325 L.O
A3 142 150 345 392
1 108 132 32.3 173 193 9.45 29.3 26.5
C 125 208 31.8 160 237 30.: 26.5
D 132 220 31.3 167 217 C3.2 26.2

5 A 95 168 -0.0 140 177 O.42: 29.8 27.1
Al 16o 227 0.5L P9.7 26.6 30S 392 23.7 20.5
A2 153 l50 320 350
A3 1452 90 28 35
B 168 258 25.9 100 132 0.73 29.2 27.4
C 1 -8 192 31.7 97 157 0.61 30.5 27.4
D 142 180 30.0 113 125 0.55 31.0 26.5

.16nry' Sol! Zer.e3

m vi Wil I A 120 206 -9.4 127 145 3v.0 34.5
Al 135 147 0.32 31..2 28.2 168 230 0.37 31.8 33.2
A2 193 145 195 305
A3 128 125 138 150
B 130 295 32.2 122 10! 30.0 35.2
c 138 150 30.1 145 19- 31.0 32.8
D 145 108 30.7 162 13v 31.2 -.4.4

2 A 208 155 32.3 183 171 0.23 31.3 27.L_
Al 165 138 230 245 32.1 U5.55
A 128 110 250 2275
A3 153 100 270 220

S18o n2 32.9 164 172 0.31 U3.6 26.5
c 188 245 36.4 .28 108 0.38 33.1 28.9

218 158 32.8 155 A8 0-.22 32.7 28.0

- Collin4 noil Lerles

%: III Cl I A 208 218 3P.2 213 223 0.73 30.3 209.7
Al 162 212 0.67 30.7 30.0 192 242 27.1 26.-
A2 178 202 270 345
A3 208 157 295 3M0
B 182 1A2 29.1 1•5 182 0.81 3o.5 30.1
C 155 255 30.8 209 278 31.0 V.-1
D 125 1.V 30.4 200 203 0.68 31.0 29.11

2 A 1L2 220 31.2 178 163 30.5 28.2
Al 150 e00 132 145 26.6 24.6
A2 167 1"7 16" 232 I
A3 168 185 188 :3?z
B 125 20- 3.0 198 235 29-. 28.5
C 142 I38 30.7 237 M2 28.2 28.8
D 158 182 31.7 183 229 -29.9 29.2

A 0 2 55 140 20.8 28,6 150 23Z 1.1 2.i 2..8.

12192 247 188 230
A3 -75208 155 230
B 150 238 29.1 187 219 22.7 28.0
C l82 238 3ý1.0 15k, 193 28.5 27.5
0 95 130 31.8 145 162 28.5 P8.8

C a(5 z 9 sbeets)

I _ _ _ _ _ _ _ _ _ .-- .--- --



Table A',l (Continued)

Identifleatio. Visit A Visit H Visit _C Visit D_ot C C- I RI •ccl Rl vc Cl R1 mc

Site Plot Rov tios 0.ti1 0.-6 6.12 6-12 0-' Zi2 U-6 6.12 -1. • - 0-6 6

Collins Soil Serlea (Continued)

c In Cl i4 A 152 138 30.0 74 241 29.3 26.6
Al 103 215 132 145 26.6 24.6
A2 116 200 168 232
"--4A3 115 180 188 238B 142 123 28.2 204 208 27.8 27.1

C 162 192 27.2 186 181 27.6 27.1
D 125 208 28.4 187 215 27.8 27.0

5 A 122 192 28.5 179 211 27.3 27.4
Al 15o 163 -10.4 28.9 150 .i8 24.1 23.5
A2 142 163 188 230
A3 142 137 155 2'0
B 82 188 29.1 171 253 29.3 26.3
C 142 210 25.9 155 175 27.9 27.6
D 118 195 30.0 155 206 30.0 266

C I C2 2 A 282 382 42.0 262 300 31.5 28.8Al 270 2 338 3022 28.8 2...,
A2 25ý, 222 325 220
A3 222 L103 29 275B 300 358 31.1 240 300 31.9 28.0

C 175 225 33.0 267 30 29.9 28.3
D 22-5 238 30.2 232 300 31-1 28.2

3 A 242 250 31.7 262 30o 31.4 28.5

Al 245 290 28.8 27.4 2 88 3o, 28.5 27.1
A2 237 283 282 300
A3 222 250 3OZ 392
B 175 218 32.5 152 194 32:.1 30.7
C 182 282 31.4 200 300 31.2 28.3
o 275 268 30.5 26o 3n0 29.1 28.5 £

4 A 282 305 30.8 245 300 30.6 28.8
l 203 222 370 392 28.3 26.7

A2167 2-20 430 470
A3 o20 210 338 420
B 205 318 28.6 ,57 300 32.6 28.8
C 282 408 29.8 203 30') 29.9 28.9
D 218 315 29.6 27030 30 .8 28.0

F II C3 I A 82 142 31.6 133 157 28.6 27.2
Al 100 140 0.60 28.3 27.2 145 425 24.2 21.2
A2 117 180 170 275
A3 85 205 168 308
S 03 80 30.6 187 160 27.5 28.0"C 88 132 33.6 120 133 0.35 27.8 27.8
D 55 120 33.5 153 223 28.8 28.8

3 A 55 180 32.8 160 217 27.5 27.8
Al 142 202 27.1 28.4 30W 392 21.2 16.6
A2 143 207 295 355
A3 338 155 258 '-92
B 62 175 32.5 147 180 26.6 27.2
C 42 145 32.0 180 205 28.0 30.9

0 68 18Z 31.8 220 263 26.5 27.5

Falaya Soili Series

SF v•i Fl. I A 192 2o8 27.o 14o 115 0.67 27.8 27.9Al 177 183 0.46 27.6 28.6 142 268 24.5 24.5

S153 140 182 255
7P. 16, 175 168

B 19 280 26.8 142 100 0.32 27.6 27.7
C 145 212 27.7 127 173 0.64 27.9 29.0
D 30 320 28.3 i6o 207 30.1 28.8

2 A 212 392 28.5 118 250 29.9 26.9
A., 143 188 188 238 26.7 29.4

A2 172 185 150 245
A3 147 1•2 232 26,
B 120 280 29.7 123 257 29.3 26.4
c 158 25 3.4 192 300 0.51 28.7 26.2
"D 5; 23e 29.2 180 230 .2 26.9

S A 225 350 30.5 147 300 29.6 26.6
Al 157 247 0.84 30.2 26.8 195 355 0.72 26.8 27.7
A" 150 225 205 295i; i- •142 215 250 350
P• 125 270 27.2 177 23- 28.1 27.7
C 212 312 29.1 152 300 31.2 27.6
D IM0 280 31.8 133 220 0.57 31.5 27.9

I(Contirmed) (6 of 9 sheets)



-i"'v Al (Contuiuel)

17,... 1ntiictfon 211t 1 V t A vi.,tP c _.__'C ___V__ _ -I, -[ r ' =i rv-- (i ji ii •i'i CT RI .( CI RII e

site- Plot ROW ticlit 131-6 t.0. .!... i.-,2 57t M-0 0- 2 6.12 0.1. -67M 6--12.2 0.

f i .F A ZO io 0 1 3 1314 M0 i0.l 2fl.6
,II 11(3 220 175 292 28.1 26.5
A2 170 1132 .'4 420
AV eo 183 p21 35
p 0 292 30.1 W .5 - 011 oAS ' 27.8
C 18e2 270 "0." lI, '.7 1;.) 2,.6
D 13 175 M .1 1', 0 168 0.31, E9.

5 A 92 17.0 ,4.
1  

18-1 -91 286.g 28..)
Al e.3 ,., o0 1 n7.1 26? 308 29.1 26.8
Al 30-s 270 5 2,10.

b. .17.3310 300

c VI Fe- I A 3C 3 J 3o ,.1.0 1-1 21'" 30.1. O .7
eA l J f,_ W< 2 t.8 21 ,.9 3'N ! 30 .4 28 .5

A•3 cl; 3003: 330
.13 • 3;, F •.• '00 Zý, 0. .7

c POO 2' 2t2."

4 7 20 2'l 31 6 18-?[ 28?7 32.5: 30.?

0 3J? 375 2$.7 343 223 31.0 29.5

2 A 361 C 3028 l.613 183 32.. 31.0
210 200 268 ac5 ,-3 27.0

A? .50 183 270 305
A1230 23-f 205 280

158 188 32.8 140 "5? 31. - 29ý.8
1h45 t2 12.8 173 207 31.9 'o.5

1 242 20W 34.0 14, 240 32.26 26.8

A h 170 282 30.7 1?7 247 31.4 28.2SA; 10, 2.,3 3o.5 2. .18G 2m 29,.it .6.9
A2 ý70, 2?33 2_V 2-,B

A .-! 275 -. :57 !57 .o 28. 126 45

C I32 27' 34.0 173 P87 z.2.2 28.6I 1) 2 212 0., 193 Z47 3-.2 27.7

4 A 25 9 1313 23' 3.7 -7.'.
Al ;Z0 247 232 612 30.5 24.4
A,2 1O 280 288 625

#3123 243 258 6510
B 142 -342 31•. 7 287 13.- 26.0
C 375 2210 32.1 133 2:7 3'.2 27.6
D I-P) 275 32.0 167 277 39g.6 26.5I 5 A i2( 330 26.9 107 300 0.57 29.2 26.8
Al 260 -40 27.6 27.0 292 570 24.4. 25.8

A2 2V.0 7,00 405 61.2
A3 190 Z'13 355 580
B 36P W1 Z'f..8 223 3W• 29.2 2"9.1

l 25 530 1773 340 ý'7 2-i.9 21.1
2 75 31F Z7.2 !73 228? 31t.:, 18.5,

" Z C I v F . A I 3 0 1 2 5 -, . 4 42 117 0 . 56 3 7 .1 V2 J,

CA, :,7 A80 0.49 3V.1 31.5 50 138 0.61 31.5 29.8

A3 38 (2 75 95
F j5p, 158 3z.5 1i 45 0.49 33.5 2.1-
C 25 130 31.8 27 93 0.51 33.9 31.2
S 1220 1 f- 31., 55 103 0.10 35.2 28.8

2 A 618 212 3- . 1415 0.48 ý1.5 3ýO.8

Al 33 *77 50 -58 !.2.3 211.3
AZ f0 82 '5 170

A3 -2 97 6?2 13113e,B 135 270 32.5 C, 70 0. 39 32.1 3.P1.
C 88 -5o -3., ý5 48 0 ,:7 '5.3 e'9.')

I i3 118 4.8. 17 68 0.-7 3E.1 1'.
4

3 A 146' 205 2.7 33 3 0..0 ;3.1- 3A.0
Al 17 40 0.37 35.2 33.6 a o50.9 ?9.9 Z9.6
A2 1.3 40 70 20,
.A3 13 55 1 23
rI ic 19', 30.2I Z.) 61 0. "7 3;2.8 37.5KLC 150 it.$ b.6 73 11;7 0..6 3-1. 21).3
D 14•9 1, 3.1i -1- 55 0.37 35.5 20.0

. A 130 18& 29.7 3: 50 0.59 31,.1 30.7
A ." 92 .29,7
A22 42 92 13- 26-,
A3 2.3 125 110 2%0Ii l-: 132 3,1.1 38 73 0.,.'. 31.- 29.1

c 1.2 I',8 31.9 '.8 82 0.55 1. X 3-.7
v 155 370 29.1 37 87 0.50 -?.4 2..9S(Co~tln.d) (7 of 9 -eta)
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Table Al (Continw'd)

"Identificatio Viit 8 Visit C Visit D

site PlOt PM tif 0-6 6.12 -r-3 5 6-12 0 6 0-6

Fs~aw Boil Seriec (Continued)

c Iv )3 5 A 168 12• 28.8 38 75 0.24 31.8 31.6
Al 53 92 0.66 35.7 34.6 55 168 0.59 27.8 27.9

.2 38 52 45 188
A3 o40 8 82 212
s 132 158 28.5 28 80 0.56 30.1 30.1
c 142 192 29.2 52 90 0.47 31.1 30.5
D 108 182 29.0 42 75 0.57 30.9 30.6

F VIII 74 1 A 132 182 36.2 108 157 0.41 36.0 .33.6
Al 90 103 0.41 37.2 35.4 145 205 0.49 31.9 32.8
A2 901 2 138 195
A3 87 103 130 192
B 88 108 42.0 88 108 0.32 35.3 32.7
c 7o 125 34.5 83 2 0.147 38.5 32.9
D 82 232 37.2 123 1.0 0.87 35.5 38.3

2 A 70 115 35.2 90 167 0.29 34.4 29.8
A1 90 150 105 168 34.7 33.3
12 90 170 125 138
A3 97 157 108 218
B cO 158 40.6 125 233 0.12 34.1 33.0
c 5?3 188 37.5 90 230 0.48 35.4 30.2D 95 238 39.4 110 187 0.52 35.9 29.5

3 A 68 150 39.6 90 177 0.49 33-1 28.1A 2 107 218 0.52 32.6 26.6 130 2W2 0.55 30.9 27.9

A2 IM 2013 132 220A3 100 147 150 250
B 65 138 37.2 112 220 0.51 31.3 24.4
c 70 M 42.0 67 185 0.06 37.4 29.7
D 30 155 4o.4 120 187 0.47 31.3 23.6

4 A 118 292 35.4 138 203 0.65 31.3 27.3
Al 110 212 118 270 27.5 26.2
A2 103 200 118 175
B 20 130 27.1 80 103 o.41 28.0 26.3

c 112 232 21.2 107 152 0.34 28.1 28.4
D 70 1M2 31.7 18 155 0.146 31.1 32.A

c v P5 1 A 68 195 35.0 145 197 0,69 30.4 29.4
A. 120 277 0.92 31.4 28.4 342 362 26.9 25.4
A2 147 213 232 308
1.3 12019D 3301422
B 232 358 30,5 133 148 0.56 30.0 31-7
C 220 205 31.7 143 IC- 0.60 34.1 29.2
1 242 200 30.8 92 170 0.88 30.3 29.5

2 A 150 142 35.3 117 208 0.57 33.2 29.6
Al 140 157 280 312 26.3 26.8
A2 140 200 200 358
A3 135 127 258 332
B 95 150 31.7 142 227 0.51 30.1 26.5
C 70 262 33.6 98 243 0.57 32.8 28.4
D 1-0 275 29.6 133 147 0.59 29.8 29.3

3 A 218 305 32.6 135 207 C.70 31.6 31.1
Al 205 278 0.8o 27.7 27.7 232 332 25.4 26.8! iA2 -,2 270 350 392
1A3 157 273 305 342
B 180 338 U1.0 175 287 0.71 33.9 28.9
c 205 282 29.0 147 278 0.78 30. t 28.0
D 80 188 33.3 82 187 0.71 29.51 28.8

4 A 215 255 30.6 152 197 0.42 30.1 30.5
Al 140 180 250 395 22.1 19.8
A.2 120 163 245 500
1A3 177 177 258 450
B 182 230 32.4 127 210 0.73 29.9 28.7
c 158 202 32.4 145 260 0.68 29.9 27.5
D 132 268 34.2 143 210 0.67 30.1 29.3

3 71 P6 2 A 120 230 29.0 157 167 29.1 28.1
A6 120 187 218 318 23.5 24.5
A. 138 175 168 238

4 13 -13 207 255 25.5
A3 82 192 32.5 187 150 0.57 P8.7 28.6

C 62 100 30.2 193 153 0.36 29.1 29.7
D 82 225 29.6 153 227 30.7 28.1

4 A 52 138 33.8 163 143 0.49 28.5 31.3
Al 133 143 232 28B 214.5 25.1
A2 127 163 258 275
.A3 120 130 225 250

B 8 58 158 33.6 128 A12 0.45 27.7 2-.9
* , C 52 158 32.8 147 133 0.22 27.8 29.8

0 70 170 33.4 173 150 0.46 28.5 29.6

(Conti• •d) (8 or 9 sheets)
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Table Al (Concluded)

Identification Visit A Visit B Visit C Viuit D
isl- I - cI V 1 f C Ci RI NC eI RI .

Site PloL Row tion i176 n.6 0 6-12 U.T: M 6-12 T U 0-6

Yala" Soil &,rlea (Continued)

7 11 F6 5 A 128 208 35.h 155 185 0.54 --9.9 28.5
Al 138 145 c.7. 28.4 29.0 318 342 21.4 A-8.6
A2 118 150 375 425
A3 133 153 250 368
B 62 138 33.2 220 157 0.45 31.1 29.9
C 35 168 33.2 113 1A8 0.42 28.9 29.1
D 30 162 34.0 100 170 0.42 29.2 29.7

C I ./ 1 A 182 375 39.0 255 30n 29.2 28.1.
Al 270 262 31.3 28.1 300 382 29.6 26.8
AP 252 26, ,12 305
A3 252 292 288 2R2
B 268 325 35.9 203 227 32.4 29.0
C 232 308 29.8 7 300 29.4 29.6
D 1," 325 38.8 245 300 31.4

5 A 232 332 .295 265 300 30.5 32•.0
Al 250 300 28.9 30.1 300 275 28.4 30.4
Al 270 300 355 238
A3 26' 300 325 245
B 242 308 30.9 233 LO0 39.1 29.7
C 225 41.5 10. 212 300 23.7 28.6
D 158 292 29.6 212 300 26.5 28.6

Bymon Soil Series

CII 1yl 1 A 175 158 31.8 133 137 0.28 34.6 30.1
Al 150 133 0-33 32.9 31.7 162 175 0.65 29..4 26.7
A2 122 110 155 145
A3 123 117 I12 200
B 15o 15o 3o.6 143 167 32.2 26.8
C 175 142 23 13v o.46 33.0 27.4
D 182 182 32.5 120 125 0.32 33-9 32.9

2 A 242 275 34.9 178 300 37.2 30.3
Al 195 173 170 358 35.2 29.7
A2 197 232 182 350
A3 217 245 168 503
B 300 280 36.3 155 215 37.7 30.0
C 158 158 40.6 180 30o 0,30 39.2 32.8
D 292 308 35.6 188 300 0.42 36.8 32.1

3 A 232 308 3h.4 185 300 0.77 33.3 26.9
Al 168 167 0.53 31.8 29.5 230 368 27.6 24.9
A2 172 20e 280 332

A3 183 233 345 312
B 218 192 V-3 213 158 0.64 34.3 28.8
C 218 150 31.6 155 1O0 0.21 34.6 31.1
D 21.2 232 37.3 123 163 0.14 33.0 30.6

4 A 208 312 35.2 152 295 0.15 30.1 26.9
Al 157 183 245 245 26.1 24.0
A2 175 .92 188 188
A3 152 152 318 270
B 232 250 30.0 182 127 0.33 29.3 27.3
c 16 153 28.8 188 1.A8 0.13 28.0 26.3
D 168 250 31.2 19% 297 0.08 29.9 25.9

5 A 168 182 25.8 150 178 0.17 29.6 27.9
Al 135 118 0.6 28.9 27.0 195 255 0.52 26.1 24.1
A2 138 153 192 205
A3 165 157 1Z8 192
S175 168 26.9 183 123 0.23 26.8 28.2
C 318 382 26.0 220 190 0.35 26.8 26.1

192 192 26.5 187 300 0.55 28.8 27.14

(9 or 9 abeet.)
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SThis study was thaverage of soil strength values obtained
a small area can be reliably applied to larger areas. Values of properties used in pro.
dicting soil strength and classifying soils were compared for areas differing in size.
Six test sites in each of four loessial soil series were established, using series
boundries on soil survey maps to locate the sites. The series were Memphis end Loring
in the uplands and Collins and Falaya in the bettomlands. Each site had five sampling
rows; each row had four sampling positions. Plots of pedologicaLly distinct soil serie
were identified from field examination within sites and were used as an additional sutb-.
division of test areas. Soil strength and moisture content data were collected on ftir
visits, other physical property data on one visit. The four series could not be dietin
guished by soil strength because the cone indexes (CI's) varied widely for any one
series and the range of C1 for each series was about' the same. Soils of the 6- to 12.
in. layer of the uplands differed from those of the bottomlands in cay content and
plasticity, but not In strength. The poorly drained Henry series and alluvlal-fmll
soils of the uplands, as identified in the field, had the lowest Cl's. Certain plotb e
hibited consistently different We' for each visit than did other plots in the same
series, and certain rows in the same plot showed consistently different CI'#. Theae
differences could not be explained satisfactorily in terms of soil series, or soil p -
erties commonly used in the Unified Soil Classification System and the U. S. Department
of Agriculture textural classification. Limited data suggest that in future c'aies a
terrain geometry classification system would be useful for identifying areas considered
uniform in soil type but variable in strength by indicating areas of differential ero-
sion or deposition. Also, %he effect of soil factors such as organic matter content,
structure, and natural cementing agents should be determined. In a row of relatily
uniform soil, five samplings for moisture content and stltic physical properties and t
for soil strength should be mae to provide acceptable mean values for trsfficability
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