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FOREWORD

The study reported herein constitutes a portion of the Mobility Envi-
ronmental Research Study (MERS), sponsored by the Office, Secretary of
Defense, Advanced Research Projects Agency (ARPA), Directorate of Remote
Area Conflict, for which the U. S. Army Engineer Waterways Experiment
Station (WES) is the prime contractor, and the U, S. Army Materiel Command
(AMC) is the service agent. The broad mission of Project MERS is to deter-
mine the effects of the various features of physical environment on the
performance of cross-country, ground-contact vehicles and to provide there-
from data which can be used to improve both the design and employment of
such vehicles. One criterion of the project is that the data be interpret-
able in terms of vehicle requirements for Southeast Asia. Most of the
funds employed for this study were allocated to WES through AMC under ARPA
Order No. 400. The remaining funds were provided by the Directorate of
Research and Development, AMC, as part of Department of the Army Project
No. 1-V-0-21701-A-046, "Trafficability and Mobility Research," Task 1-V-O-
21701-A-046-02, "Surface Mobility."

The study was performed by personnel of WES during the period August
1964-May 1966. The study was assigned to the Army Mobility Research Branch
(AMRB), Mobility and Environmental (M&E) Division. Mr. M. P. Meyer had
the primary responsibility for the general conduct of the study including
the preparation of this report. Mr. J. G. Kennedy programmed the data for
computer analysis. Mr. G. T. Ellis compiled the data and assisted in the
analysis. Mr. C. A. Blackmon wrote the appendix. Others assisting in the
study include Messrs. S. M. Hodge, J. E. Iee, and H. D. Molthan. All
phases of the study were under the direct supervision of Mr. E. S. Rush,
Chief of the Trafficability Section, AMRB, and the general supervision of
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Dr. D. R. Freitag, Chief, AMRB; Mr. A. A. Rula, Chief, MERS Branch; Messrs.
W. G. Shockley and S. J. Knight, Chief and Assistant Chief, respectively, . '
M&E Division; and Mr. W. J. Turnbull, Technical Assistant for Soils and .

Environmental Engineering.

Directors of the WES during the conduct of this study and the prepara-
tion of this report were Col. Alex G. Sutton, Jr., CE, and Col. John R.
Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany.
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SUMMARY

The study reported herein consisted of a statistical analysis of the
principal factors that influence soil trafficability and the application
of the analysis to the development of a scheme for classifying soils under
generally wet conditions in Thailand. The scheme is essentially a listing
of soil types (in terms of the Unified Soil Classification System and the
U. S. Department of Agriculture textural classification system) in decreas-
ing order of median rating cone index. Means and ranges are given for each
soil type in high- and low-topography positions for average and highest
soil-moisture conditions during the wet season. The probability of suc-
cessful negotiation of a soil type by military vehicles can be ascertained
by comparing vehicle cone indexes with the frequency distribution of rating
cone indexes for the soils. Results of the studies performed in the de-
velopment of the trafficability scheme are summarized as follows:

a. The probability of "go" for a given vehicle over a given soil
type is higher on high topographic positions than on low
topographic positions; on low topographic positions the prob-
ability of "go" is lowest during times of maximm soil-
moisture conditions. For a given topography-moisture condi-
tion the probability of "go" decreases for USCS soils in the
following order: clean, coarse-grained soils, coarse-grained
soils with fines, fine-grained soils, and organic soils.

lo

Soils in Thailand have slightly higher strengths under
wettest soil-moisture conditions and slightly lower strengths
under average soil-moisture conditions during the wet season
than do soils in humid-temperate areas of the United States.

vii
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TRAFFICABILITY CLASSIFICATION OF THAILAND SOILS

PART I: INTRODUCTION

Background

1. The study reported herein is a part of an extensive investigation
conducted to develop techniques and procedures for determining off-road soil
conditions in Thailand and a graphic means of presenting these conditions
which will show the relations between vehicle mobility, soil type and mois-
ture content, and slope. This study consisted of a statistical analysis
of the principal factors that influence soil trafficability and the appli-
cation of tHe analysis in developing a scheme for classifying Thailand
soils under generally wet conditions. The scheme presented herein is essen-
tially the same as that reported in a previous WES publication.l
differences are that this scheme is applied to a more restricted area, and
some refinement of analytical procedures has been made.

The major

ose

2. The purpose of this study was to develop a scheme for classifying
the trafficability of Thailand soils in the wet season based on identifi-
cation of the soils in terms of the Unified Soil Classification System
(UsCS) and the U. S. Department of Agriculture (USDA) textural classifica-
tion system, general topographic data, and two general levels of soil-

moisture content.

Scoge

3. Trafficability data collected at 846 sites in Thailand on coarse-
grained soils with fines and fine-grained soils of the O- to 6- and 6- to
12-in. soil layers were statistically analyzed in the development of a
trafficability classification scheme. In 1964 data from 238 sites were
collected specifically for this study. Other data used were collected in
various Mobility Environmental Research Study (MERS) programs including:
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a preliminary survey of envirommental factors affecting ground mobility in
Thailand,2 performed in 1962; the study of a quantitative method for de-
scribing terrain for ground mobility, surface composition,3 performed in
1964-1965; a study of soil moisture-strength characteristics of selected
soils in Tha.ila.nd,!* performed in 1963-1965; a study of selected airphoto
patterns of terrain features,’ performed in 1964-1965 hy the U. S. Army
Cold Regions Research and Engineering Laboratory (CRREL); and tests to de-
velop an analytical model for predicting cross-country vehicle performa.nce,6
performed in 1965. Most of these data came from the Chiang Mai, Nakhon
Sawan, Khon Kaen, Lop Buri, Chanthaburi, and Pran Buri study areas. Anal-
yses were made of cone index, remolding index, rating cone index, surface
shear strength, moisture content, density, and specific gravity of soils of
low and high topography identified according to the USCS and the USDA tex-
tural classification system.

General Approa.ch

4. A soil trafficability classification scheme, if it is to be prac-
ticable, must first name or identify the soils according to some recognized
system of soil classification, then establish trafficability limits for
each soil type, and finally, if feasible, collect the various soil types
into a small number of groups, each exhibitiné a discrete trafficability
behavior. The ideal scheme would be one that provides for consideration
and evaluation of all aspects of the enviromment (pedologic, geologic,
hydrologic, physiographic, climatic, and vegetative) that affect the traf-
ficability of the soil. The scheme reported herein considers the soil type
under very general space and time conditions in a tropical climate. Further
refinement according to the environmental characteristics mentioned pre-
viously must await the collection of additional data and further analysis.

5. Because their trafficability behavior is not materially affected
by moisture content, clean sands and gravel have been given a distinct
place in the soil trafficability classification scheme and have been ex-
cluded from the various statistical analyses that are presented in this

report.
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6. The soil trafficability classification scheme presented in this
report may be considered a composite classification scheme because it uses
two well-known systems of soil identification and is based on two moisture
levels. The two soil classification systems used are the uscs? (fig. 1) and
the USDA soil textural classification system8 (fig. 2). The USCS employs
soil texture, plasticity, and organic content to name or type soils, whereas
the USDA system is based solely on grain size distribution. Because the
USCS characterizes soils on the basis of their engineering behavior, it is
considered to be more applicable to the development of a sofl trafficability
classification scheme than the USDA system. However, since many areas in
Thailand and other areas in Southeast Asia are mapped in USDA terms, it was
also considered desirable to develop a scheme in USDA terms.
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Fig. 2. USDA soil textural classification system
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PART II: TRAFFICABILITY FACTORS

7. Trafficability is defined as the capacity of a soil to withstand
traffic by vehicles. It is an important aspect of cross-country movement
vhich may be defined as the ability of terrain to permit the movement of
vehicles. The factors that influence cross-country movement are mumerous.
They include not only the many variables which combine to determine the
strength and other physical properties of soils, but also slope and other
natural obstacles such as drainageways, scarps, vegetation, and microre-
lief features, as well as man-made obstacles such as railroad embankments,
canals, paddy dikes, etc. The investigation reported herein deals mainly
with the trafficability of soils. However, the effects of slope are also

considered.

Soil Bearing and Traction Capacities

8. Bearing and traction capacities are primarily functions of
strength (or shearing resistance) of a soil. Bearing capacity is the abil-
ity of a soil to support a vehicle without undue sinkage; traction capacity
is the ability of a soil to provide sufficient resistance between the pro-
pulsion element of a vehicle and the soil for the necessary thrust to move
the vehicle forward. The trafficability of a soil is considered adequate
for a given vehicle if the soil has sufficient bearing capacity to support
the vehicle and sufficient traction capacity to enable the vehicle to de-
velop ‘the forward thrust necessary to overcome its rolling resistance.

Methods of Measuring and Evaluating Soil Trafficability

9. The soil strength measurements used in the WES system for pre-
dicting vehicle performance were used in developing the soil trafficability
classification scheme discussed in this report. It has been demonstrated

that the effect of soil on the performance of vehicles in terms of "go'*

* In this report "go" means that 50 vehicles can pass in straight-line
traffic or one vehicle can execute severe maneuvers without becoming
immobilized.
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and "no go," slope-climbing ebility, drawbar pull, and force required to tow
the vehicle can be predicted with reasonable accuracy if the mass and sur-
face soil strengths are not vastly different. If the mass soll strength is
high and the surface is wet or consists of a thin, soft soil layer, the
vehicle will sink very little, but forward motion may be denied because of
loss of traction. Present methods for predicting the performance of ve-
hicles on such soils are not entirely sestisfactory. Previous investigations
have also shown that the change in strength of a soil which will be devel-
oped under vehicular traffic differs significantly for fiie-grained and
coarse-grained soils; therefore, the measurement and evaluation methods dif-
fer somewhat. These differences are discussed in the following paragraphs.

Soil strenglh measurements used
for determining trafficability

10. Fine-grained soils and sands with fines, poorly drained. In
fine-grained soils and in sands with fines, poorly drained, cone index (c1)
and remolding index ( RI) measurements are necessary to define soil traffic-
ability. The CI provides an index of the in-situ or undisturbed shear
strength of the soil prior to vehicular traffic. It, by itself, is inade-
quate for predicting the soil strength after repeated traffic by a vehicle
because repetitive traffic invariably remolds the soil, thus altering its
strength. The probable effect of vehicular traffic on soil strength is
obtained from the RI, which indicates the direction and magnitude of the
strength change that can be anticipated under vehicular traffic. An RI
less than 1.00 denotes a strength loss as a result of remolding; an RI
greater than 1.00 indicates a gain in strength. For example, a wet silt
may retain only 25% of its undisturbed strength once it is subjected to
repetitive vehicular traffic.

11. The trafficability of fine-grained soils and sands with fines,
poorly drained, is therefore defined in terms of a value called the rating
cone index (RCI), which is the product of the CI and the RI for the same
soil layer. In general, the soil layer between the 6- and 12-in. depths
is critical for most military vehicles operating in such soils. However,
the depth of the critical layer varies with the strength profile of the
soil and the vehicle type and weight.g’lo
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12. Various instruments are currently being tested to determine their
utility for predicting surface traction for soil trafficability purposes.
One instrument ( sheargraph) used in this study provides a measure of the
ultimate cohesion and ultimate angle of internal friction for soil-to-soil
and rubber-to-soil shear failures. In this study a normal load of 10 psi
was arbitrarily selected as a constant in determining the surface shear
strength of a soil. The equipment and procedures used in taking sheargraph
measurements and in reducing and evaluating the data are described in ref-
erences 11 and 12,

13. Coarse-grained soils. For coarse-grained soils or clean sands,
CI measurements alone are adequate to quantify trafficability. Usually,
the strength of clean sands is not altered significantly by changes in mois-
ture content. Clean sands possess adequate strength to support vehicles
without critical sinkage. In clean sands the first pass is the most criti-
cal, and subsequent passes are made with less difficulty. The O- to 6-in.
layer is considered the critical layer for most military vehicles.
Evaluation of soil trafficability

14. Fine-grained soils and sands with fines, poorly drained. The
ability of a given vehicle to complete 4O to 50 passes traveling in a
straight-line path over a level area or to execute severe maneuvers in

fine-grained soils or sands with fines, poorly drained, is assured if the
RCI of the soil in the critical layer in that area is equal to or greater
than the vehicle cone index (VCI) assigned to that vehicle. In general,
an RCI equal to 50% of the VCI indicates sufficient soil strength to per-
mit one or two straight-line passes of the vehicle.13 If the RCI is
greater than the VCI of a given vehicle, the additional traction resulting
from the excess soil strength can be used to accelerate the vehicle, nego-
tiate slopes, or tow a load.

15. The VCI's for most military vehicles are tabulated in several
publications.g’lo The referenced publications also contain formulas for
computing mobility indexes, means of relating these indexes to VCI's, and
the relation of drawbar pull, slope, and force required to tow the vehicle
to soil strength.

16. Coarse-grained soils. Studies being conducted on clean sands
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have not yet progressed to the point of quantifying trafficability. Results
thus far indicate that tracked vehicles usually experience little or no dif-
ficulty traversing level, clean-sand areas. The effect of soil strength on
vehicle performance (in terms of drawbar pull and slope-climbing ability)

of a given tracked vehicle is small; however, a significant difference in
performance exists 'among vehicles having different types of track systems.

A wide range in wheeled-vehicle performance occurs as a result of changes

in tire pressure, number of tires, and tire size.

Soil Moisture

17. The principal factor influencing the strength of a given soil
is its moisture content. Any soil in a comparatively dry state may be traf-
ficable to all military vehicles; but at high moisture content, its strength
and consequently its trafficability may be such that only certain vehicles
can pass. It is apparent that moisture conditions must be taken into ac-
count in any evaluation of the trafficability of soils and, further, that
soils must be at similar or equivalent conditions of moisture in order that
they can be rated fairly in comparison with each other.

18. Moisture is added to the soil through precipitation, a rising
water table, flooding, or irrigation. Moisture is generally depleted from
the soil bSr i'imoff, gravitational percolation, evaporation, or transpira-
tion through plants. The rate and magnitude of moisture gain or loss and
the capacity of the soil to hold water are controlled primarily by the soil
and by site characteristics that determine the porosity and permeability
of the soil. These characteristics, for the most part, are influenced by
the plastic, organic, and textural properties of the soil that are defined
in terms of the USCS and the USDA soil classification system.

Climate and season

19. Climate must be considered in any type of soil-moisture analysis.
The principal elements of climate consist of precipitation, temperature,
atmospheric humidity and pressure, and wind velocity. Of these, precipi-
tation and temperature are the two most important factors controlling the
gain and loss of soil moisture. Similar soils within a specific climatic
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area will have qualitatively similar seasonal soil-moisture conditions; and .
conversely, similar soils of different climates will have dissimilar sea-
sonal soil-moisture regimes. Soils in hot, humid climatic areas, for ex-
ample, generally approach minimum moisture levels more rapidly than soils
in cool, humid climatic areas because of higher rates of evapotranspiration.

20. For purposes of this study, a wet season and a dry season are
considered, based on the qualitative moisture conditions of the soil. The
wet season is defined as the period of the year when generally high soil-
moisture contents prevail; it corresponds to the period of maximum precip-
itation. The dry season is defined as the period of generally low soil-
moisture contents, although maximum moisture contents may occur for short
periods immediately after several days of heavy rain.

21, Soil-moisture studies conducted at specific sites in various
gsections of Thailand for continuous periods of almost two years have been .
used to refine a system for predicting the effects of meteorological fac- |
tors on the trafficability of soils. The studies show, among other things,
that the top 12 in. or so of soil attain relatively high moisture contents
during the monsoon season beginning in May or June and continuing through
October or November. The distribution of high-rainfall months wherein the
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rainfall exceeds 100 mm (3.9% in.) a month is recorded in the following ]
tabulation for nine weather stations in Thailand that are located in areas
that include most of the study sites.
Years Percent of Years of Record with Rainfall Exceeding
Location of of 100 mm (3.94% in,) per Month
Weather Station Record Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Chiang Mai 19-1/2 0 0 0O 20 8 75 8 100 100 63 1 o0
Khon Kaen 17 0 0 12 35 100 76 76 100 100 35 0 0
Nakhon Sawan 15 0 7 0 13 53 53 67 93 100 T3 0 0
Lop Buri 17-2/2 o o0 24 29 71 8 94 8 100 61 0
Bangkok 23-2/3 0 4 4 35 87 87 T9 92 100 9% 17 O
Chanthaburi 23 4 9 26 T0 100 100 100 100 100 96 26 0 ,
Sattahip .{
(Chanthaburi Area) 23 0O 17 17 4 7 26 30 35 87 96 52 & '
Hua Hin (Pran Buri
Songkhla (Hat Yai i
Area) 22.2/3 61 17 22 M43 57 57 U5 33 55 96 100 91

Area) 20-1/3 5 0 0 15 55 L4 25 4 67 8 4 0 {
1
1
1
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Space and time factors
affecting soil-moisture content

22. In order to estimate the trafficability of a site more accu-
rately, consideration must be given not only to its soil type but also to
its topographic position and its general relative moisture-content level.
From a study of the data available, certain arbitrary "space" and "time"
factors have been designated that are considered essential for optimm ac-
curacy in estimating trafficability on the basis of existing knowledge and
available data. Additional data and further study may produce more ex-
plicit criteria for estimating the trafficability at a site. However, at
the present time, two space factors (low and high topography) and two time
factors (wet-season and high-moisture conditions) will be used. These are

illustrated in fig. 3 and explained in the following paragraphs.
23. Space factors. The depth to the water table has been found to

be a significant factor in determining how wet a site may become. Sites
which have a water table within U ft of the surface become wetter in the
top foot than do sites with the water table below the top 4 ft, even
though all other conditions appear to be the same.

a. low topography. A site of low topography is one at which
a water table is known to exist within 4 ft of the surface,
perenaially or at some time during the year. Such sites
usually occur as bottomlands, lower terraces, depressions,
or bottoms of slopes, or occasionally as upland flats asso-
ciated with impervious subsurface layers or pans. They are
generally characterized by poor to fair external drainage
and moderately poor to very poor internal drainage. If
the water table is actually observed at depths of less than
L ft from the surface at a site at least once, the site
automatically qualifies as a low-topography site. If ob-
served data on water-table depth are not available, sites
which appear, from observation, likely to have high water
tables on the basis of their topographic position, drainage
characteristics, proximity to surface water bodies, or soil
coloring (gray or blue mottled soils usually indicate the
presence of a consistent water table) are judged to be low-

topography sites.

b. High topography. Sites o.” high topography have water tables
at depths greater than 4 ft from the surface at all times.
These sites are characterized by soils with no impervious
layers or pans and with moderate to good internal and exter-
nal drainage. They are usually located on ridges or upper

11
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slopes. If information on the water table is not available,
it is usually possible to determine whether a site is one of
high topography through a study of the topographic position
and other envirommental data available.

24, Time factors. While for this study it would have been desirable
to have examined the means and ranges of pertinent soil values measured at
a time when the moisture content was at rigorous reference levels, such as
field maximum or field capacity, this was not feasible because only & few
sites (the prediction-development sites) were known to have been tested
vhen the moisture content was at these levels. In order to realize the
benefit of values derived from large masses of data, less rigorous moisture
levels, wet-season and high-moisture conditions, were selected. These con-
ditions, or time factors as they are called in this report, are discussed

in the following subparagraphs.

a. Wet-season condition. The wet-season condition is intended
to represent the average moisture condition prevailing in
soils during the wet season. Data from some of the drier
sites were not utilized because the soil was too firm to ob-
tain the necessary data for a determination of rating cone
index. Exclusion of these data tended to bias the averages
toward wetter-than-average conditions.

High-moisture condition. The high-moisture condition repre-
sents the worst trafficability condition that can occur at
sites that undergo seasonal changes. Marshes, bogs, swamps,
and other perennially wet, soft, spongy areas are prime ex-
amples of low-topography areas under a high-moisture condi-
tion at all times. Low-lying areas with fluctuating water
tables and upland areas with seasonal perched water tables
are typical examples of low-topography areas where a high-
moisture condition occurs intermitteicly. Low- and high-
topography areas that have been subjected to moderate or
heavy rainfall are normally under a high-moisture condition
during and immediately following rain periods. In this
study a high-moisture condition at high-topography sites
could not be identified from the collected data. Ccnse-
quently, an analysis was not made for this topography-
moisture condition and the classification scheme does not
include data for this category. Only one set of high-
moisture data (cone index, remolding index, rating cone in-
dex, sheargraph, and moisture content) wa: used in the anal-
ysis for a given low-topography site. At sites where high-
moisture data were collected on more than one day, the set
of data selected was for the day of lowest rating cone index.
The moisture content for this day was usually, but not
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necesserily, the highest recorded at the site. In analyzing
the data, a high-moisture condition was considered to have
been prevalent at a low-topography site when it was known
that the water table was within the top 18 in. of soil.
(This 1B-in. criterion is based on studies in the United
Statesl" that show that the strength of a soil decreases at
a logarithmic rate with a decrease in depth to the water
table and a relatively small rate of change of strength per
unit change in depth to the water table when the water table
is above a depth of 18 in.)

Slope

25. Vehicles that can traverse certain soils on level surfaces often
become immobilized when climbing slopes on similar soils. These immobili-
zations can be attributed primarily to a downhill force, a function of the
vehicle's weight and the angle of slope, which opposes the vehicle's forward
thrust. In this report slope is expressed in terms of percent (vertical
rise divided by horizontal distance, multiplied by 100).

Slope index

26. The adverse effect of slope on vehicle performance can be ex-
pressed by an increase in rating cone index requirements above the vehicle's
requirements for lwuvel terrain. These excess RCI points, called slope in-
dex, may be added to the vehicle cone index and the determination of "go"
or "no go" is made by comparing this value with the measured RCI. Detailed
procedures are available for determining slope effects and for estimating
the maximum slopes negotiable by various veliicle types.9’l° Three slope
index values, one for tracked vehicles with grousers longer than 1-1/2 in.,
another for tracked vehicles with grousers shorter than 1-1/2 in., and the
third for wheeled vehicles, can be obtained for a given slope from the
three respective curves shown in plate 1. If, for example, the slope is
30%, the slope indexes for the three vehicle classes would be 13, 15, and
20, respectively.

Effective rating cone index ‘(ERCI)

27. The ERCI is a combined soil strength-slope value which rates the
trafficability of a sloping soil. The index is computed by subtracting the
slope index from the rating cone index. For example, if the RCI of a soil
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’ is determined to be 50 ard the slope is 30%, the ERCI would be 37 (50 minus
13) for tracked vehicles with grousers longer than 1-1/2 in.; 35 (50 minus
) 15) for tracked vehicles with grousers shorter than 1-1/2 in.; and 30 (50
| minus 20) for wheeled vehicles. The determination of "go" or "no go" on
Lr sloping terrain is based on a comparison of the vehicle cone index with the

ERCI for the vehicle class. If the VCI is greater than the ERCI, vehicles
of this type will not be able tc climb the slope; if the VCI is less than
the ERCI, the slope 1s considered negotiable. The ERCI can also be applied
and, if desired, mapped in regard to level terrain. ' In this case, the

P slope index is zero for all vehicle classes and the ERCI is equal to the

RCI of the soil.




T PART III: ANALYSIS OF DATA .

t 28. The data were classified and analyzed in terms of both USCS and
[ USDA soil types under a high-topography, wet-season condition, a low-
topography, wet-season condition, and a low-topography, high-moisture con-
{ dition. The following studies were conducted:

a. A determination of means and standard deviations of cone
index, remolding index, rating cone index, moisture content,

: dry density, and specific gravity for the 6- to 12-in. soil

P layer; cone index and moisture content for the O- to 6-in.

! soil layer; and sheargraph shear strength for surface soils.

b. A cumilative frequency analysis of rating cone index for the ,tz
} 6- to 12-in. soil layer for each USCS and USDA soil type and ‘
for all soils.
L ‘ {
Basic Data
29. The data used in these analyses were obtained from 846 sites, 3

: 701 of which were located in six MERS study areas, including 103 sites in
Chiang Mai, 117 in Khon Kaen, 77 in Nakhon Sawan, 160 in lLop Buri, 182 in
Chantheburi, and 62 in Pran Buri. The remainder of the test sites were
located in other sections of Thailand. The general locations of the sites 1
are shown in fig. 4. The data were derived from six different test pro-
grams conducted for MERS during the period June 1962 through October 1965.

The number of sites from each program which provided data for this study s’
r and for each analysis is shown in the following tabulation. The procedures

i Traffic- Sur- CRREL
Prelim- ability face Soil Air- Terrain-

inary Classi- Compo- Moisture- photo Vehicle {
Survey fication sition Strength Pattern _Tests  Total

Number of sites 165 238 22l 75 121 23 846 ‘ '
Mean and standard deviation
Wet-season condition
CI, 0-6 in. 160 238 224 75 105 23 825
CI, 6-12 in. 157 238 224 75 105 23 822 L
RI and RCI,* 6-12 in. 91 193 146 70 69 1k 583 *
Sheargraph shear strength -- 227 197 50 - 22 496
Moisture content, 0-6 in. 145 238 106 75 105 22 691
{ Moisture content, 6-12 in. 130 238 105 75 104 20 &2 )
Dry density, 6-12 in. 116 193 29 75 -e 10 423
(Continued) )
* Also used in analysis of cumulative frequency. |
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Traffic- Sur- CRREL
Prelim- ability face Soil Air- Terrain-
inary Classi- Compo- Moisture- photo Vehicle
Survey fication sition Strength Pattern Tests Total

Number of sites . 165 238 22k 75 121 23 8.6
Mean and standard deviation
High-moisture condition

CI, 0-6 in. 70 72 6l Lo 7 15 268
CI, 6-12 in. 69 72 63 Lo 7 15 266
RI and RCI,* 6-12 in. 55 67 L9 38 7 1l 230
Sheargraph shear strength -- 43 30 4 -- 15 92
Moisture content, 0-6 in. 63 72 50 4o .- 15 240
Moisture content, 6-12 in. 61 72 50 4o .- 14 237

#* Also used in analysis of cumulative frequency.

used in obtaining data in each program are discussed in Appendix A; the
data are presented in tables Al-A6.

Method of Computation

30. The General Electric 225 electronic digital computer was employed
in computations for this study. Two computer programs were required, one
to compute the mean and standard deviation values and one to determine the
frequency of occurrence of rating cone index. Data for these programs were
supplied to the computer by means of punched IBM cards. These cards form
a data retrieval system containing for each site the characteristics of the
site (e.g. geographic location, topography class, topogrephic position,
slope, land use, vegetation, etc.), soil data (e.g. percent grain sizes,
Atterberg limits, USCS and USDA soil type, specific gravity, organic con-
tent, etc.), trafficability data (including CI, RI, RCI, sheargraph mea-
surements, moisture content, and density for wet-season and high-moisture
conditions, etc.), and climatological data (e.g. longtime average annual
rainfall and temperature, etc.). For a given site, eight IBM cards are
required to store approximately 125 pieces of information describing the
site, soil, trafficability conditions, and climate.

Mean and Standard Deviation Values of Soil Properties

31. This study establishes the statistical mean and standard devi-
ation values of cone index and moisture content for the O- to 6- and
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6- to 12-in. soil layers; remolding index, rating cone index, dry density,
and specific gravity for the 6- to 12-in. soil layer; and sheargraph shear
strength for the surface soil. Values for the dynamic soil properties,
including moisture content, cone index, remolding index, rating cone index,
and sheargraph shear strength, were computed for each of the three
topography-moisture condition categories. Values for the static soil prop-
erties, including density and specific gravity, were computed only for a
wet-season condition (high and low topography, respectively). Data are
presented for each of the soil types in the USCS and USDA system in tables
1-7. The mean values in each table, except those for moisture content
(table 5), are arranged from top to bottom in decreasing order; the mois-
ture contents are arranged in increasing order. Where data are presented
for both the O- to 6- and 6- to 12-in. layers (tables 1 and 5), the soil
types are arranged in order of mean values of the 6- to 12-in. layer.
Where data are presented for soil-to-soll shear and soil-to-rubber shear
(table 4), the soil types are arranged in order of mean values of soil-to-
soil shear.

32. The data were analyzed in terms of mean (¥) and standard devia-
tion (8) because these are probably the most widely used and most readily
understood statistical measures. The mean (commonly termed arithmetic mean
or average) is computed by suming the individual measurements and dividing
by the total number of measurements. The standard deviation is a measure
of the dispersion of the data around the mean. The standard deviation for

less than 30 measurements was computed by means of the formula

Zx-ia

8=Y¥"n-1

where

L = the sum of

(x - X) = the deviation of an individual measurement from the mean
of all measurements

n = the number of measurements

The -1 was omitted from the denominator of the formula when 30 or more
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measurements were used in the computation. When the number of measurements
for the specific condition exceeds 30, the interval defined by +1 and -1
standard deviation from the mean will usually contain approximately 684 of
the data. Assuming the data are universally valid, if three additional
measurements were taken, the values of two would usually fall within this
interval. Mean and standard deviation values of a condition with fewer
than 30 measurements, and especially of a condition with fewer than 5 mea-
surements, should be viewed with skepticism.

33. The data in table 5 show that mean moisture contents for a given
soil type are generally highest under a low-topography, high-moisture con-
-dition, intermediate under a low-topography, wet-season condition, and
lowest under a high-topography, wet-season condition. If data had been
developed for a high-topography, high-moisture condition, the mean moisture
content would probably lie between those for the low-topography, wet-season
condition, and the low-topography, high-moisture condition. This consis-
tent pattern for all soil types (except a few with mean values that are
based on relatively few observations and are therefore questionable) is
presumed to be evidence in support of the proper identification of site
data into the three arbitrary space-time categories used in this report.
Analysis of strength

34k, Cone index. The results of the analysis of CI are given in
table 1. The data show mean cone indexes that are generally highest for
the USCS coarse-grained soils with fines and USDA gravelly and sandy
solls, intermediate for the USCS fine-grained soils and USDA loamy soils s
and lowest for the USCS organic soil (OH) and USDA silty and clayey soils.
Exceptions are the USCS low-plasticity soils (CL-ML and ML) of the 6- to
12-in. layer which have the highest mean cone indexes of all soils under
low-topography, wet-season and high-moisture conditions. (The maximum
mean value, for GC, is based on one sample and, therefore, is not reli-
able.) The data also show higher cone indexes for the 6- to 12-in. soil
layer than for the O- to 6-in. layer; the mean cone indexes for all soils
under each of the three topography-wetness conditions range from 57 to
78 units higher in the 6- to 12-in. layer than in the O- to 6-in. layer.

35. The mean and standard deviation values for each of the soil
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types and for all soils of a wetness condition are higher than those re-
ported for temperate climates.l This apparent difference can be accounted
for by differences in the procedures used in the two studies for measuring
cone index. In the temperate-soll study, the capacity of the cone pene-
trometer was 300 (0.5-in. cone), whereas in this study the capacity of the
instrument was extended to 750 (0.2-in. cone) in order to satisfy the needs
for soil strength data for other engineering purposes. The average cone
index for firm soil is higher when measured with the 0.2-in. cone. For ex-
ample, the soil tested with the 0.5-in. cone may give several 300+ readings,
whereas the same soil tested with the 0.2-in. cone may give readings of
420, 480, etec.

36. Remolding index. The results of the analysis of RI are given
in table 2. A comparison of the mean RI's for all soils shows lower é.v-
erage RI's for the low-topography positions. The data show an average RI
of 1.03 for soils under high-topography, wet-season condition, an average
RI of 0.76 for soils under low-topography, wet-season condition, and an
average RI of 0.66 for soils under low-topography, high-moisture condition.
Under each topography-moisture condition, the mean remolding indexes are
generally highest for the USCS silty, coarse-grained and highly plastic,
fine-grained soils and USDA sandy solls, lowest for the USCS low-
plasticity, fine-grained soils and USDA loamy soils, and intermediate for
the remaining soils. For the moisture levels considered in this report,
relatively few soil types have mean RI's greater than 1.0.

37. Rating cone index. The results of the analysis of RCI are given
in table 3. Like those for cone index, the data generally show rating cone
indexes that are highest for the USCS coarse-grained soils with fines and
USDA sandy soils, intermediate for the fine-grained soils, and loﬁest for
the USCS organic soil (OH). The mean RCI for all soils under wet-season
condition is about 60 units higher for high-topography than for low-
topography position (i.e. 180 versus 121 RCI), and the mean RCI for low-
topography position is 35 units higher under the wet-season condition than
under the high-moisture condition (i.e. 121 versus 86 RCI). Because of
test procedures that provide higher cone indexes in this study, the rating
cone indexes are higher and the means and standard deviations are
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appreciably greater than those for comparable soils in a temperate climate
(see paragraph 35 for an e'x.:pla.na.tion) :

38. Sheargraph shear strength. The results of the analysis of shear-
graph shear strength of the surface soil for a normal load of 10 psi are
given in table 4. The soil types are those for the 0O- to 6-in. layer. A
comparison of the mean values for a given topography-moisture condition
shows little difference between most soil types. The mean shear strengths
for soil-to-soil and soil-to-rubber shear appear to be the highest for the
high-piasticity and lowest for the low-plasticity USCS soils. A comparison
of the mean values for all soils shows a decrease in strength with an in-
crease in the moisture level of the soil for soil-to-soil shear. Only a
slight decrease in strength is associated with an increase in moisture level
for soil-to-rubber shear., Because the number of samples for most soil types
was insufficient for pr?per statistical analysis, and because the soil type
of the O- to 6-in. layer may, in some cases, be different from that of the
surface soil, the results and conclusions drawn from this analysis should
be viewed with caution.

Analysis of moisture content

39. The resulté of the analysis of moisture content are given in
table 5. The moisture content is inversely proportional to the soil
strength. The data show mean moisture contents to be lowest for the USCS
coarse-grained soils with fines and USDA gravelly and sandy solls, inter-
mediate for the USCS low-plasticity, fine-grained soils and USDA loamy
soils, and highest for the USCS high-plasticity and organic soils and USDA
clayey soils. The mean moisture contents for all soils of the O- to 6-
and 6- to 12-in. layers are about 5% higher for low-topography than for
high-topography, wet-season condition and those for low-topography posi-
tion aré about 4% higher for high-moisture than for wet-season condition.
Also, mean moisture contents of all soils are about 2% higher for the O-
to 6-in. layer than for the 6- to 12-in. layer.

Analysis of dry density

4O. The results of the analysis of dry density are given in table 6.
Experience has indicated that changes in dry density of surface soils do
not significantly affect their trafficability properties. However, the
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density data, along with specific gravity and moisture content data, can
be used to estimate the percent saturation of a soil, which is an indicator
of the degree of wetness. In this study the density data were analyzed for
high- and low-topography, wet-season conditions. The data show densities
that are generally highest for the USCS coarse-grained soils with fines and
low-plasticity, fine-grained soils and USDA gravelly and sandy soils, in-
termediate for the USCS moderately plastic, fine-grained soils and USDA
loamy soils, and lowest for the USCS highly plastic and organic so.ls and
USDA clayey soils. The mean density for all soils is about 2 1b per cu ft
higher under a high-topography condition than under a low-topography, wet-
season condition. A comparison of individual USCS soil types shows the
density of all soils except CL and SM to be higher for the high-topography
position than for the low-topography position. The CL and SM soil densi-
ties are slightly less in high positions than they are in low positions.
Analysis of specific gravity

41, The results of the analyses of specific gravity are given in
table 7. The specific gravity is a static soil property that does not vary
with moisture content; consequently, the data were analyzed only for a wet-
season condition. The mean specific gravity for all soils of high topog-
raphy is 0.04 higher than that for all soils of low topography. Specific
gravities are highest for the USCS plastic soils and USDA gravelly and
clayey soils, and lowest for the USCS low-plasticity and organic soils and

USDA silty and sandy soils.

Cumlative Frequency Analysis of Rating Cone Index

Procedures and presentation of data

42. The data used in this analysis are the same that were used in
the mean and standard deviation analyses of RCI under wet-season and high-
moisture conditions, respectively. The only difference between this and
the previous analysis is in the statistical treatment of the data.

43, RCI's for each soil type under each topography-moisture condi-
tion were grouped into intervals of 10 RCI's from 1 to 300 and 300+, i.e.
1l to 10, 11 to 20, 21 to 30...291 to 300, and 300+. The measurements in
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each class for the group of 300+ observations were tallied and their per- '
centage of the total number was computed. The percentages were added

i cumulatively, starting with the percentage of 300+ observations and pro-

gressing in order of decreasing RCI. Thus, the 300+ or the larger value

of the highest RCI increment for which data were available always was 0%

\ frequency, and the smaller value for the lowest RCI increment for which

data were available was 100% frequency. The RCI at 50% frequency is the
median value.

‘ | kY, The data are plotted in cumulative frequency graphs in plates

‘ 2-5 for the USCS soil types and in plates 679 for the USDA soil types.

Graphs for three moisture conditions are usually shown for each soil type. {

Data were not available for sandy clay (USDA type) and OL and Pt (USCS 1

. types), nor were data available for analysis of one or more of the wetness
conditions in some of the other soil types. The number of samples (sites) )
used in each analysis is indicated on its graph.

‘ b5, Tt is noted that where an appreciable number of samples were

| available for analysis, the three curves drawn for each soil type seldom } '
cross each other. Also, the general range of RCI increases from the high-
moisture graph through that for low-topography, wet-season, to the high-
topography, wet-season graph. This is taken to be evidence of proper ' 1
categorization of the basic field data into the three general moisture ‘
conditions. L

L5, Graphs are used to show the manner in which RCI varied. For
example, the solid-line curve for CL soils in plate 4 shows that 10% of |
the CL soils under a low-topography, high-moisture condition had RCI's Q

greater than 127, 20% had values greater than 100, and 30% hed values
greater than 90, etc. ' ) f

[ .

‘ Estimating proba- )
bility of vehicle "go"

47. The graphs can be used for estimating the probability of "go" )
for military vehicles. A soil for which the RCI is greater than the VCI :
' will permit 50 vehicles to pass in straight-line echelon or one vehicle
to execute severe maneuvers. Thus, the cumulative frequency corresponding ) L
to the VCI indicates the probability of a vehicle's success in a given }
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soil type under & given general moisture condition. For example, if it is
known that the soil type is CL and that the water table is within 18 in.
of the surface so that the soil is under a low-topography, high-moisture
condition (but specific data on strength cannot be obtained), it can be
hypothesized from plate 4 that the M48 tank (VCI = 49) would have a 76%
probability of "go."

Analysis for all soils

48. An analysis was made of the cumulative frequency of RCI for all
soils under wet-season and high-moisture conditions. The procedures of
analysis were the same as those used in the analysis of each soil type
(see paragraph 43). The curves developed from the analysis may be used
to estimate the percentage of areas trafficable for a given vehicle under
a given condition of moisture. A discussion of the curves and their use

is presented in paragraph T73.
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PART IV: SOIL TRAFFICABILITY CLASSIFICATION
SCHEME AND RELATED STUDIES

49. The soil trafficability classificat.»n scheme shown in tables 8
and 9 is essentially a listing of soil types in descending order of their
median rating cone indexes under three conditions of moisture: high and
low topography under wet-season conditions, and low topography under a high-
moisture condition. Information for a high-topography, high-moisture con-
dition was not included in the scheme because data were too few to permit
proper analysis. Soil types according to both the USCS and the USDA soil
classification system are employed. Thus the scheme can be considered a
sixfold scheme for the classification of soils from a trafficability stand-
point. The scheme considers the strength of soils in the 6- to 12-in.
layer.

50. This part of the report summarizes the vehicle classification
categories developed in an earlier study, and describes the soil traffi-
cability classification scheme and its possible application in detail.
Tables 10 and 11 supplement the classification scheme by providing specific
data on the percent probability of "go" for military vehicles on level and
sloping terrain for each of the three general moisture conditions and the
two soil classification systems.

Vehicle Categories

51. Different military vehicles require different minimum soil
strengths for operation. A soil condition that is easily trafficable for
one vehicle may be impassable for another. Therefore, in order to make
the soil trafficability classification meaningful, it was necessary to
incorporate vehicle requirements into the scheme for estimating the proba-
bility of vehicle "go."

52. In an earlier st\.\d.y-.‘-5 a system was developed for classifying
vehicles on the basis of the minimum soil strength each required for 50

straight-line passes or one severe maneuver on level ground. This system
is condensed and repeated here.

’
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gory _Range Vehicle and Vehicle Types

1 20-29  M29C weasel, M76 otter, Canadian snowmobile, and some
lightweight experimental vehicles. Example: VCI of
M29C weasel = 25

2 30-49 Engineer and high-speed tractors with comparatively wide
tracks and low contact pressures. Examples: VCI of D7
engineer tractor = 40; VCI of MLl armored personnel
carrier = 37

3 50-59 Tractors with average contact pressures, tanks with com-
paratively low contact pressures, and some trailed ve-
hicles with very low contact pressures. Example: VCI
of Mi8 medium tank = 52

L 60-69  Most medium tanks, tractors with high contact pressures,
and all-wheel-drive trucks and trailed “rehicles with
low contact pressures. Example: VCI of M135, 2-1/2-
ton truck = 62.°

5 T70-79 Most all-wheel-drive trucks, a great number of trailed
vehicles, and heavy tanks. Example: VCI of 1-1/2-ton,
bxlt dqump truck = 73

6 80-99 A great number of all-wheel-drive and rear-wheel-drive
trucks, and trailed vehicles intended primarily for
highway use. Example: VCI of 1/2-tom, Lx2 pickup

truck = 88
7 = 100 Rear-wheel-drive vehicles and others that generally are
or not expected to operate off roads, especially in wet

greater soils. Example: VCI of 5-ton, 4x2 dump truck = 119

The vehicle cone indexes for individual vehicles within the categories are
included in Appendix A of reference 15.

Soil Trafficability Classification Scheme, level Terrain

53. The soil trafficability classification scheme for level terrain
is presented in USCS terms in table 8 for high and low topography under wet-
season conGitions, and for low topography under a high-moisture condition.
The scheme is presented in USDA terms in table 9 for the same set of mois-
ture conditions. Information presented in the scheme for each soil type
includes a general estimate of the probability of "go" on level terrain for
vehicles of various categories. Measurements of soil strength are also

included.
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Classification of vehicle "go"
54, For the sake of simplicity of presentation, the percent proba-
bilities of vehicle "go" have been arbitrarily classified as follows:

Excellent  greater than 90% probability of "go"

Good 76 to 90% probability of "go"
Fair 50 to 75% probability of "go"
Poor 10 to 49% probability of "go"
No "go" less than 10% probability -of "go"

The probability-of-"go" information is illustrated in tables 8 and 9 by a
series of bar graphs, one for each soil type.

Procedures for deriv-

M" information

55. The vehicle cone indexes corresponding to 10, 50, 75, and 90%
probability of "go," the limiting values of the vehicle "go" groupings,
were derived from the cumulative frequency rating cone index graphs (plates

2-9). For example, from the CL soil graph for a low-topography, high-
moisture condition (plate 4) it can be seen that the RCI's at 10, 50, 75,
and 90% c:mulative frequency are 128, T, 50, and 39, respectively. This
means that the soil strength will be greater than 128 RCI 10 times out of
100, greater than T4 RCI 50 times out of 100, greater than 50 RCI 75 times
out of 100, and greater than 39 RCI 90 times out of 100. Table 8 shows that
vehicles with a VCI greater than 128 will have less than a 10% probability
of "go"; those with a VCI ranging from 74 to 128 will have 50% probability
of "go"; those with a VCI ranging from 50 to T4 will have a 50 to 75% prob-
ability of "go"; those with a VCI ranging from 39 to 50 will have a 76 to
90% probability of "go"; and those with a VCI less than 39 will have greater
than 90% probability of "go."

Reliability of "go" information

& T v o saas il

‘56. The probability lines delineating the vehicle "go" groupings on
the bar graphs in tables 8 and 9 are solid where the data were based on
more than four samples and the information shown was considered to be re-
liable. The lines are broken where less than five samples were used in the
analysis or the data were othervise questionable. The positioning of these
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broken lines was based on an assumed RCI estimated from the textural, plas-
ticity, and organic properties of the soil.

57. It should be noted particularly that the occurrence of obstacles
was not considered in the probability of "go" estimates for level or slop-
ing terrain. Obstacle components of terrain, such as trees, hedges, dikes,
and streams, that present a definite deterrent or obstruction to mobility
of vehicles would certainly decrease the probability of "go."

Soil strength information

58. The mean CI, RI, surface sheargraph shear strength for a load
of 10 psi, and RCI, and the range of RCI (discussed in Part III) are pre-
sented again in tables 8 and 9. It may be noted that the mean RCI for a
soil generally is greater than its median RCI, which is the same value as
the VCI at 50% probability of "go."

Probability of Vehicle "Go" on Level and Sloping Terrain

59. The percent probabilities of vehicle "go" on level and sloping
soils classified in terms of the USCS are presented in table 10 for both
high and low topography under wet-season conditions, and for low topography
under a high-moisture condition; these data on soils classified in terms of
the USDA system are presented in table 11. The data for each soil type-
moisture condition include the probabilities of negotiation of level terrain
(0% slope) and slopes of 15, 30, and 45% by vehicles in each of the seven
vehicle categories. The probabilities were established for the median VCI
within vehicle categories 1 through 6 (i.e. 25 VCI for category 1, 40 VCI
for category 2, etc.) and for the minimm VCI (100) in category 7, for
tracked vehicles with grousers shorter than 1-1/2 in. and for wheeled ve-
hicles. Tracked vehicles with grousers longer than 1-1/2 in. would have
a slightly better probability of "go" on sloping soils than that computed
for tracked vehicles with shorter grousers. For all practical purposes,
however, the difference is insignificant, and the probabilities of "go"
listed under the "tracked" column in tables 10 and 11 may be applied to
both types of tracked vehicles. The probability of "éo" established for
a vehicle with a median VCI of a category will closely approximate and may
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be used to estimate the probabilities of "go" for other vehicles within the
same category.

Procedure for deriv-

ing "go" information
60. The probability data were obtained from the cumulative frequency

rating cone index graphs presented in plates 2-9. If VCI is substituted
for RCI and probability of "go" for cumulative frequency, an estimate of the
probability of "go" on level terrain can be made for any vehicle for which
& VCI has been computed (discussed in paragraph 47). In order to deter-
mine the probability of "go" for a given slope, the slope index, derived
from the curve of the vehicle type shown in plate 1, was added to the VCI
and the probability of "go" for the soil type-moisture condition was based
upon the cumlative frequency reading for this new VCI value. For example,
the probabilities of "go" for tracked and wheeled vehicles of 55 VCI
(median VCI of category 3) on O, 15, 30, and 45% slopes of a silt loam soil
area under low-topography, wet-season condition were derived as follows.
The VCI was substituted for RCI in the abscissa, and the probability of "go"
was substituted for cumulative frequency in the ordinate of the silt loam
low-topography, wet-season condition graph shown in plate 8. At 55 VCI the
probability of "go," read from the graph, was 87%. This value applies to
tracked and wheeled vehicles at 0% slope. The slope index at 15% slope,

po read from the curves of plate 1, was 7 for tracked vehicles with grousers
shorter than 1-1/2 in. and 9 for wheeled vehicles. This index was added to
the VCI to provide values of 62 (55 plus 7) for the tracked vehicles and

64 (55 plus 9) for the wheeled vehicles. The probabilities of "go" for the
VCI values of 62 and 64, read from the graph in plate 8 for silt loam, low
topography, and the wet season, were 80 and 79%, respectively. At 30%
slope, the slope indexes were 15 and 20, the VCI's became 70 and 75, and
the resulting probabilities of "go" were Th and 68% for the two vehicle
types, respectively; at 45% slope, the slope indexes were 27 and 40, the
VCI's became 82 and 95, and the probabilities of "go" read from the graph
were 60 and 49%, respectively. The probability of "go" can be estimated
for any slope and for any vehicle for which a VCI has been computed by
using data read from the proper soil type-moisture condition graph and
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slope index curve, and following the procedures discussed above.
Reliability of "go" information

61. The probability values for a wet-season condition are undoudbtedly {
influenced by the high-moisture, low-strength bias associated with the basic
date (previously discussed in paragraph 2La); thus, the actual probability
of "go" would be somewhat higher than that indicated.

62. The number of samples used in the analysis of a particular soil
type-moisture condition provides a rough estimate of its reliability.
Analyses based on more than 30 samples would generally have a small plus
and minus probability error, i.e. the true probability based on an infinite
number of the same type of samples would not vary by more than plus or ‘
minus a small standard error of estimate. The probabilities of "go," there-
fore, are considered to be of good reliability. An analysis based on fewer
than 30 samples and especially fewer than 15 samples, but more than 4 sam-

t Ples, would have a moderate standard error of estimate (estimated at 110 to
+25% probability of "go"). Probabilities based on an analysis of this i
number of samples are considered to be of only fair reliability and should
. ) ° be viewed with skepticism. Five was arbitrarily chosen as the minimum num-
| ber of samples needed to provide a reasonably reliable probability value;
probabilities of "go" were only estimated for the analyses based on fewer
than 5 samples. The estimations were based on assumed strengths estimated
r' from the textural, plasticity, and organic properties of the soil.
i

.
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Application of Information for Estimating
Trafficability Conditions

63. The information presented in the trafficability classification
scheme and probability of "go" tables should be especially useful in mili-
tary intelligence, military-operations planning, and vehicle-design work.
The information may be applied in quantitative or qualitative terms to
military problems or to studies of a tactical or strategic nature.

64, The information can be used to estimate trafficability condi-
tions for areas in Southeast Asia that, in most cases, will not be acces-
sible for measurement. Information needed for proper analysis includes
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Lr climate and weather, topographic position or water-table conditions, and
soil type. Climatological and weether data can be obtained from meteoro-
logical records; data on topographic position (and slope if desired) are
available from large-scale topographic maps, and information on soil type
' can be obtained from engineering or pedological reports. It may be rea-
: soned that trafficability-prediction information would not be needed for
accessible areas because direct strength measurements w:lth‘ the cone pene-
trometer could be taken where and when desired. The information, however,
could be used in these areas to facilitate a particular study, e.g. the
speedy selection of one of several possible access routes, the selection
of possible barrier areas (mine fields, etc.) that normally would have
good to excellent probabilities of "go," or the selection of broad areas
providing the best positions for offensive or defensive operations.

Use of trafficability
t classification scheme

65. The following parasgraphs explain by means of examples how the
classification scheme can be used.

66. Season, soil type, and topography. If it is known that the
r season is the wet season, the soil type is CL, and the topography is low
topography, the data in table 8 for low-topography, wet-season condition
would be used to determine trafficability. In this case, the 'probability
of "go" on the CL soil would be less than 10% for vehicles with VCI's ‘ 1
*’ greater than 185, between 10 and 50% for vehicles with VCI's between 89
and 185, between 50 and 75% for vehicles with VCI's between 58 and 89, be-
tween 76 and 90% for vehicles with VCI's between 42 and 58, and greater
than 90% for vehicles with VCI's less than 42.

67. Season, soil type, topography, plus rainy veather or high-water- ‘
table condition. If, in addition to the knowledge of the season, soil type,
and topography, it is known that the soil has been subjected to several '

days of rain, or if a high water table is known to exist, the low-
topography, high-moisture condition data presented in table 8 (or table 9

y for USDA soils) would be used. The probability of vehicle "go" on CL soils
under these conditions would be less than 10% for vehicles with VCI's
greater than 128, between 10 and 50% for vehicles with VCI's between 74 and

32




1

128, between 50 and 75% for vehicles with VCI's between 50 and T4, between
76 and 90% for vehicles with VCI's between 39 and 50, and greater than 90%
for vehicles with VCI's less than 39.

68. Probability of one straight-line pass for a vehicle. For clayey
soils, an RCI equal to about 50% of the VCI usually will permit one
straight-line pass of the veh:l.cle.l3 The probability of a successful op-
eration may be derived from the classification scheme ('ta.bles 8 and 9) by
projecting a line down from the VCI value multiplied by one-half and read-
ing the probability at its intersection with the particular graph of soil
type-wetness condition under consideration. For example, a vehicle with
a VCI of 100 would have a recomputed index of 50 (100 x 0.50). The prob-
ability of its making one straight-line pass on a CL soil under low-
topography, wet-season condition ( from table 8) would be 76 to 90% (esti-
mated at 83%).

Use of probability of "go" tables

69. The following paragraphs explain how the probability tables
(tables 10 and 11) can be used. The particular data to be used, like that
for the soil trafficability classification scheme, will depend upon the
amount and type of information known, i.e. the topography, moisture condi-
tion, and the soil type and system in which the soil is classified.

70. Probability of "go" for vehicles within specific VCI categories.
The probabilitgof "go" on sloping ground may be estimated for tracked or
vheeled vehicles within VCI categories. If, for example, a low-topography,
high-moisture condition prevails and the soil is a CL with a 15% slope,
the probability of "go" for tracked vehicles in category 3 (VCI 50 to 59)
would be 63% (from table 10).

71. Comparison of probabilities between two vehicle categories. The
probabilities of "go" can be compared for vehicles in two different cate-
gories to estimate the advantage that vehicles in one category would havé
over vehicles in another. For example, under the same set of conditions as
those stated in the preceding paragraph, tracked vehicles in category 5
(VCI 70 to 79) would have a 40% probability of "go" (table 10). Since the
table shows the probability of "go" for vehicles in category 3 to be 63%,
the difference, 23% (63 minus 40), indicates the advantage in performance
of vehicles in category 3.
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72. Comparison of probabilities for different soil types and slopes. .
The probabilities of "go" for vehicles within a given category can be com-
pared for two or more different soil types and slopes in order to deter-
mine quantitatively the advantage that one route would have over another.
For example, if tracked vehiclzs in category 3 were being considered for use
iI.I a low-topography area under a high-moistuce condition (table 10), the
probability of "go" along route A, a CH soil with maximum slopes of 30%,
would be 40%; the probability of "go" along route B, a CL soil with maximum
slopes of 15%, would be 63%. Thus, from the standpoint of soil type and
slope, route B would have a decided advantage of 23% {63 minus L40) over
route A.

Estimation of Percentage of Area Trafficable

73. Cumulative frequency curves of the RCI data for all fine-grained
soils and coarse-grained soils with fines tested in Thailand are shown for
wet-season (high and low topography) and high-moisture (low topography)
conditions in plate 10. For purposes of camparison, a similar set of curves
is also shown for humid-temperate soils of the United States. The cumula-
tive frequency of RCI, in percent, is plotted for a 10-300 range of RCI.
The curves in plate 10 permit one to estimate the percentage of area traf-
ficable for a given vehicle under a wet-season or high-moisture condition.
Because the data are biased toward wetter-than-average conditions, esti-
mates of percentages of trafficable areas made from the curves will be
smaller than actual, i.e. on the conservative side. Examination of the
data reveals that in Thailand a vehicle with a VCI of 80 can make 50 passes
in 60% of the soil areas under average conditions in the wet season, and
in 40% of the low-lying soil areas under poorest trafficability conditions
(high-moisture condition). The same vehicle can make 1 pass (vehicle cone
index is 80 X 0.50 or 4O for 1 pass) in 89% of the area under average con-
ditions in the wet season and in 79% of the low-lying areas under poorest
trafficability conditions. It should be emphasized that passable areas
are considered strictly in terms of the bearing strength of soils on level
surfaces. The presence and orientation of slopes and obstacles and
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consideration of the extent of areas of sand would affect the percentage
of area trafficable. A comparison of the curves for Thailand and U, S.
soils shows that the Thailand soils have slightly higher strengths (68
median RCI for the Thailand soils versus 63 for the U. S. soils) under

i high-moisture conditions and slightly lower strengths (97 median RCI for
; the Thailand soils versus 107 for the U. S. soils) under wet-season

conditions.
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cluded that the scheme for classifying trafficability of Thailand soils has
the following advantages:

derived from the various analyses of the basic data.

b
AN v e T

PART V: CONCLUSIONS AND RECOMMENDATIONS E

Conclusions

74. Based on the data and discussions presented herein, it is con-

a. Tt rates soil types (both USCS and USDA) according to their
median rating cone index und:r high- and low-topography,
wet-season conditions, and under low-topography, high-
moisture condition.

From a consideration of cumulative frequency of occurrence
of rating cone index, it permits a ready estimate of the
chances of successful travel of any military vehicle (whose
vehicle cone index is known) on any soil type under three
space-time moisture conditions.

I

75. The conclusions that follow are based on the soil information

&. Soil strength.

(1) Soils in low-lying positions (low topography) generally
have lower strengths than those in high-lying positions
(high topogrephy). (Paragraphs 34-38 and tables 1-4.)

(2) The initial strength (cone index) of the 6- to 12-in. i
soil layer ranges from 57 to 78 units higher than that 4
of the 0- to 6-in. layer. (Paragraph 34 and table 1.) |

(3) The remolding indexes are generally highest for the
silty coarse-grained soils and highly plastic fine-
grained soils and lowest for the low-plasticity and
loamy fine-grained soils. (Paragraph 36 and table 2.)

(4) The remolding index of a soil decreases with an in- {
crease in the moisture level. Under highest moisture |
level (poorest trafficability condition) the soils re- ‘
tain an average of two-thirds of their initial strength )

after remolding. (Paragraph 36 and table 2.)

(5) The initial and remolded strengths of soils (cone index
and rating cone index) are highest for the USCS coarse-
grained soils with fines and USDA sandy soils, inter-
mediate for the fine-grained soils, and lowest for the
organic soils. The rating cone index averages 60 units
higher for high-topography than for low-topography po-
sition, and that for low-topography positions averages
35 units higher under wet-gseason condition than under
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(6)

high-moisture condition. (Paragraphs 34 and 37 and
tables 1 and 3.)

Soils in Thailand have slightly higher strengths under
high-moisture condition and slightly lower strengths
under wet-season condition than do soils in humid-
temperate areas of the United States. (Paragraph 73
and plate 10.)

Soil-moisture content.

(1)

(2)

For a given topography-moisture level the moisture con-
tents are lowest for the USCS coarse-grained soils with
fines and USDA sandy soils, intermediate for the USCS
low-plasticity, fine-grained soils and USDA loamy soils,
and highest for the USCS high-plasticity and organic
soils and USDA clayey soils. (Paragraph 39.and table 5.)

The average moisture contents in the wet season are
about 5% higher for low-topography than for high-
topography positions, and those in low-topography posi-
tions are about 4% higher under high-moisture than

under wet-season conditions. (Paragraph 39 and table 5.)

Density.

(1)

(2)

The densities are generally highest for the USCS coarse-
grained soils with fines and low-plasticity fine-grained
soils and USDA gravelly and sandy soils, and lowest for
the USCS highly plastic and organic soils and USDA
clayey soils. (Paragraph 40 and table 6.)

The average density is about 2 1lb per cu ft higher under
high-topography than under low-topography, wet-season
condition. (Paragraph 40 and table 6.)

Specific gravity.

(1)

(2)

Specific gravities are highest for the USCS plastic
soils and USDA gravelly and clayey soils, and lowest
for the USCS low-plasticity and organic soils and USDA
silty and sandy soils. (Paragraph 41 and table 7.)

The specific gravity of soils on high-topography posi-
tion averages 0.04 more than that on low-topography
position.

Probability of "go."

(1)

The probability of "go" for a given vehicle on a given
soil type is highest for high-topography, wet-season
condition, intermediate for low-topography, wet-season
condition, and lowest for low-topography, high-moisture
condition. For a given topography-moisture condition,
the probability of "go" decreases for soils in the
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(2)

following order: clean, coarse-grained soils, coarse-
grained soils, coarse-grained soils with fines, fine-
grained soils, and organic soils. (Table 8.)

On a basis of soil strength only, vehicles with vehicle
cone indexes less than 80 (i.e. practically all mili- .
tary vehicles except those intended primarily for high-
way use) can n'gotiate at least 60% of the soil areas
during average wet-season conditions and at least 40%
of the areas during poorest trafficability conditions.
(Paragraph 73 and plate 10.)

Recommendations

76. It is recommended that:

In order to improve the reliability of the probability-of-
"go" information that has been derived from a statistical

14

analysis of existing data, new or additional rating cone

index information should be collected on USCS soil type-

moisture conditions with fewer than 15 observations. This

information should include data from all soil types except

SM and CL under high-topography, wet-season condition;
SP-SM, SM-SC, and organic soil types under low-topography,
wet-season condition; and SP-SM, SC, CL-ML, and organic

soil types under low-topography, high-moisture condition.

Sheargraph measurements should be incorporated in the
trafficability classification scheme if investigations in
progress show that these measurements can be related to
vehicle traction.
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b Table 1
Mean and Standard Deviation Values for USCS and USDA Soil Types
Cone Index, O- to 6-in. and 6- to 12-in. layers

S

USCS USDA
0- to 6-in. 6- to 12-in. 0- to 6-in. b- to 12-in. , l
r r r r |
o'y T W i— e . & L:F»’L =S e ﬁw-li i E R o
High-Topography, Wet-Season Condition
GC -- -- -- 1 617 - cL 2 137 76 4 617 188 ‘
GM .- - -- 2 k62 Lot GSCL 1 111 -- 2 524 320
SP-SM 1 273 e - == == sC - - o 2 511 338
SM-SC 3 163 T 10 378 238 GSL 1 273 -- 7 340 258
ML 13 197 115 11 304 259 18 17 290 164 22 301 226
sC 7 155 85 17 286 187 CcL 9 204 162 8 278 207 |
SM b2 243 149 59 269 209 SL 35 184 129 k9 264 189
cL 8 100 63 23 258 221 sic 2 127 83 2 252 27
CH 8 168 18 15 205 163 L 19 149 106 28 218 206
MH 17 128 66 1 179 76 S1L 10 98 Lk 6 210 261 {
CL-ML 3 89 18 8 135 b1 SCL 6 15 63 9 199 133
* GCL - -- -- 2 198 33 |
i sicL 1 126 - 4 188 121 .
c 3 1k 79 6 17 51
s 5 215 72 6 153 37
\ GSiL - == 2 1 125 s
All soils 102 188 132 160 258 200 All soils 111 185 129 158 263 205 ,
Low-Topography, Wet-Season Condition
. GC -- -- -- 1 k30 -- GCL 1 98 -- L s22 203
CL-ML 12 156 103 W1 313 188 GL == - - 2 385 198
ML 51 192 151 50 303 206 GSiCL .. - .a 1 37 = ‘
SM 61 239 160 95 282 176 GSL 3 246 150 5 349 216 i
sc 10 181 ks 35 264 190 GSCL -- = . 2 290 198 L
SM-SC 7 248 134 20 250 183 SL 84 218 155 1ko 252 171
3 CL 84 155 152 241 209 160 1S 28 186 116 ko 250 143
SP-SM 1 100 .- 9 193 103 s 5 233 289 14 240 146 ‘
r CH 57 7 kW 119 134 9 CL b 100 55 51 229 159 '
MH 28 99 4 35 125 73 L 57 145 125 122 221 172 l
OH 8 52 s 6 31 13 SiL 83 142 123 98 210 172 o
SCL 3 104 L5 3k 195 139 I
c 25 63 35 43 184 1 ,
SiCL 32 1k 129 51 154 144
si 4 300 299 2 14 5 '
sic 23 63 58 39 97 51 |
All soils 319 158 142 652 217 168 Al soils 362 152 138 648 216 166 |
Low-Topography, High-Moisture Condition |
CL-ML 7 19 117 20 266 209 GsL - ee - 2. 311 --
ML 28 124 109 21 257 221 si 2 337 392 & == £3
SM-SC 1 29 - ‘h 249 259 1S 9 145 102 13 208 144
SM 19 171 159 32 201 114 s L 259 327 6 207 134
sc 2 68 8 12 167 82 GCL 1 103  -- -- == o= '
cL 38 74 30 98 127 55 SiL 23 8 4 26 190 180 1
MH 13 91 34 16 116 66 SL 30 126 75 L6 178 11
] SP-SM 1 78 o 2 100 35 L 31 83 36 58 167 139
CH 29 W7 24 53 o4 &7 CL l2 7% 39 22 158 76
OH 4 30 17 b 35 b1 scL - == == 15 123 5k
c 16 61 35 18 122 60
SiCL 15 63 37 30 105 58
sic 20 48 27 27 7 43
All soils 142 95 91 262 152 123 All soils 163 93 87 262 152 123

Note: n = number of samples; X = mean or average; s = one standard deviation.
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Table 2
r Mean and Standard Deviation Values for USCS and USDA Scil Types
: R:molding Index, 6- to 12-in. Layer
| UBCS USDA
ko __Type "_n X 8 Type Y x_ 5
High-17pography, Wet-Season Condition e —
SM 32 1.32 0.79 1S 12 1.62 0.96
CH 11 1.¢. 0.16 CL 5 1.19 0.12
MH 9 X.02 0.36 sic 2 1.16 0.06
SM-SC L 0.98 0.22 SL 29 1,04 0.57
sc 10 0.94 0.27 S L 1,03 0.48
CL-ML 7 0.83 0.28 SCL 8 0.95 0.26
(o 3 16 0.82 0.27 SiL 5 0.92 0.29
ML 7 0.69 0.33 (0 3 0.90 0.18
GM 1 0.51 = SicL 3 0.89 0.26
GC 1 0.45 s L 23 0.83 0.28
GSiL 1 0.7 -
GSL 1 0.51 =
GCL 1 0.51 -
GL 1 0.45 ==
All soils 98 1.03 0.55 All soils 98 1.03 0.55
Low-Topography, Wet-Season Condition
SP-SM 6 1.31 0.68 s 9 1.34 0.69 3
SM 55 0.89 0.57 GSL 2 1.1k 0.02 }
CH 101 0.88 0.24 1S 22 1.07 0.59
MH 34 0.79 0.28 ¢ 32 0.87 0.25
sc 23 0.77 0.29 si 1 0.86 o=
CL 187 0.71 0.23 SiL 72 0.83 0.3
OH 5 0.62 0.12 sicL 47 0.77 0.26
CL-ML 2 0.57 0.21 GSCL 1 0.77 .-
ML 35 0.51 0.27 sic 39 0.76 0.19
SM-SC 13 0.51 0.22 CL 38 0.75 0.20 .
L 98 0.69 0.28 j
SL 97 0.65 0.39
SCL 26 0.64 0.16
GCL 1 0.51 e
All soils 483 0.76 0.34 All soils 485 0.76 0.34 +
Low-Topography, High-Moisture Condition
SP-SM 2 1.22 0.56 S 5 1.32 0.69
CH 50 0.79 0.24 1S 9 0.86 0.65
MH 16 0.66 0.21 siL 21 0.78 0.29
CL 91 0.65 0.20 o) 15 0.75 0.14
OH 4 0.65 0.11 CL 21 0.73 0.22
sC 11 0.6k 0.30 SiCL 29 0.71 0.27 !
SM 20 0.53 0.31 sic g 0.68 0.17
ML 17 0.43 0.22 SCL 15 0.60 0.15 g
CL-ML 12 0.hk2 0.13 L 50 0.59 0.22
SM-SC 3 0.34 0.21 SL 38 0.47 0.27
All soils 226 0.66 0.31 All soils 230 0.66 0.31
Note: n = number of samples; X = mean or average; s = one standard deviation.
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Table 3

Mean and Standard Deviation Values for USCS and USDA Soil Types

Rating Cone Index, 6- to 12-in. Layer

USCS USDA
- —Tge s X s o Tpe n_ X s
High-Topography, Wet-Season Condition

GC 1 253 =4 1S 12 325 268
SM 32 227 197 sic 2 274 16
sC 10 221 165 GL b ! 253 ==
SM-SC 4 170 45 CL 5 245 &
CH 11 169 81 SCL 8 221 193
CL 16 150 125 SL 29 in 108
MH 9 148 83 S L 145 69
CL-ML 7 118 62 c 3 145 69
ML 7 104 89 SiCL 3 136 124
GM 1 89 =t L 23 124 91
SiL 5 99 L7

GS1iL 1 89 o

GCL 1 89 L

GSL ) 53 -

All soils 98 180 148 All soils 98 180 147

Low-Topography, Wet-Season Condition

SP-SM 6 234 18l s 9 301 267
SM 55 197 170 GSL 2 293 9l
sC 23 pRT 102 IS 22 230 164
CL-ML 2l 108 Th c 32 1 129
CH 100 108 90 SL 97 121 123
cL 187 102 60 L 98 119 116
ML 34 101 91 si 1 118 £
MH 33 90 57 CL 38 117 53
SM-SC 13 85 53 GSCL 1 116 =
OH 5 22 13 SiL 71 11 64
GCL 26 91 56

SiCL 46 8l 52

81C 39 78 54

GCL 3 53 -

A1l soils 480 121 111 All soils 483 120 111

Low-Topography, High-Moisture Condition

SP-SM 2 132 98 S 5 315 332
SM 22 129 114 LS 9 134 s
sC 11 113 106 CL 21 102 Lk
ML 17 100 Eg siL 21 9L L6
CcL 91 79 c 15 87 k2
CH 50 70 Ly L 50 85 69
MH 16 67 36 SCL 15 79 42
CL-ML 12 65 36 SL 38 75 82
SM-8C 3 L7 37 SiCL 29 66 33
OH L 2l pLn sic 27 53 35
All soils 228 86 81 A1l soils 230 86 81

Note: n = number of samples; X = mean or average; s = one standard deviation.
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| Table 4 s
a Mean and Standard Deviation Velues for USCS and USDA Soil Types
Sheargraph Shear Strength in psi at 10-psi Normal Pressure ‘
r \
’ UBCE N USDA___
Soil-to-8oil “Rubber-to-soil Soil-to-8oil Rubber-to-8qil
* Shear Shear ' Shear Shear
r _Ipe - ¥ s 1m X ype  n ¥ 3 1m0 X 5
- A i i i B e B S . e
High-Topography, Wet-Scason Condition
3' CL 4 8.8 1.23 L 7.45 0.8 SiL 1 9.00 - 1 7.30 ==
1 MH L 8.8 1.9 b 643 1.1 CL L 8.98 1.09 5 6.56 1.86 '
CH 2 8.k0o 0.28 3 430 1.2 L 8 8.94 1.ks 8 6.9 0.88
ML L 8,33 1.36 4 6.00 0.59 8ic 1 8.60 -- 1 5.7 - ‘
) CL-ML 3 8.13 1.95 3 6.70 0,9 8iCL 1 8.20 - 1 3.60 .-
| SM 11 7.61 1.00 1 5.2 0.7 SL 7 7.80 0.97 7 5.91 0.61 |
scC 2 7.20 0,99 2 5.90 1.13 1s 6 17.18 0.8 6 L4L.88 0.79 |
. SCL 1 6,50 - 1 5,10 - ‘
c 1 6.20 -- 1 5.00 - |
All soils 30 8.12 1.30 31 5.87 1,19 All soils 30 8.12 1,30 31 5.87 1.19 !
% Low-Topography, Wet-Season Condition 1
CH 18 8.07 1.24 18 5.73 1.k5 SCL 1 10.00 . 1 6,9 B e |
cL 4 7.77 2.13 ke 6.24 1,58 GCL 1 9.4 - 1 6,60 . ™ ~
| SM-SC 5 7.46 1.16 5 5.16 0.8 CL 10 8.36 1.9 8 6.43 1.13
| sC 3 7.27 0.65 3 5.8 0.7 siL 35 7.75 1l.62 3k 5,87 1.58
SM 31 7.23 1.46 31 5.25 1.04 SL y2 17.59 1.32 Y2 5,37 1.02
SP-SM 1 7.10 -- 1 57 - L 2k 7.15 2.22 23 5.51 1.27 4
ML 18 7.06 1.95 17 5.26 1,09 s 1 7.10 -- 1 5.70 =
CL-ML 8 6,7 2.39 7 5.34 1,28 SiCL 17 T7.04 2.28 15 6,25 1.65
MH 10 6,02 1.88 7 5.31 1,01 c 5 6,98 2,26 3 5.83 0.97
1 1S 12 6.33 0,64 12 4,98 0.63
. GSL 1 Loo -- 1 L.ko -
sic 2 3.65 2,33 1 3.30 =
All soils 140 7.39 1.88 131 5.66 1,35 All sofls 151 7.37 1.8% 142 5,64 1.32 ‘
Low-T 2'8) h-Moisture Condition
| d CH L 8.8 0.8 4 6.43 0.13 GCL 1 8.20 -- 1 7.0 -
CL-ML 4 7,00 3.36 3 5.57 2.61 SiL 10 7.53 2.66 9 6,02 1,66
SM 6 6.68 1.35 6 L4900 0.49 SL 5 6.86 1.36 5 L,62 0.92
CL 16 6,67 3.11 12 5.68 1.81 cL 5 6,84 3,54 3 5.17 3.00 |
ML 5 4.8 2,03 L 435 1.9 ¢ 3 6.33 3.00 1 6.0 == |
MH 3 3.80 1.8 - = = 18 4 s5.93 o0.77 4 4.3 0.5
L 11 5.93 2,06 10 L4L.68 0.92
SiCL 4 s5.23 4,09 2 6.70 0.h2 ‘
! sic 1 2.00 -- {
All soils 38 6.47 2.68 29 5,43 1.57 A1l soils Wk 6.43 2.52 35 5.31 1.46
]
|

! Note: n = number of samples; X = mean or average; s = one standard deviation.




Teble 5

Mean and Standard Deviation Values for USCS and USDA Soil Types

Moisture Content, % Dry Weight, O- to 6-in. and 6- to 12-in. Layers

USCcs USDA
6- to 12-1n. 6- to 12-in.
0- _to 6-in. layer r 0- to 6-in. Layer Layer
- e~ WO s n im 5 Dype n X s n X_ 8
| High-Topography, Wet-Season Condition
l SP-SM 1 1.0 - == .y - 1S 16 9.1 3.8 19 1.1 L6
' SM-SC 3 1.5 2,6 8 13.0 3.1 ] 5 8.5 1.0 5 12.2 6.7
| sM 39 12,9 6.5 o 13.4 7.3 GL 2 18.3 0.k 1 1k0 .-
| GC .- - -- 1 1.0  -- sC - - -- 2 1.1 85
- CL-ML 3 159 1,1 8 1s5.8 3.3 GSL 1 1.0 e 5 14,6 3.3
| sC 7 205 5.1 14 18,0 L5 GSCL 1 174 - - - --
, ML 13 190 59 1 186 8.2 SL 3 19.7 9.7 4 169 9.2
{ CcL 8 22.7 5.0 20 18.8 4.6 GS1L - - -- 1 17.2  --
, GM =< = = 1 22,k - SCL 5 19.9 9.8 8 18.8 b4
‘ CH 7 314 6.0 ik 30.9 5.4 GCL o -- o= 2 19.4 4,2
MH 17 k1,6 8.5 ik 39.1 8.3 L 17 27.5 i3.6 27 23.8 1.5
| SiL 10 33.4 10.2 6 245 8.2
‘ i ¢ 2 23.3 10.3 6 28. 8.3
; CL 8 28.5 1.3 7 29.1 9.7
sic 2 31.8 L, 2 31.1 3.k
f , sicL 1 35,4 = 4 137, 6.1
t All soils 98 21.5 12.2 140 19.6 10.4  All soils 104 21.1 12.0 138 19.5 10.3
I Low-Topography, Wet-Season Condition
& GC - .- -- 1 12,6 -- s 28 15.5 5.7 37 1.6 L7
SM 58 15.5 6.5 90 15.6 6.1 GSCL == — L 2 15.4 k.0
CL-ML 11 9.9 3.6 Lo 16,1 5.1 GS1CL -- -- -- 1 5.7 --
SM-SC 7 17.5 10.2 20 16,2 L4 GSL 2 16.9 2.1 L 16,1 4.2
SP-SM 1 18. .- 9 16.h 7.3 GL -- - -a 1 17.5 --
sC 10 17.1 5.9 34 18.5 9.9 GCL 1 17.4 .- 4 18,0 8.4
ML 52 22,2 10.0 k9 18,5 6.9 s 4 15,5 11.8 14 18.3 7.3
CL 8t 23.4. 7.0 231 22,5 7.3 SL 83 18.0 8.5 139 18.3 12,0
pe CH 50 36.6 10.8 113 35.5 15.8 SCL 3 252 16,3 3b 18,5 L5
MH 26 46,0 20.4 3 . 45.8 20,5 L 56 25,9 16,2 118 22,7 12.5
! OH 8 66,2 20.1 6 93.4 1.9 siL 79 28,5 12,7 93 27.1 12.8
‘ . CL i 31,6 15.3 51 27.5 19.6
c 22 39.0 13.4 39 32.6 7.9
st 4 23.8 8.0 2 33.5 12,6
SiCL 32 31.7 10.6 50 34.¢ 17.7
sic 19 u48.7 18,2 35 L2, 19.4
All soils 304 26.5 15.2 627 2L.5 15.0  All soils 347 26,4 14,8 624 24,6 15.0
f Low-Topography, High-Moisture Condition
CL-ML 7 21,2 4.6 16  17.9 k.7 1S 8 18.3 6.9 12 18.3 5.1
| SM 16 166 6.1 30 18.0 5.5 SCL - - -- 15 18.3 5.0
SM-SC 1 16,6 -- 4 20,0 5.0 GCL 1 17.4 .- = E =
? sC 2 200 7.0 12 20.7 3.8 GSL — - -- 1 204 --
! ML 25 242 7.7 17 22.0 8.3 SL 25 19.9 5.3 L 22,6 16.9
| SP-SM 1 16.8 -- 2 24.6 2.3 si 1 17.7 -- st ae 5.
f cL 35 26.4 5.5 93 24.8 7.0 ] 3 17.0 13.4 6 23.1 5.9
CH 18 L4.,3 12.8 44 39,6 15.7 L 30 24,4 6.0 53 243 1.7
MH 13 W69 19.9 iy 52,7 27.3 SiL 18 27.9 7.9 21 26,0 9.0
OH L 69,6 12.9 L 92,3 1k.9 cL 12 33.2 13.7 22 28.4 12.5
c i h.3 15,4 16 34,0 7.1
SicL 12 38.1 13.4 26 139.4 2.7
: sic 16 52,7 18.1 23 Lo, 21,8
1 All soils 122 30.3 15.7 236 28.5 16.8  All soils 140 30.3 15.1 236 28.5 16.8

Note:

n = number of samples; X = mean or average; s = one standard deviation.
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Mean and Standard Deviation Values for USCS and USDA Soil Types

Table 6

Dry Density, 1b per cu f£t, 6- to 12-in. Layer

PN M S ey en as SR eee e Bes werm e tie s eppers

e b T .

- Pe—

UScs “USDA
Type n X 8 Type n X 8
High-Topography, Wet-Season Condition
SM-SC 5 112.2 8.2 GSL 3 109.5 13.2
GC 1 104.8 -- GL 1 104.8 =
ML 3 102.0 2.7 SL 27 102.7 5.8
CL-ML 8 101.3 5.8 S 5 96.1 8.8
SM 37 98.3 6.5 L 14 98.7 5.0
CL 13 96.6 6.7 SCL 8 95.3 11.5
sc 9 95.8 11.1 GCL 1 94.6 e
GM 1 k.6 == 1S 14 ok L 3.0
CH 5 g2.k 6.6 SiL 1 91.8 --
MH 7 75.1 10.9 c 2 85.6 2.0
SiCL L 79.1 10.7
CL 6 78.9 12.1
sic 2 75.5 1.7
A1l soils 89 9.2 10.9 A1l soils 88 96.0 10.6
Low-Topography, Wet-Season Condition
SM-SC 12 101.9 5.1 GSiCL 1 117.3 --
sC 13 100.3 7.5 GCL 1 10.k  --
SM 48 99.5 7.7 GSCL 1 107.9 ==
CL-ML 23 99.L4 8.4 GSL 2 103.4 13.5
ML 29 97.7 7.9 SCL 23 100.5 7.2
CL 135 97.1 8.2 SL 72 99.9 7.6
SP-SM 6 92.0 5.7 IS 22 98.9 5.0
CH 54 80.5 10.3 L 73 97.3 10.h4
MH 8 69.9 10.5 CL 26 96.5 6.5
OH Y 47.7 k4.7 SiL 22 94,2 7.9
' S 10 90.9 5.4
SicL 21 85.4 15.4
c 25 79.6 7.5
sic 32 77.4 14,2
All soils 332 93.9 12.h4 Al11 soils 331 93.9 12.k4
Note: n = number of samples; X = mean or average; s = one stendard
deviation.
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Table 7

Mean and Standard Deviation Values for USCS and USDA Soil Types
Specific Gravity, 6- to 12-in. Layer

a4

( USCS USDA __
i T_Type I x 5 Sype _____m_ X 8
High-Topography, Wet-Season Condition
GM 2 3.10 0.28 GL 5 2,97 0.28
r GC 1 2.96 o= GSCL 2 2,91 0.37
MH 12 2.77 0.11 GSL 8 2.9 0.30
, sC 15 2.77 0.2k GCL 2 2,81 0.15
SM-SC 12 2.71 0.20 SicL 2 2.77 0.11
; CH 12 2.69 0.06 CL 7 2.75 0.1l
CL 18 2.68 0.03 L 19 2.69 0.06
SM Lo 2.65 0.10 GSilL 1 2.68 S
ML 7 2.6l 0.02 sic 2 2.68 0.02
CL-ML 3 2.6k 0.0 SiL 5 2.67 0.08 .
SL 39 2.65 0.07
C 6 2,65 0.05
S I 2.64 -
L 1S 18 2,63 0.02
SCL 5 2,63 0.03
All soils 122 2.70 0.1k A1l soils 122 2.70 0.14
L . Low-Topography, Wet-Season Condition .
CH 86 2,68 0.07 GSicCL 1 3.00 - i
SC 20 2.67 0.11 GL 2 2.98 0.23
MH 34 2,66 0.08 GSL 5 2.79 0.11
CL 128 2,66 0.06 GCL 3 2.76 0.05
CL-ML 2 2.65 0.0k4 GSCL 1 2.73 --
SM 65 2.65 0.07 si 2 2.71 0.03
SP-SM L 2.65 0.06 sic 25 2.71 0.04 +
SM-SC 8 2.65 0.05 CL 26 2,68 0.05
ML 33 2.64 0.05 ¢ 26 2,67 0.07
OH 6 2.61 0.18 SCL 13 2,65 0.03
SiCL 36 2.65 0.08
SiL 79 2.65 0.07
L 65 2.65 0.07
' S 8 2.64 0.05 .
LS 28  2.64 0.02
i SL 87 2.6k 0.0k
- A1l soils 408 2.66 0.07 All soils Lot 2.66 0.07

Note: n = number of samples; X = mean or average; s = one standard
i deviation.
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Teble 8
Soil Trafficability Classification in USCS Terms
{
St’mh Measurements Vehicle Category
Surface [ 1] 2 { 3] 4] 51 6 ] 7
] g;’;i Stﬂ"“‘h* o Vehicle Cone Index
F“‘“mw——ﬁ—ﬁ_ﬁ 3 DO $ o0 g 60 80 100 120 140 160 180
f T T T T | T T T T T T e x x . S
High-Topography , Wet-Season Condition
oW, @ __ - . . - -
SW, SP
SP-8M  -- - - -- -=  195-2n5%
M k62tt o.51tt - --  Bott Bi.27ht \ aM :::;:::-'-'.:-:-.-:-:-:-.-' A o
M 269 1.32  5.24 T.61 227 61-300+ M b ae b !
sM-8C 378 0.98tt --  -- 170tt 100-198t
GC 6171t o.b5tt .- -- 253ttt  90-23u4t
sC 286 0.94 5.90 T.20 221 80-300+ .
CH 205 1.04 k.30 8.40 169 T1-278 s
' Mi 179 1.02  6.h3 8.88 148 k.29l
CL-ML 135 0.83 6.70 8.13 118 57-243
258 0.8 7.45 8.88 150 56300+

30k 0.69 6.00 8.33 104 50-293t

Low-Topography , Wet-Season Condition

GW, GP  __ 3 . . . -
SW, SP
SP-SM 193 1.31 5.70 7T.10 234 66-300+ e
R M - - - -- - 46-300+t
sM 282 0.89 5.25 T.23 197 27-300+
GC hiott - -- -- - 42-269t .
sC 264 0.77 5.83 7.27 144 38-300+ {
CL-ML 313 0.57 5.34 6.76 108 35-300+ : \
CL 209 0.71 6.2k T7.77 102 42-185 e : : '
L. cH 138 0.88 5.73 8.07 108  38-18¢ :
MH 125  0.79 5.31 6.02 90 35-148 . .
SM-8C 250 0.51 5.16 T.46 85 33-146 % 0
ML 303 0.5  5.26 7.06 131 15-300+ ML [ 22
OL - . .- -- N 1k-501 oL %
OH 31 0.62 - - 22 11-k6 Ol |
Low D & High-Moisture Condition
GW, GP :
s, T - - - =" - i
SP-8M 100t 1.22tt ~--  -= 1321t kW6-27ht 2 o
6 e . e e - o2t : :
sc 167 0.6k - -- 13 31-210 AR IR
(] - - = = 26-217t ’
3 200  0.73 4.90 6.68 160 20-300+ 2 .3:.' |
sM-sC  2ug?t o.3utt o - 7tt  30-145t el :
CL 127 0.65 5.68 6.67 T9  39-128 RS
ML 257  0.h3  h.35 L.84 100 8-300+ babild
CL-ML 266 0.2 5.5T 7.00 65 2499
'H 116 0.66 -- 3.80 67 33-13h
CH 9% 0.79 6.43 8.85 70 26-125
oL = - s e a- 10-46t
oH 35tt 0.65tt -- - 2btt  8-hot Qi B
Note: Vehicle category and cone index range are given in paragraph 52.
# Sheargraph soil-to-rubber (S/R) and soil-to-soil (5/8) strength in psi for a normal load of 10 psi.
#% Excluding lowest 10% and highest 10% of all RCI values.
t Estimated from textural, plasticity, and organic properties of c~il under given moisture condition.
1t Based on analysis of less than five samples. s
t A vehicle with a vehicle cone index of 50 would have a 75-90% chance of "go" on a CL soil of low-topogrephy, wet-season condition. g i
l
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Table 8
[ Soil Trafficebility Classification in USCS Terms
Vehicle Category
S I L 3 ) k1 51 6 | i J
o it e Soloe-InAeN . . \
20 ko 60 80 100 120 140 160 180 200 Legend T e e .
T T T T T T T T T T T T T T T T T T 1 E
High-Topography , Wet -Scason Condition Probability of Vehicle "Go'
on Level Terrain ki
av, P M
oW, 8P
} . SP-S; : D Excellent, greater than 90%
e Good, 76 to 90%
A Y,
Fair, 50 to T5% ‘
/ m Poor, 10 to L9%
. No go, less than 10% &
l'_"‘ Good reliability, based on
analysis of date
GW, GP ~ Fair reliability, based on
4
o, &P [ Judgment |
2 / //// e
X
'I
. ; R X ) ¢ xxx‘x'
. 4
3 : SRR
) W ! SOOOOOOC
L
- ] I
3 !
Low.T High-Moisture Condition
oW, GP
B, BP
A
. '¢=
R
.
i b | x
- 4
(REL
At e e
e O X,
S AT
L
paragraph 52,
S) strength in psi for a normal load of 10 psi.
8.
erties of soil under given moisture condition.
* a 75-90% chance of "go" on a CL soil of low-topography, vet-season condition.
’
o
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Tedle 9
Soil Trafficebility Classification in USDA Terms

{
Strength s Vehicle Categor:
asia mo .1 1] 2 L3 L &1 5] 6 . c . T
ml ci RI M“mm%mww 36— 178} ) e ‘1,:. - ko 160
Ombel 2 A _— =T T e aay T T T T ﬁ}p Y }\ 7 2 ¥
“MI Wet -Season c«lutiz
S(fn) 153  1.03t .- -- 145t 160-300+tt X
cL 278 1.19 6.56 8.98t 245  1L45-300+ cr.‘.; ’
LS 301 1.62 ]‘.88 7.18 325 &_m LB ..uua'-'-'u'o‘o‘.‘o'c'c:o'o'-'o’.:-'.'.uou'u'oo'o’c'o'-’o'o'-'.'-'c'.'o'-‘u":
8L 26k 1.06  5.91 7.80 171 k8-290 s s 2
c 171 0.90t 5.00t 6.201 W5t  T8-290 1 [ :
sc sut - - e= == T3-2051t 0 %
5CL 199 0.95 S5.10t 6.50t 221 68-300+ 80L .
sicL. 1881 0.89t 3.60t 8.20t 136t  6k-2051t BACL g
s1C 252t 1.16t 5.70t B.60t 27TMt  60-2101t B10 P
L 218 0.83 6.h9 B.9% 12k  55-170 P R
81L 210 0.92 T.10t 9.00t 99 52-156 sin B 030
81 - - e == a= k81501t Bl
Low-T Q) Wet -Season Condition
S(fn) 20  1.34  7.50t 7.10t 301  UB-300+ 5(fn) [
LS 250 1.07 k.98 6.33 230  80-300+
CcL 229 0.75 6.43 8.36 11T  53-185 oL P G o
c 184  0.87 5.83 6.98 11 U8-300+ [\ e ” .
8L 210 0.83 5.87 T.75 111 50-209 siL e e SRR
81 11t 0.8t  --  -- 118t  48-204tt Bi X, - ’ :
L 221 0.69 .51 T.15 19 38221 L T et o :
8L 252 0.65 5.37 T.59 121 20-293 8L : : 3 ﬁ : e .
el =5 e - == == lo-205t¢ sc y s
SCL 195 0.6k  6.90120.00t 91 35-201 80L * s :
sic. 15k 0.7 6.25 T.0h B4 33-128 s . T
sicC 97 0.76  3.30t 3.65t T8 20-151 s1c 5 : .
Low-T <Moisture Condition
1S 208 0.86 k.73t 5.93t 134 39-300+ LS, 90F probabllity iy
cL 158+ 0.73  5.17t 6.48 102 45158 oL ey ility Fummt;ri
8iL 190 0.78 6.02 T.53 9% 53-149 8iL oo 3
e o RS :
c 122 0.75 6.40t 6.33t 87 45-1k5 o % § i 5
sc - .- - == - 38234t X RS
sCL 123  0.60 e == T9 37-126 eiesee ot g
L 167 0.59 b.68 5.93 8 33135 : Sooon
s 207 132 - == 315 32120 8(m) o : :
S8iICL 105 ©0.71  6.70t 5.23t 66 25-105 gL o - b §
SL 178 O.AT k.62 6.86 T5  9-22L 8L SR
s1ic 76  0.68 -= 2.00t 53 15-101 8io i o 2 sy, .

Note: Vehicle category and cone index range are given in parsgrasph 52.
# Sheargraph soil-tz-rubber (8/R) and soil-to-soil (8/8) strength in psi for & normal load of 10 psi.
#+ Exciuding icvest 10% and highest 10% of all RCI values. 4
t Brsed on snalysis of less than five smmples.
tt Fitimated from textural, plasticity, and orgenic properties of soil under given moisture condition. L
t A vehicle with a vehicle cone index of 50 would have a 50-T5% chance of "go" on an SL soil of lov-topography, vet-season condition.
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Table 9
Soil Trafficability Classification in USDA Terms

Vehicle Category
|| 2 ] 3 | w51 6 | 1

Vehicle Cone Index
20 Lo 60 80 100 120 140 160

__Legend

1 T 1 J T 1 I T ¥ 1 I J T v 1 T

High-Topogrephy, Wet-Season Condition

l o
m E:‘ t't:t:. bd :
L -‘ “ i Xl
8L e o 0%%0%0 0% 2000
p_¢ P 4 o .
l g1 S RRRRRIILLLLL
¥
i 2 *
X X
|
e
1 [P e R
BI Eta e . -': sl ' s o
o R w R * . x
LI .I.I.I'I.I.G.I-‘ . X -
0 LR 7 R '
r m :‘:“,, LAY . % ) -l
-'a--"'-_.';' M 4 Py
B10 -
Low-T High-Moisture Condition

//o- . KRR
y s ’ S XXX nln '.E’:K SN
B(fn) _' o, o%eatets nl ."
' o x/ R X "non::: &
w - @

Probability of Vehicle "Go"
on Tevel Terrain

Excellent, greater than 90%
Good, T6 to 90%

Fair, 50 to 75%

Poor, 10 to 49%

No go, less than 10%

Good creliability, based on
analysis of data

Fair reliability, based on
Judgnent

M MNBENED

in paragraph 52.
#1 (8/8) strength in psi for a normal load of 10 psi.

values.
#‘ properties of soil under given moisture condition.
have a 50-75% chance of "go" on an 5L soil of lov-topogrephy, wet-season condition.




Table 10
Procent Probability of "Go" for Tracked and Wheeled Vehicles on Level and Slo

— Vehlcle Category 1+ Vehlcle Category 2 Vehicle Category 3 Vehicle Catego i

No. VCI Range 20-29 VCI Range 30-49 VCI Range 50-59 VCI Range -69
Soil Tracked Wheeled ~Mracked . T Tracked Wheeled Tracked Wheelea

Type Sam- Slo Slo S1 Sl Slo 31 Slope Slo;
Smbol ples T EIP'_QE B T _15%'5_5 2_1'.5%15_5 _Iéﬁ_“_b 2_1'5%_‘5 = 15%35 ° EE&E )y I5§

. High-Topography, Wet-Season Condition

g’ zg} 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 1C
’

SP-a4t 0 100 100 170 100 100 100 100 100 100 100 100 100 100 200 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 IC

oMt 1 100 100 100 99 100 100 100 95 100 100 98 9% 100 100 96 90 98 93 90 98 95 92 8 95 93 90 8 95 92

™ 32 9T 96 95 93 97 9% 9% P& 95 94 92 B6 95 94 9ott T8 92 & 78 92 88 8. 73 88 83 78 T4 88 &

M-St 4 100 100 100 100 100 100 100 100 100 100 100 98 100 100 100 95 100 97 9% 100 9 9% 91 99 9T 95 92 99 9%
96 9% 9% B89 96 94 93 90 96 9
90

9 ¢

89 1

9 S
act 1 100 100 100 99 100 100 100 96 100 100 99 100 100 97 93 9 97 95 92 9 S
sC 1¢ 100 100 100 97 100 100 100 90 100 100 100 100 90 90 9% 90 90 90 oS4 90 90 90 90 90 90 90 N W ¢
cd J1 10C 100 100 98 100 100 100 91 100 100 95 91 100 100 91 82 95 91 91 B2 95 91 8 82 91 69 82 82 91 87 ¢
M 9 100 100 100 95 100 100 100 T8 100 100 88 78 100 100 T8 7 8 118 1718 5 88 18 T8 66 T8 T8 T8 66 718 718 {
CL-ML 7 100 100 100 96 100 100 100 86 100 100 92 86 100 100 86 70 92 8 8 TL 92 8 3 7L B B2 TL TL 86 719 I
cL 16 100 100 100 92 100 100 97 82 100 95 91 80 100 9k 88 63 91 86 T6 61 91 83 69 S0 82 Th 63 sS4 8 TL ¢
MLt 7 100 100 100 87 100 100 99 68 100 95 B3 65 100 92 75 50 83 T2 61 48 83 69 55 4 68 59 50 42 68 56 !

Low-Topography, Wet-Season Condition

™, GP} U 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 130 100 100 100 100 100 1

SW, SP
SP-sM 6 100 100 100 100 100 100 100 91 100 100 100 88 100 100 100 83 100 98 83 83 100 93 83 83 91 83 83 83 91 83
oMt - 0 100 99 9% 8 200 98 91 T8 9% 90 8 TI 9% 8 B 72 8 8 T5 T2 8 T9 T 69 T8 T5 T2 69 T8 TH !
M 55 91 87 B0 T6 91 8 78 T2 BO TT T5 71 B0 T6 Th T 79 73 T1L T0O 75 T3 TT 66 T2 T T1L 68 T2 11
act 0 100 98 91 82 100 9 8 7T 91 8 B0 T3 91 8 76 69 80 75 T2 69 8 T TL 65 T+ T2 69 66 T TL !
sC 23 100 97 87 T8 100 9% B3 T2 87 8 TT TL 87 80 T4 69 TT T3 69 68 T T2 69 61 T2 69 69 61 T2 69
CL-ML 24 96 91 87 T6 96 9 8 73 8 T9 T T3 8T T T3 69 T+ 73 T3 66 T+ 73 TL 48 T3 T2 69 5L T3 L |
CL 187 98 96 92 80 98 95 8 70 92 8 TT 69 92 83 73 ST TT 12 67 55 T T 62 k5 TO 65 57 M8 T0 63
i 00 95 93 89 T8 95 92 84 65 8 8L T6 62 87 B8 Th 52 76 69 59 50 76 €5 55 W4 65 SB 52 L6 65 56
M 33 95 92 88 73 9 91 B3 57 88 8L 68 56 8 719 60 b5 68 59 54 44 68 58 50 3/ 57 52 45 31 57 51 ]
SM-SC 13 92 91 B85 T4 92 8 8L 54 8 T9 65 5S4 8 718 54 b6 65 54 S5 45 65 5% 50 38 54 52 L6 38 Sk 51 |
ML 36 8 T9 69 65 8+ 77 68 57T 69 68 62 56 69 67 58 4y 62 58 55 4 62 ST 50 43 ST S3 4T W4 57 sS1 |
OLt 0 4 3} 23 6 45 32 12 0 23 14 2 0 23 11 o© o 2 0 0 0o 2 0 0 0 o o] o] O 0 o i
OH 5 31 20 2 0 31 2 12 0 20 8 0 0 2 5 o0 o 0 0o o o o0 o 0 o0 o0 o0 o0 o o0 o

Low-Topography, High-Moisture COnditigﬁ

g:l: g;} 0 . 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 1
SP-SMt 2 100 100 97 B84 100 100 91 T4 97 90 B1L T3 97 8 15 69 €1 75 T2 68 81 Th T1 64 T4 T2 69 65 ™ T
GCt 0 100 98 90 T8 100 9 8 T2 90 83 75 T. 90 8 T3 67 75 T3 T0O 67T 15 12 69 63 T2 T0 47 63 T2 69
sC 11 95 83 82 60 95 BT T3 45 B2 69 55 45 82 66 45 ks 45 45 45 45 45 45 U5 W5 U5 45 45 45 45 U5
oMt 0 92 8 T8 T2 92 83 T 67T B ™ TL 66 T8 T3 69 61 T1L 68 65 60 T1L 6T 63 56 67 64 61 5T 6T 64
™M 23 B8 8 T4 68 8 8 TL 6 T TO 67T 65 Th T0O 65 65 6T 65 65 64 67 65 65 57 65 65 65 59 65 65
M.sct 3 9% 8 B8 69 9% 87 1715 59 8 T 67 57T B0 T2 63 bt 67 61 54 L6 67 59 50 39 59 53 4T LO 59 51 o
cL 91 96 93 8 T3 9% 92 8L 60 8 T9 TO 58 89 T6 65 b2 70 63 55 K T0 61 49 25 60 53 42 28 60 50
ML 1T 80 T 65 63 8 TL 65 55 65 65 61 5k 65 65 58 41 61 57 53 WO 61 56 47T 32 55 51 41 3w 55 U8
CL-ML 12 87 75 75 63 87 715 TL 4k 15 69 59 38 75 68 350 33 59 46 33 32 59 43 33 17 k2 33 33 22 k2 33
MH 16 9T 92 82 64 97 B9 T5 35 8 T3 55 33 82 T W 19 55 36 31 19 55 35 25 19 35 29 19 19 35 26
cH 50 91 87 78 Sk 9L 8 68 45 T8 6% 52 43 T8 60 L8 30 52 47 ko 29 52 15 35 24 k5 38 30 25 45 37 1
ot 0 43 32 20 0 43 29 1N 0 20 8 0 0 20 6 0 0 (o} 0 o] 0 0 0 0 0 (o] o] 0 0 0

oHt b 35 23 1 o 3% 21 2 o 1n (o} 0 0 1 0 0 0 [o] [+] [¢] 0 0 o] 0 0 (o] 0 0 (o] (o} 0 i
# Probability of "go" based on median vehicle cone index within vehicle categories 1-6 and minimum vehicle cone index for category T. 1
## Probability of "go" for vehicles in category 7 equal to or less than given value.

t Soils with estimated probabilities.

tt Sample interpretation: A wheeled vehicle with a vehicle cone index in the range 30-49 has an 90% probability of "go" on an SM soil at 30% slope under high-topogr
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Table 10

2led Jehicles on Level and Sloping Terrain Classified in USCS Terms

Vehicle Ctstc%gry L4
VCI Range 60-69

Vehicle Category 5
VCI Renge T0-79

Vehicle Category b

VCI Range 80-99

Vehlcle Category TH¥

_ VCI Range 100 or Oreater

racked Wheeled

ography, Wet-Season Condition

~Tracked

L T Ty TR S Ty s T Y S Ty B T n e T

Wheeled

Tracked

wheeled

Tracked

~ Wheeled

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 ,100 100 100 100 100 100 100 100 100

5 93 90 8 95 92 89

8 83 T8 T4 8 8 177
9T 95 92 9 9% N

b6 o4 93 90 9% 9 9
0 9 9 9 9 9% 90
91 89 8 8 91 87 82
78 18 66 78 78 72

18
»66 82 TL 7L 8 719 T1
B2 T4 63 Sk 82 TL 60
68 59 50 kL2 68 56 46

sraphy, Wet-Season Condition

o

£00 100 100 100 100 100 100

91 83 83 83 91 83 83
7 15 72 69 T8 T T
T2 7L T1 68 T2 T1 70

Te T2 69 66 T TL 68
ra 69 69 61 T2 69 66
3 T2 €69 51 T3 1 61
1o 65 5T 48 10 63 53
65 58 52 46 65 56 49
51 52 b5 37 57T 51 k2
sk 52 46 38 5h 51 43
57 53 bt bk 57 5L 46
0o 0
0o 0 o0 0o 0 o0

boraphy, High-Moisture Condition

100 100 100 100 100 100 100

™ T2 69 65 T TL 68
72 70 67 63 T2 69 66

f 45 45 45 b5 LS kS 45

67 64 61 57 67 64 60
65 65 65 59 65 65 63
59 53 47 ko 59 51 44
60 53 Lk2 28 60 50 36
S5 SL 41 3 55 48 38
k2 33 33 22 L2 33 29
35 29 19 19 35 26 19
b5 38 30 25 45 31 28

83
T2
89
86
&
i

-

55
b
36

100
61

b5
52
50
33
18
30

19
17

92

TREERE

78
69
55

100

83
T
(e
(p!

71
62
55
50
50
50

100

7
69
L5
63
65
50
L9
k7
33
=]
35

90
78
S
92
90

~
C

75
71
61
48

100

€3
T2
()
69
68

55
50

b5
L6

100

69
67

E&EPESH

Lo
32
19
29

87
[

88

100
66

b5
58
61
L1
30
35
25
19
26

63
72
89
87
88
79

66
64
b
37

100

83
66
63
62
61,
b2
39
3%
29
38
41

100
62

ks
53
51
35
19
30

19
20

92

KL

78
78
69
55

100

83
T4
71
T
69
71
62

50
50
50

100

(!
69
ks
63

50
49
b7
33
25
35

89
i
9
92
%0
82
73
¢!
60
W7

100

83
o
70
68
66
62
5k
50
43

k6

100
€8

ks

65
45
3
39
30
19
29

86
73
91
89
90
82
66
(¢!
50
ko

100

83
69

65
61
48
ks
Ly

38
43

100

63
ks
56
57
39
25
32
17
19
24

8o
€8
86
8l
o
T2
66
a7
b1
33

100

73
63
59
58
58
ko
3
34
27

37

100

58
57
ks
48
k)
27
14
30

19
11

B

5
R
90
90
82
66
71

56
L3

85
73
91
88
90
82
66
n

48
39

100 100

83

65

61
46
L
b2
32
38
k2

100 100

62
hs5
5
5
38
23
31
b
19
23

RERRIIKREIR S

co&8BeyFT2P

100
61

b5
52
50
33
18
30

19
17

79
68
86
83
8o
12
66
22
39
3

100

62
58
58
57
39
30
33
21
33
37

100

87
75

92
90
90
82
66
T

56
h3

84
T2
%
88
90
82
66
TL
k6
38

100

83
67

63
61
43
k2
h
30
38
42

100

63
62
b5
sk
53
37
21
30
10
19
a3

81
T2

LESERISS S

100
83
65
62

61
42

36
27
38
39

75
65

2EE5
A8 IE8RE

L
38

100

9
56
53
52
38
24
21
21
15
33

Tl

38

100

83
67

63
61
k2
b1

30
38
42

100
63
61
ks
54
52

30

19
22

82
172
88
86
63
(]
66
50
by
35

100

83
65
62
61
61
4o

37
28
38
39

100

61
%9
b5
51
49
32
17
30

19
15

A3 ELREY

27
L1
33

100

13
63
59
58

FRLYWEY
co 8B RR BN

37

76
65
83

81
8o
66
56
4

38
30

100

g &

56
54

A8V L

SEF&3

T1

38

100

83
67

63
61
k2

®©8 &L

42

100

63
61
s

38 8A’Y ¥

13
22

81
12
87
85
81

78
65
85
83
80
T2
66
1
38
32

100 100

83
65
62

61
42
3»
36
27
38
39

62
56
51
56
38
29

27
K}
36

100 100

58
ks
50

kb
16
30

19
13

57
5

po 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 190 100 100 100 100 100 100

70
62
o
78
8o
54
56
1
3l
27

100

56
56
50
48
38
18
21
15
15
28

100

51
k9
7
39
35
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Table 11
Percent Probability of "Go" for Tracked and Wheeled Vehicles on d

1

Y

~ Vehicle Category 1* Vehicle Ca.tegoury 2 Venlcle Category 3 ~Venhicie |
No. VCI Range 20-29 VCI Range 30-49 VCI Range 50-59 veI R
Soil of Tracked Tnee & VWheeled Tracked 8 Wheeled Tracked Wheeled Tracked

B vl e o e e s s i e ' R ' e s

High-Topography, Wet-Seasol
1

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 10&

s(r )t 4
Ls 12 92 92 92 92 92 92 92 92 92 92 9 92 9 92 9 9 92 9 92 9 92 9 92 83 92 9 9% 83
SL 29 97 96 93 89 97 95 9L 83 93 9 8 8 93 9 8 T2 88 85 79 T2 88 83 T6 T2 83 18 T2 7%
cL 5 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 10Q
ct 3 100 100 100 97 100 100 99 93 100 98 96 93 100 98 95 90 96 S 92 8 9% 9 9 8 93 %2 9 8f
sct O 100 100 100 98 100 100 100 93 100 100 97 92 100 99 95 87 97T 9% 91 8 97 93 8 81 93 9% 87 83
L SCL 8 100 100 100 100 100 100 100 93 100 100 100 91 100 100 100 75 100 97 88 175 100 95 82 75 93 8 75 7T
sict 2 100 100 100 97 100 100 100 85 100 100 94 8 100 100 9 T3 9% 8 81 T2 M 8 76 €+ B8 T9 T3 62
sicLt 3 100 100 100 100 100 100 100 90 100 100 97 88 100 100 93 78 97 92 8 T 97 9 8 T0 90 8 T8 71
L 23 100 100 100 93 100 100 98 T9 100 97 90 T7T 100 9% 83 T0O 9 82 75 69 90 B0 T2 61 T9 T T0 69
SiL 5 100 100 100 91 100 100 100 60 100 100 79 60 100 100 60 60 T9 60 60 60 T9 60 60 60 60 60 60 60
sit 0O 100 100 100 80 100 100 95 69 100 91 75 68 100 87 T2 61 7175 70 66 60 T5 69 64 52 69 65 61 54
Lov-Topography, Wet-Seasor
s(rn) 9 100 100 100 89 100 100 94 83 100 91 8 8L 100 8 B8 T8 B &5 T8 T8 8 84 78 T8 83 78 T8 TS
LS 22 100 98 91 91 100 9% 91 91 91 91 91 91 91 91 61 91 9L 91 91 8 91 91 9 T5 91 91 9 T4
CcL 33100 99 97 9 200 99 9% 83 97 93 8 8L 9T 92 8 T 8 8 T9 73 8 8 T6 63 83 78 Th O
. ¢ 32 100 99 97 687 100 98 9% 75 97 91 8 T0 9T 9¢ 8 60 8 8L 66 59 8 T 63 S50 T5 65 60 5
SiL 7L 96 95 93 8 9% 95 9L T8 93 9. 87 76 93 90 8 62 8 Bott ™ 60 87 T9 68 k9 T8 T2 62 55
}“ L 98 98 ok 88 7T 98 93 B 67 88 B2 T4 6 8 8 70 S8 7H 69 63 57 Te 68 60 L8 67 62 S8 5
[ SL 97 87 83 716 65 81 82 T2 56 T6 TO 62 5 T6 €68 58 50 62 5T 53 49 62 56 52 43 56 53 50 “1
S1CL 4 94 90 87 6 9 8 T8 5T 87 T5 64 56 8T TL 61 41 64 59 sS4 4o 64 58 48 35 57T 51 Wl 3
i sct 0 100 95 9 8L 100 9% 8 TO 9 8 T9 67 9 83 T5 50 T9 Th 62 49 T9 TL 56 45 T0 60 50 U
SCL 26 100 9 8+ T3 100 93 8 61 B4 T8 T0 59 8 T 65 39 TO 64 S8 3B TO 63 4T 29 61 S+ 39 3
sic 39 87 8 T 59 87 8 67T 50 Th 65 5T 49 T4 63 51 36 57 S1 L4 35 ST S0 41 30 50 L5 36 3
} sit 1 100 100 100 85 100 100 9% 7L 100 91 81 70 100 88 75 59 8L T 67 58 8L T2 63 49 T1I 65 59 5
Low-Topography, High-Moist
Ls 9 100 97 8 8 100 95 8 89 8 8 8 8 8 8 8 89 B89 8 8 89 8 8 8 T9 8 8 &
CL 21 100 99 95 86 100 98 90 T8 95 89 8 T6 95 87 8 62 8 B T2 62 8 B 67T 57T T8 TO 62
SiL 20 97 95 95 92 9T 95 95 T3 95 95 & T 95 95 8 57 8 T8 6 52 8 T5 62 30 T3 6+ 57
sit 0O 100 100 100 82 100 100 91 67 100 90 79 65 100 8 T2 50 79 T0 61 k9 T9 68 56 k2 67T 59 50
1 c 15 100 100 100 T7 100 100 8 60 100 85 73 58 100 8 67 4 T3 6 53 45 T3 62 S0 37 60 52 46
sct 0O 100 97 8 76 100 95 8 61 8 8 T3 59 8 8 67 47 73 65 56 45 T3 63 50 37 61 53 47
SCL 15 100 97 87 76 100 95 83 60 87 B2 68 60 87 8L 60 33 68 60 60 32 68 60 6 21 60 56 33
L 50 95 91 8 65 9 8 TT sS1 8 T2 61 4 8 T0 55 Lo 61 S3 4 3% 61 51 43 23 51 M ko
. st 5 100 100 100 80 100 100 90 68 100 8 B8 64 100 83 8 60 8 T+ 60 6 8 TL 60 60 63 60 60
! SiCL 29 8 83 60 90 8 T2 4T 83 68 5T 45 83 64 52 28 57 S0 k2 25 ST 48 35 1 47 39 28
26 4o 30 28 24 30 28 26

90
‘ SL 38 T7T 67 60 L4 T7T 65 Sh 30 60 S51 4O 30 60 49 32 26 Lo 3N 29
: sic 21 8 T 5 35 81 T0 48 30 59 43 33 30 59 39 30 15 33 30 30 15 33 30 22 13 30 27 15

Probability of "go" based on median vehicle cone index within vehicle categories 1-6 and minimum vehicle cone index for category T.

#*  Probability of "go" for vehicles in category T equal to or less than given value.

Soils with estimated probabilities.

Sample interpretation: A tracked vehicle with a vehicle cone index in the range 50-59 has an 80% probability of "go" on an SiL soll at 15% slope und
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cs on Level and Sloping Terrain Classified in USDA Terms !

hicle Category 5 Vehicle Category 5 jehiole Eaiggory 6 Wehicle g;gegorg 'ﬁf i

WCI ng_ Wheiled VCI Renge 70.7311;:1& —'Frgikc . ”Whezlcd ﬁ;}oed . = ;:g:].:d §

S ove

hﬁhﬁ%%rﬁﬁ_ﬁﬁ— T % n

'[;-Season Condition

Lroo 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 99

:92 83 92 92 8 83 92 91 83 83 92 88 83 83 R3 83 83 83 83 83 83 83 83 83 83 83 83 83 83 83

T2 72 83 77 72 72 76 T2 T2 T2 T T2 72 69 T2 T2 T2 68 T2 T2 72 66 72 T2 69 66 T2 T2 66 62 (

00 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

ko 87 93 91 8 83 91 8 87 8 91 88 8 8 8 B8 B3 B 87 B B8 T6 8 82 8 TT & 82 T9 67 (

87 8 93 8 8 78 8 8 83 719 8 8 81 73 8 8. T8 TL 83 B T6 €2 8 TT T3 6 8 T6 69 5k

75 75 93 83 T5 64 8 75 T5 T0 8 5 75 50 75 75 64 50 T5 T5 90 50 75 59 50 50 75 5S4 50 50

173 66 8 T T0 59 T6 T2 6T 60 T6 TL 64 53 67 63 S9 52 67 62 56 46 61 57 53 M7 61 56 50 M .

78 T1L 90 83 75 64 8 TT T2 65 8 715 69 58 T2 68 64 57T T2 67T 61 50 67 63 S8 52 67 62 56 45

70 63 T9 T3 67T 53 T2 69 65 55 T2 68 61 k2 65 59 53 39 65 58 48 31 57 51 k2 32 5T 49 35 26

6o 60 60 60 60 51 60 60 60 56 60 60 60 4o 60 60 51 4o 60 60 4 20 60 48 4o 26 60 43 Lo 20

61 Sk 69 64 58 W6 64 60 55 4B 64 59 52 38 55 51 W6 36 55 S50 k2 26 S50 44 3B 28 50 k2 P 18 ’

'.r-Season Condition

7 7 83 18 78 78 78 718 718 78 T8 78 78 T2 78 T8 78 70 78 78 78 67 T8 T8 T2 6T T8 79 67T 67 [

9L 79 91 91 8 T3 91 89 8 T3 91 8 T5 T0 8 T3 T3 69 8B T3 73 68 T3 T3 T0 68 T3 T3 68 68 !

™ 66 83 TT TL 53 T6 T3 68 55 76 T2 63 43 68 60 53 4L 68 59 48 M 58 50 43 36 58 48 39 2k {

M 53 75 64 S8 k2 63 59 56 43 63 S8 S0 4o 56 T k2 ko 56 45 4O 31 44 41 ko M M 4 Lo 28 |

62 51 T8 T0 56 4 68 60 52 45 68 58 49 37 52 48 b2 37 52 W7 39 27 k6 k1 31 29 46 k0o 35 25 (

58 50 67 61 55 42 60 57T 52 43 60 56 48 39 52 46 42 38 52 45 b1 30 44 L2 39 32 4 41 37 25 .

50 44 56 52 47 k1 52 49 W4 k2 52 48 43 38 4k 43 kL 37 W+ 42 40 32 h2 4O 38 33 42 kO 35 30 |

b1 36 57 50 39 29 48 40 37 31 4 39 35 23 371 3F 29 21 37 33 26 9 32 28 23 1 3R 26 19 9 ‘

50 46 T0 ST 48 42 56 49 47T 43 56 48 45 39 47T W4 42 38 47 4 4O 3l K3 41 39 35 43 4o 37 31

3 32 61 50 36 23 k7 38 3% 23 47 37 29 23 3P 26 23 23 H 2 23 22 23 23 23 23 23 23 23 23 !

36 32 50 42 3% 210 4 3 33 24 41 35 30 18 33 28 21 18 33 26 18 15 25 19 18 16 25 18 18 13 J

50 50 T1 64 55 45 63 58 sS51L 46 63 56 49 42 sS51 4B 45 41 51 48 k4 37 47 45 42 38 47 W ko 33

I

h«Moisture Condition

; 39 8 8 8 8 60 8 8 89 63 8 8 T9 50 8 T2 60 47 8 69 55 4 67 S8 S0 4 67 56 M

62 60 18 68 62 43 67 62 62 49 67 62 57T 31 62 55 43 30 62 S5k 33 19 52 39 31 2 52 35 28

r 5T 3% 73 62 46 2 62 52 37 24 62 49 30 24 37 28 24 24 3r 25 24 19 24 24 24 20 24 24 24

50 4k 67T 5T M7 31 56 49 45 38 56 48 k2 31 45 b1 37 30 45 kO P 23 39 35 31 25 39 3k 29

4 39 60 51 b 27 50 45 ko 30 50 4 371 20 40 35 27 20 4O W 20 20 33 24 20 20 33 22 20

4T 39 61 51 44 30 50 45 L0 32 S50 M4 37 2% 4O 36 30 23 4o 3y 27 W 3% 29 24 16 3P 28 21

33 26 60 51 30 13 4 32 27 13 4 31 21 13 27 18 13 13 27 16 13 T 13 13 13 9 13 13 13

40 25 51 43 32 19 43 36 26 19 43 3% 23 17 26 22 19 16 26 21 18 12 20 18 17 13 20 18 16

00 60 68 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60

28 16 47 3 23 10 35 25 1T 10 35 24 1% 8 it 13 10 8 17 1 10 3 10 10 8 S5 10 10 7T

%6 24 30 28 25 24 28 26 24 24 28 25 24 21 24 24 24 20 24 2b v 18 24 24 21 18 24 24 18

15 1% 30 24 15 T 22 15 15 9 22 15 13 & 15 12 7 4 15 1 & k¥ 11 6 L & 1 4 &

ope under low-topography, wet-season condition.
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APPENDIX A: SOURCES OF DATA AND DETAILED PROCEDURES
USED TO OBTAIN DATA

l. The soil and site data pertinent to the soil trafficability clas-
sification analyses are presented in'tables A1-A6. These data were obtained
in six different programs conducted durir;g the period June 1962 through
November 1965 in Thailand. Soil data included are texture, Atterberg lim-
its, USCS and USDA soil type, organic content, and specific gravity. Traf-
ficability data included are moisture content, density, depth to water
table, and strength, i.e. cone index (CI), remolding index (RI), rating
cone index (RCI), and sheargraph cohesion, adhesion and tan yf values, for
wet-season and high-moisture conditions. Site data included are geographic
locations furnished on Army Map Service map sheets and mil:@tary grid co-
ordinates, topographic class, topographic position, slope, vegetation, and
land use. The general locations of the sites are shown on a map of
Thailand in fig. 4 of the main text.

2. In tables Al-A6, the trafficability data for the wet-season con-
dition are the data obtained during one visit to a site or an average of
data for two or more visits during the wet season, as ncted in the tables.
At some sites the RI and, consequently, the RCI could not be determined on
some visits because of the firmmness of the soil. In determining an aver-
age RCI for a site which was visited two or more tines, the CI data used
were those for which RI measurements were available. Data for high-
moisture conditions (water table 18 in. or less from the surface) for all
trafficability parameters except sheargraph are usually for one visit.

If this condition occurred on more than one visit, the data presented in

the tables and used in the analyses were for the day of lowest RCI. Shear-
graph data are listed under the high-moisture condition only when the water
table was at the surface or free water was above the surface. ‘

3. The following paragraphs are groupe:. according to the six sources
of data and contain a detailed discussion of +ampling techniques, number
of visits to a site and number of measuremer’'s taken during each visit,
number and geographical locations of the sites, and other important features
of the test programs relevant to the data for each of the sources.

Al
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Preliminary Survey Study

4. A preliminary study2 was made in Thailand to provide guidance for
& planned, long-range research i)rogra.m to develop new methods and apply ex-
isting methods for measuring and predicting in quantitative and semiquan-
titative terms the effects of envirommental factors on ground- vehicles op-
erating in Southeast Asia. Data were obtained from 202 sites visited dur-
ing the period June-October 1962 by a team of specialist engineers, phys-
ical scientists, and technicians. The test sites were concentrated pri-
marily in four geographic areas: the lower Chao Phraya Delta, the Bangkok
Plain, the Khorat Plateau in south-central and eastern Thailand, and the
Chiang Mai Basin in northwest Thailand. Also, some of the sites visited
were located in the southeastern coastal plain. One visit was made to each
site. The data collected for the preliminary survey study from 165 sites
that are pertinent to this trafficability classification study are presented
in table Al.
Soil and traf‘ _cability data

5. At each test site, 10 CI penetrations were made in an area approx-
imately 10 by 20 ft. For each penetration, CI was measured at the surface
and at 3-in. vertical increments to a depth of 18 in., and then at 6-in.
vertical increments to a depth of 30 in., when possible. When soil condi-
tions permitted testing, RI was measured at each site for the O- to 6- and
6- to 12-in. layers. In some instances remolding index was measured for

the 12- to 18-in. layer. Soil samples were taken for moisture content-
density determinations for the same soil layers mentioned above. Represen-
tative bulk samples were taken from the O- to 6- and 6- to 12-in. layers
and occasionally from the 12- to 18-in. layer for laboratory tests. Samples
were taken in an area approximately 1 ft square.
Site data

6. The site data obtained included geographic location of the test
site, topographic position, slope, land use, vegetation, depth of soil,
surface-water depth, and depth to water table. An attempt was made to
sample & wide range of conditions and soil types with emphasis on testing
the lowest and wettest areas on the assumption that the test results would
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give some insight into the maximum moisture contents and minimum strengths
that various soil types would exhibit during the peak of the wet season.

Trafficability Classification Study

7. Data collected for the trafficability classification study were
obtained from 246 sites visited during the period fugust-October 1964 by
a WES soil-trafficability team whose objective was to provide data specif-
ically for the study reported herein. The sites were located within six
MERS study areas: Nakhon Sawan, Lop Buri, Chiang Mai, Khon Kaen, Pran
Buri, and Chanthaburi. In general, the rainy season extends from May to-
September in the northern area, from May to October in the central area,
and from May to November in the south-central area of Thailand; hence, the
period of testing coincided with the expected period of high soil-moisture
content during the wettest monsoon season. One visit was made to each
site. The data frcm 238 sites are presented in table A2. ! ‘
Soil and trafficability data

Site data

8. The strength data at each site were obtained as follows. Four
sets of CI profiles were taken with measurements taken at the surface arnd
at 3-in. vertical increments to a depth of 18 in.; RI tests were run on ‘
two or occasionally three samples from the 6- to 12-in. layer, and surface
sheargraph measurements were made at three different locations on the site.
Soil samples were taken from the O- to 6- and 6- to 12-in. layers with the
trafficability sampler for determination of moisture content , density,
grain-size distribution, Atterberg limits, organic content, and specific
gravity. When the soil was too firm for sampling with the trafficability |
sampler, samples were secured with an Oakfield punch or with a shovel.

The locations of test or sampling points for each site are shown in fig. Al.

9. 1In each area sites were selected to include a range of different
soil types, topographic positions, land uses, and vegetation types with em- d
pha.sié on the collection of data for soil type-topographic positions for
which little or no data had previously been collected, e.g. moderately and
highly organic soils on all topographic positions, all soils on upland 1
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depressions and ridges, and clayey sands, silts, and clays on upland flats.
A special effort was made to include an equal number of sites in each com-
bination of soil type and topographic position.

10. Land use
lowing terms:

&. Undisturbed; not obviously used by man or domestic animals.
b. Disturbed; obviously used by man or domestic animals.

(1)

(2)

(3)
(k)
(5)
(6)
(7)

r—— 2 PACES —-——’I .

CONE INDEX

REMOL.DING INDEX

REMOLDING INDEX (OPTIONAL)
MOISTURE-DENSITY AND BULK SAMPLES

SHEARGRAPH
Fig. Al, Site layout

at each site was described in one or more of the fol-

Cropland currently in use (excluding hayfields, or-
chards, vineyaris, tree pla.ntationg%.

Type . |

Cropland currently lying fallow (excluding hayfields, -
orchards, vineyards. tree plantations). Type . |

Pasture grazed by domestic animals.

Hayfields (not currently being grazed).

Orchards, vineyards, tree plantations. Type :
Lawns, recreation areas.

logged, cut for fuel, newly cleared for slash-and-burn ’
agriculture.
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11. Since the essence of this program lay in securing a wide range

of soil types and topographic position data during the high-moisture period

of the wettest monsoon season, no attempt was made to collect detailed vege-

tation data; instead, the vegetation was described in general but consis-
tent terms that could be readily identified even by relatively untrained ob-

servers. These terms are:

a.

E.

Forest. Trees morc than 5 m (approximately 16 ft) tall with
the crowns of the trees covering more than 90% of the area.
Only the trees are significant; smaeller plants are ignored.

Woodland. Trees more than 5 m (approximately 16 ft) tall
with the crowns of the trees covering between 40 and 90% of
the area.

Savanna. Trees more than 5 m (approximately 16 ft) tall
with the crowns of the trees covering from 5 to 40% of the
area. The "ground cover" may be wild grass, rice, maize,
or any mostly herbaceous plants.

Tall scrub forest. Trees from 1.8 (approximately 6 ft) to
5 m (approximately 16 ft) tall with the crowns covering
more than 90% of the area.

Tall scrub woodland. Trees from 1.8 (approximately 6 ft)
to 5 m (approximately 16 ft) tall with the crowns covering
4O to 90% of the area.

Tall scrub savanna. Trees from 1.8 (approximately 6 ft) to
5 m (approximately 16 ft) tall with crowns covering from
5 to 40% of the area.

ILow scrub. Shrubs from 0.7 (approximately 2.3 ©t) to 1.8 m
(approximately 6 ft) tall with the crowns covering more
than 404 of the area.

Low scrub savanna. Shrubs from 0.7 (approrimately 2.3 ft)
to 1.8 m (approximately 6 ft) tall with the crowns covering
from 5 to 40% of the area.

Tall-grass prairie. Herbaceous plants, usually of mostly

grasses or grasslike plants, more than 0.7 m (approximately
2.3 ft) high with the plants covering more than 50% of the
ground surface.

Short-grass prairie. Herbaceous plants, usually of mostly

grasses or grasslike plants, less than 0.7 m (approximately
2.3 ft) high with the plants covering more than 50% of the
ground surface.

Barren. More than 50% of the ground surface is bare, i.e.

not covered by plants.

In the definitions listed above no distinction is made between cultivated
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and noncultivated plants. Thus, a coconut plantation, a rubber grove, or
an orchard is usually a "forest" or a "woodland" and a field of mature rice
is a "tall-grass prairie."

12. Topographic slope was measured with an Abney hand level at each
site on the contiguous area over which no change in true slope occurred.
Topographic position was identified as one of the following:

Upland flat (UF) ‘
Upland depression (UD)
Upland ridge (UR)
Upper slope (US)
Lower slope (IS) 1
Terrace flat (T) *
Terrace slope (TS)
Bottomland flat (EBF) J
Bottomland depression (ED)
Natural levee (NL)

Stream bottom (SB)

Tidal flat (TF)

Drainage ditch (DD) ,
Beach (B) l

< Ia 1o lo Ip

TN TN P TS T S TNT

Other data collected included depth of water over soil surface, depth to
ground water, and depth to bedrock if within several feet of the surfeace.

Surface Composition Study

13. The objective of the surface composition study3 was to secure *
data for establishing the range in variation of areal and seasonal soil
strengtin in Thailand and for mapping soils exhibiting similar traffica-
bility characteristics in selected study areas in Thailand. These data
were obtained during the period April 1964 through June 1965 by a soil
trafficability team. The study areas and the number of visits to sites
in each area are shown in the following tabulation.
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No. of Visits

Area to Site
Nakhon Sawan 2
Lop Buri 3
Chiang Mai 2
Pran Buri 1
Khon Kaen 2
Chanthaburi 1

The data collected for the surface composition study from 224 sites that
are pertinent to the trafficability classification study are presented in
table A3.
Soil and trafficability data

14. At each site, soil-strength data were collected for CI, RI, and

sheargraph tests. Four or more CI profiles were obtained. Measurements

for each profile wére made at l-in. vertical increments to a depth of 18 in.

RI tests were conducted on samples from the O- to 6- and 6- to 12-in.
layers. If the results of the tests on two samples from each layer were
not in close agreement, a third RI test was made. Sheargraph tests were
performed on the soil surface at only one point on tre site. Soil samples
were taken with the trafficability sampler in 3-in. increments to a depth
of 12 in. for the determination of moisture content and density. Bulk
samples were taken for laboratory determination of grain-size distribution,
Alterberg limits, organic content, and specific gravity. At each site a
pit was dug and the soil profile was described to a depth of 18 in. Data
also were obtained on the color, pH, and reaction to HCl of soil horizons.
From these data the soil series were identified.

Site deta

15. The classification of site data for this study was the same as
that used in the trafficability classification study (see paragraphs 10-12
of this appendix).

Soil Moisture-Strength Study

16. The objective of the soil moisture-strength stud,vb' was to de-
velop means for quantitatively predicting soil-moisture contents and
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strength of the soil for use in predicting\ trafficability of the critical |
soil layer. Data for this study were obtain;d from 75 sites during the
period May 196lL-November 1965 by teams of Thai engineers and techn:cians.

q Data were collected during two wet seasons and one dry season. Sites were
L. selected to provide a range in climate, *~nography, soil type, and land

‘ use. The sites were located in seven MERS study areas and in the vicinity
of Bangkok, Thailand.

17. Two types of sites, prediction-development (PD) and survey (TS),
were established. Data from PD sites were used to develop rainfall-soil
moisture-strength relations,  and data from the TS sites will be used to
) ‘ check the accuracy of soil moisture-strength predictions that were based ' )
on tke relations developed from PD site data. Twenty PD and 55 TS sites
were established. The PD sites were visited daily to collect unit elec- *
trical resistivity data for use in measurement of soil-moisture content,
and these sites and the TS sites also were visited one or more times each
month to collect trafficability data. The date from this study that are : {
pertinent to the soil trafficability classification study are presented 4
; in table Ak, '

! Soil and trafficability data
18. Data from the PD and TS sites were collected in a 21- by 36-ft
sampling area divided into 3-ft-square plots. Samples and direct measure- ¢
r' i ments of the soil were taken in three randomly selected plots during each
sampling visit to the site.

19. Six CI penetrations, two in each of three randomly selected
plots, were made on each visit, and measurements of CI were averaged for
the O- to 6- and 6- to 12-in. layers. RI tests were performed on samples
of the 6- to 12-in. layer from each of the three plots. Data from the #
tests were averaged fgr each visit. The RCI for a specific visit was
then tabulated in the usual manner. An attempt was made to obtain strength
. measurements concwrrently with moisture measurements. CI and especially
RI data could hot be obtained as frequently as moisture data and at some
sites could/ not be obtained at all during the dry season due to firmness
of the soil. At some sites {looding prevented data collection for long
periods during the wet season.

R —




' 20. For each visit sheargraph measurements on the soil surface were
made at two spots on each of the three selected plots and averaged. For
most sites these data were obtained on four visits during the period of
testing.

21. Soil samples of the 3-in. soil layers from the surface to a
depth of 18 in. were taken with the trafficability sampler for determina-
tion of moisture content. Samples were obtained from two spots in each
of three plots. The moisture content data were averaged for each 3-in.
layer and for the O- to 6- and 6- to 12-in. layers.

22. When a thin-walled piston type svil sampler could be used to
obtain a relatively undisturbed sample of proper length, that sample was
saved for moisture content and density determinations. Also, when the
soil was moist, two 2-in. cores were taken with the San Dimas or drive-
type sampler for determination of density. The density listed in the sum-
mary table for each site is the average of density values determined from
tests on riston-type soil samples, or where no such samples were obtained,
it is the average of the two density values determined from tests on
San Dimas soil samples.

23. The USDA and USCS soil types for each site were determined
from mechanical analysis and Atterberg limits of bulk samples taken from
the O- to 6- and 6- to 12-in. layers. The sample tested in the labora-
tory for each layer was a composite of three samples teken at each end
and along a point on one side of the site. The bulk soil samples were
also tested to determine the organic content and specific gravity of the
soil layer.

Site data

2. Measurements of rainfall, depth to ground water, and ambient
temperature were made daily at each of the PD sites.

25. Data describing the topographic position, slope, land use,
and vegetation at a site were collected from observations in the field
during the period of study. The systems for classifying topographic po-
sition, land use, and slope are the same as those used in the traffica-
bility classification studiy (see paragraphs 10-12 of this appendix).
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U. S. Army Cold Regions Research and Eugineer
Laboratory ( cﬁﬁ)’ Airphoto 'Fa_tt'e'r'n; !sl i1:' udy i

26. The purpose of the CRREL airphoto pattern stuivS was to develop
a method for interpreting, classifying, and mapping terrain features of
Thailand from airphotos in terms of their effect on ground mobility. Data
were obtained from 191 sites during the period 4 September-18 October 1964
by a team of specialist engineers and physical scientists.

27. The sites were located in two MERS study areas selected for de-
tailed study--Lop Buri and Chanthsburi. The sites were.selected primarily
on the ability of the analyst to recognize tone and texture on aerial
photographs. One visit was made to each site. The data from 121 sites
pertinent to the trafficability classification study reported herein are
presented in table A5.

Soil and trafficability data
28. Three or more CI penetrations were made at each site. For each

penetration, CI generally was measured at l-in. increments from the sur-
face to a depth of 18 in. RI tests were made on samples from the 6- to
12-in. layer. Samples for determination of moisture content and density
were taken with the trafficability sampler in 3-in. vertical increments
from the surface to a depth of 12 in. The data were averaged for the O-
to 6- and 6- to 12-in. layers. (The density values are questionable and
are not listed in the table.) When the soil was too firm to be sampled
with the trafficability sampler, samples for moisture only were taken with
the Oakfield punch. Bulk samples for determination of grain size, Atter-
berg limits, organic content, and specific gré.vity were taken from the O-
to 6- and 6- to 12-in. layers. The soil profile was described briefly in
pedological terms.
Site data

29. The topography class, topographic position, and land use iden-
tification for each site were based on a general descrirtion or were inter-

I preted from aerial or ground photographs of the site.
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Terrain-Vehicle Tests

30. The terrain-vehicle test progra.m6 was conducted to verify a L
mathematical model of cross-country vehicle performance previously devel-
oped in the United States, by applying it to tropical terrains and modify-
ing it as required. Data for the program were collected in traffic test
courses during the period September through O~tober 1965 by a team of
engineers, physical scientists, and technicians. The test courses ranged

from 10 to 20 £t (hydrologic geometry, designated HG, test courses),
to several hundred feet (surface geometry, designated SG, and multiple,

designated M, test courses), to several thousand feet (cross-country, 1
designated CC, test courses) in length. For purposes of this study, each ‘

of the HG, SG, and M test courses was desiénated as a site. Each of the q
CC test courses was subdivided into two or more short stretches, based J

on changes in soil type, topography, and land use. These stretches were
also designated as sites; e.g, test course CC2 was subdivided 4into sites
CC2-A, -B, and -C. The data used in this report are from 23 sites located
in the MERS study area of Khon Kaen. Data from the vehicle test program
perﬁinent to the trafficability classification study are presented in
table A6. ‘
Soil and trafficability data v

31. The data in the table for each site are average values for the
total number of visits. On each visit 10 or more CI penetrations were
made. For each penetration, CI was measured at the surface, at depths of
1l in. and 3 in., and then at 3-in. vertical increments to 24 or 30 in. |
Several RI tests were made on samples from the O- to 6- and 6- to 12-in. -
layers. Sheargraph measurements of the soil surface were taken in one
small area. One set of samples per visit was obtained from the 0- to l/’-l»-
and O- to 1-in. soil layers for determination of moisture content, and
another set of samples was obtained from the O- to 6- and 6- to 12-in.
layers for determination of moisture content and density. Bulk samples
for determination of grain size, Atterberg limits, and specific gravity
were obtained from the O- to 6- and 6- to 12-in. layers.

’
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Site data

32. Geographic location, topography class, topographic position,
slope, land use, and vegetation data were obtained from general terrain
information secured in the field. Again, these data, as tabulated, rep-e-
sent average conditions of the test area.
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Table Al

Preliminary Survey Study

Summary of Site, Soll, and T-afficability Data

Bection K. Dlte vata Tection B. Boll Data
Iocation LS or-
13 Depth Atter- ganic Spe~
Cvor-  Tupog- Topu- of xture Byiut berg Con. cific
Sit vap  die raphy  graphic  Slope Layer *—?&}&r‘ Limits tent Grav-
%o. Sheet  nates  Class Position _ % Vegetation Land Use in. Sand Silt Clay Type* Fines _E _E !_f Type _$ ity
1 S1S31LI 873521 'ow Bottomland 0 Bare Cultivr . ed 0-6 - = == == -~ 6) 27 % o - 2.58
flat 6-12 12 34 3 SiCL 92 65 27 ¥ oo - 2.64
3 51531V 811787 Low Drainage 0 Short grass Crazed 0-6 4 28 68 c 9% 63 32 31 W -— 2.59
ditch 6-12 7 » 6 C 93 6 3% 28 M - 2.57
4 51531V 811787 Lov Bottomland 0 Crass (6 in. Cultivated 0-6 4 28 68 A 97 66 3 32 M - 2.48
flat high) (idle) 612 312 18 10 [+ 98 65 32 33 oM 2.61
5 51531V 811787 Low Bottomland 0 Crass (8 in, Cultivated 0-6 15 14 N c 100 72 38 3% M -— 2.52
dopression high) (idle) 6-12 1 14 88 [ 100 73 3% 39 o4 2.55
8 52531V 170848 Low Lower slope 1 Short grass Cultivated 0-6 56 19 25 SCL 6 20 - NP ML - 2.56
(idle) 6-12 S& 22 24 SCL 63 25 18 7 cCL-ML 2.61
9 51531 105821 Low Bottomland 0 Short grass Cultivated 0-6 3 72 25 SiL 100 81 63 16 OH 2.34
flat (idle) 6~12 10 30 60 [ 9% 77 39 38 MW -— 2.56
12 52541 426187 High Terrace flat 0 Melons Cultivated 0-6 11 45 4 SiC 92 57 36 21 W - 2.60
6-12 7 2 1 4 9% 5S4 37 17 MM - 2.61
13 325511 670353 High Terrace flat 1-2 Brush and Undisturbed 0-6 28 27 4S5 C 78 40 29 11 ML - 2,64
trees 6-12 33 22 43 C ™ 73 &M 29 15 ML - 2.65
14 53551 049455 Low Bottomland 1 Short grass Cultivated 0-6 11 21 68 C 92 62 3 28 MW - 2.70
flat (idle) 6-12 15 32 %) c 92 59 26 33 O - 2,69
15 5456111 925612 Low Bottomland 0 Short grass Cultivated 0~-6 10 40 50 SiC 93 59 30 29 CH 2.09 2.8
flat (idle) 6-12 6 28 66 c 95 62 28 3 O 0.95 .69
16 545711 269981 Lov Terrace flat 0 Short grass Cultivated 0-6 66 24 10 SL 49 22 -~ WP SH 1,05 2.61
(1dle) 6-12 62 23 13 sL 49 22 15 7 SM-8C - 2,69
17 545711 269989 Low Terrace flat 0 Short g—nu Cultivated 0-6 55 27 18 sL S7 38 15 23 CL = 2.58
(1dle) 6-12 55 28 17 SL 5 29 13 16 CL 2.69
18 S457I1 268989 Lov Bottomland 0 Short grass Cultivated 0-6 57 27 16 sSL 62 235 15 10 ¢ 2.61
depression (idle) 6-12 53 26 21 GSCL 47 26 21 S SM-SC ~-- 2.13
19 535811 623412 Low Bottomland 0 Rice Cultivated 0-6 47 3 2 L 65 3 19 17 < 0.78 2.71
flat 6-12 42 31 27 L 70 3% 18 18 CL - .71
20 5558IV 499639 Migh Upper slope 1 Trees and brush Undisturbed 0-6 8 12 3 LS 246 -~ - NP SM - 2.61
6-12 86 12 2 LS 23 17 16 1 M - 2.65
21 555911 771755 Low Stream 0 Short grass Crased 0-6 92 ¢ 2 ] 17 == = W M - 2.63
bottom 6-12 9 ) 2 s 13 20 -~ NP M - 2.66
22 S7%71V 551305 High Upland flat 2 Brush and Undisturbed 0-6 81 17 2 LS 3 o« = WP MW - 2.9
trees 612 83 13 2 LS M 17 -~ W S 2.64
2) 57571V 390290 Low Bottomland 0 Marsh grass Grazed -6 3 22 S L &6 -- - W - 2.62
flat 612 80 17 3 L8 42 18 -~ WP M - 2,65
24 37541V 387080 High Terrsce flat 1 Tall trees and Undisturbsd 0-6 51 34 15 L 73 24 - W N L 2.59
bamboo grass 612 25 51 24 SiL %2 27 19 8 CL -~ 2.62
25 5734111 610967 High Uplend flat 1 Trees Undisturbed 0-6 72 7 21 sc 3 18 - NP SN 0,46 2.61
6~12 72 6 22 sCL 37 20 15 5 SN-8C -- 2.60
26 5754111 550980 Low Bottomland 0 Tall trees Undisturbed 0-6 87 13 [ ] 19 —= - NF M -~ 2.5%
flat 612 82 1% 3 Ls 21 16 16 0 M - 2.65
28 37541V 400140 Low DBottomland 0 Open trees with Cultivated 0-6 67 19 14 sSL 37 == -~ NP SM 0.42 2.60
flac some grass (idle) ~12 11 22 7 sL 3 18 — WP M 0.32 2.61
29  S7S41IV 329130 Low Bottomland 0 Scattered trees Cultivated 0-6 n 2 8 SL SO 14 -- NP SM 0.46 2.63
flat 6-12 52 33 15 L 53 14 - NP WM 0,42 2.62
30 5956I1 920655 Low 3Jottomland 0 Rice Cultivated 0-6 s1 29 20 L 6 18 -- NP ML 1.55 2.62
depression . ~12 N 13 16 SL 35 19 - W M. 1.24 2.65
31 595611 923659 Low  Nstursl 0 Heavy brush Undisturbed 0-6 7 6 21 sCL 40 = — W M 1.08 2,56
levee with some trees 6~12 62 16 22 sCL 62 -~ — W W 0.42 2,62
32 593611 915672 Icw Upper slope 1 Sparse grass Cultivated 0-6 2 1 ? Ls 30 - - Wr M 0.3 2.6
vith some trees (1dle) 6~12 91 [} 1 ] 25 — - NP SM 0.3 2.58
34 59361 858858 Lov Bottomland 1 Short grass Grazed 0-6 n 2 6 sL 38 - - NP SM 0.62 2.6)
depression 612 67 2 L sL 41 - -~ NP SM 0.58 2.9
37 59381V 603647 High Upper slope 1 Open forest/brush Undisturbed 0-6 62 26 12 SL 53 - -— NP M. 0.70 2.62
and short grass 612 18 1S ? LS 27 — ~—~ WP SM 0.50 2.62
38 59601V 703285 High Upper slope ) Short grass Graged 0-6 [ 3] 6 5 ] 18 =~ = NP SM 1.29 2,81
6-12 8 5 6 s 18 — -— WP SN 0.5 2.64
(Continved)

W S

¢ G = gravelly, VG = very gravelly.
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Table Al (Continued)

BUEtIch U. YTRrTICebIITty Bete
et Beascn Tondltion — NighJolature Condition
v = D eter
of Dry __"'_"@_E_ ry _% ater
Site No.of layer Demsity y ;“ wr " Density u H Sur ™ Teblet
Bo. Visits in. ib/euft W, $ CI RI BCI pal Tu  pai _wr W, C1 M KCI pel "u_ pei_ur _dn.
1 1 0-6 68.0 52.2 21 1.00 21 68.0 52.2 21 1.00 21 +2
6-12 84.2 35.4 93 0.78 12 84.2 35.4 93 0.78 73
3 1 0-6 69.0 51.8 52 0.72 3r 69.0 51.8 52 0.72 » 6
612 10.6 47.8 73 0.72 53 70.6 47.8 13 o0.mn 53
4 1 0-6 72.0 38.0 85 1.27 108 72.0 38.0 85 1.27 108 18
6-12 75.2 3.6 100 0.9 9l 75.2 36.6 100 0.91 L
] 1 0-6 65.8 54.5 4 0.91 40 65.8 54.5 & 0.91 40 +3
6-12 80.3 37.0 75 0.65 (1) 80.5 37.0 75 0.65 49
8 1 0-6 92.4 19.5 136 0.A) 86
6-12 9.9 19.8 162 0.88 14)
9 1 0-6 58.4 51.8 152 -~ --
6-12 78.3 34.9 193 - -
12 1 0-6 70.5 35.0 68 0.90 61
6-12 - 24.8 222+ -~ -
13 1 0-6 - 16.0 23»% -- -
6-12 - 14.2 -~ - -
14 1 0-6 89.6 29.9 55 0.9 50 89.6 29.9 55 0.90 50 18
6-12 - 27.4 88 0.76 6? - 27.4 88 0.76 67
13 1 0-6 - 22.2 288 ~-- -
6-12 - - 220 ~- -
16 1 0-6 - 15.9 144 0.83 120
6~12 108.6 13.4 187 0.66 123
17 1 0-6 97.6 20.6 47 0.63 30
6-12 1008.9 18.8 106 J.8% 90
18 1 0-6 106.1 18.4 89 0.60 53
6-12 107.9 18.2 150 0.77 116
19 1 0-6 9.4 19.8 24 0.52 12 96.4 19.8 24 0.52 12 +2
6-12 110.2 17.9 78 0.74 58 110.2 17.9 8 0.74 58
20 1 0-6 93.2 5.0 231 - -
6-12 - - 305 - -
21 1 0-6 - - 106 -- - - - 106 -- - 10
6~12 93.6 13.8 258 - - 93.6 13.8 258 -~ -
22 1 0-6 100.4 9.6 490 -- -
6-12 - - 727 - -
23 1 0-6 103.3 15.4 2717 -- -
6-12 98.0 16.4 475 -~ -
2% 1 0-6 89.8 23.8 13 0.3 50
6-12 1.8 24.2 98 0.52 51
23 1 0-6 93.9 18.4 127 0.80 102
6-12  105.2 17.0 145 0.70 102
26 1 0-6 89.2 9.2 108 -- -
6-12 -— - 250 -~ -
28 1 0-6 103.2 14.2 108 0,63 10 103.2 14.2 108 0.65 70 11
6-12 9.5 12.% 100 0.26 26 99.5 17.5 100 0.26 26
29 1 0-6 111.0 14.8 61 0.86 52 111.0 14.8 61 0.86 52 '
6-12 9.2 19.5 110 0.3 40 99.2 19.5 110 0.36 &0
30 1 0-6 93.9 21.5 & 0.21 L 931.9 21.5 &4 0.21 9 +1
6-12 88.0 20.5 8 0.7 26 88.0 20.5 1% 0.3) 26
n 1 0-6 sl.1 12.6 124 -~ -
6-12 7.7 13.8 170 o~ -
32 1 0-6 9%.2 19.9 316 -- -
6-12 9.0 19.4 582 -- -
3 1 0-6 103.0 19.9 215 - -
6-12 104.8 13.2 162 0.62 100
b 1) 1 0-6 102.0 11.3 243 - -
6-12 9.1 17.2 198 0.82 162
38 1 0-6 108.0 9.2 194 -- -
~12 111.4 7.4 132 -- -
(Cont inued)
(54 €y ultimate soil-to-soil cohesion; ’u , ultimate soil-to-soll angle of internal friction; S ? ultimate soiletoerubdber adhesion;
au , Wltimate soil-to-rubber angle of friction.
(2 of 12 sheets)

t Plus (+) denotes depth of water adove surface.

e

3




- v i 4
Table Al (Continued) : i
Bection K. DItc Data Sectlon B.  Doll Data =
Tocation Or-
T Depth er= ganic Spe-
Cuor-  Tupoge Topu- of xture By Wt berg Con- cific
Site Map di- raphy  graphic Slope Layer sx HtE % ] Limits tent Grav-
Lo. Sheet nates Class  Fosition ¢ Vegetation Land Use  _in. Sand S11t Clay Type Fines I PL FI Type _ % ity
39 59601V 700348 Llov Terrace flat O Bare Cultivated 0-6 51 36 13 L 65 o~ -~ WP ML O0.74 2.63
6~12 359 30 11 SL 56 -- NP ML 0.44 2.62
40 59601V 660420 High Upland flat 0.5 Tall weeds with Cultivated 0-6 68 11 21 SCL 45 - - NP SM 1.46 .61
3 scattered trees (1dle) ~=12 70 19 11 sL 42 -- -- NP SM 0.95 2.63
41 59601V 655415 Migh Lower slope 1 Trees Undllturb:d -0-6 82 18 0O VGLS 13 = - NP SM 1,15 2.76
Gl b= s= s el - a4 - e
42 3962111 698832 High Upper slope 2 Scattered trees Undisturbed 0-6 72 12 16 SL 31 == = NP SM 0.90 2,64
6~12 73 14 13 GLS 29 - - NP M 1.00 2.0
43 5963111 614180 Migh Uplend flat 0 Heavy tree growth Undisturbed 0-6 30 29 21 GL 37 39 27 12 SM 2.20 13.14
6-12 51 18 31 VGSCL 23 52 32 20 SM 1.05 3.17
44 5963111 590171 Lov Bottomland 0 Low brush and Cultivated 0-6 35 46 19 L 81 38 26 12 ML 2.87 2.64
flat scattered trees (idle) 6-12 20 47 33 SiCL 85 48 24 24 CL 0.96 2.69
45 58621 391151 MHigh Upland flet 0.5 Short grass and Cultivated 0-6 &5 3w 1 L 91 16 -- NP ML 2.01 2.58
scattered trees (1dle) 6-12 39 28 33 VGCL 13 17 -~ NP ™M 1.29 2.91
47 5763111 640201 MHigh Upland flat 0 Trees Undisturbed 0-6 69 24 7 SL 47 == = NP SN 0.38 2.5
6~12 60 31 9 SL 47 -~ - NP SH 0,25 2.53
49 5763111 640220 Low Terrace flat O Rice Cultivated 0-6 4 W 9 SL 60 -- -- NP ML 0.5 2.61
6-12 36 & 3 sL 70 17 17 0 ML 0.46 2,63
50 S763111 305279 LlLow Tervrsce flat 0 Bare Cultivated 0-6 46 32 22 L 85 17 -- W M 0.58 2.5
612 25 24 31 c 9 35 21 14 CL O0.62 2.55
351 556311 683239 Low Terrace flat 0 Short grass Cultivated 0-6 72 20 8 SL 5) == == NP ML 0.46 2.58
(1dle) 612 43 28 29 cL 62 17 -- N M. 0.39 2.58
32 34621 312063 MHigh Lowver slope 15 Scattered trees Undisturbed 0-6 82 8 10 LS S0 -- -~ NP SN 0,86 2.53
and tall grass 6~12 60 26 14 sL SO 22 17 5 SM-8C 0.55 2.68
33 54621 326070 High Lower slope 7 Bamboo with Undisturbed 0-6 45 19 36 CcL 85 22 -~ NP ML 1.55 -
scattered trees 612 46 16 38 sC 55 23 -- NP M 115 =
. q ¢
54 556311 683239 Lov Terrace flat O Short grass Cultiveted 0-6 72 2 [ ] SL 53 ~= == NP ML O0.46 -
(1dle) =12 &4 28 I CL 62 17 -- N M 0.9
53 S56111 661493 Higl. ,land flat 1 Trees and brush Undisturbed 0-6 9% 6 0 s 28 —~ -- NP SM 0.32 2.62
612 82 14 4 LS 30 20 19 1 s 0,25 2.62
56 556011 696228 High Upper slope 1 Brush and trees Undtsturbed 0-6 87 1 0 ] 35 = - NP SM 0.24 2.59
~12 N 22 7 sSL 3 13 13 0 sM 0.62 2,66
37  S4S811 142367 High Upper slope 3 Short grass Cultivated 0-6 2 1 4 LS 28 20 -~ NP SM 0.70 2.64
(1dle) 6-12 80 17 3 LS 28 20 18 2 SM 0.42 2.62
S8 535811 2043%1 Lov Dottomlend 0 Bare Cultivated 0-6 100 0 0 s 32 — - N SN 1,77 2.61
flat =12 74 % 1 SL 42 22 -- NP SM 0.70 2,64
59 535711 033062 High Upper slope 1 Short grass Lawn 0-6 100 0 0 S % -~ -— N SHN 0.88 2.62
~12 71 17 120 8L 3 18 — @ SM 0.70 2.62
60 S156I1 001670 Lov Bottomland 0 Rice Cultivated 0-6 40 30 30 c 66 50 19 31 CH 0.08 2.3
flac 6-12 32 45 3 [ 70 68 26 42 CH 0.46 2,%
62 51511V 770977 Lov Bottomland 0 Short grass Cultivated 0-6 9 7 54 c 92 == o= == . 0.38 e
flat (idle) 6-12 7 ¥ %2 Cc 95 68 28 40 CL 0.32 2.72
63  S151IV 7709Y7 Low Bottomland 0 Short grass Cultivated 0-6 6 3 S8 (4 96 = - - . 0.3 -
flat (1dle) 6-12 8 3 s c 93 72 30 42 CM 0.84 2,74
66 S15411 061031 Lov Bottomland 0 Short grass Cultivated 0-6 39 4 12 L 6] == == == . 0.58 --
flat (1dle) 6-12 42 45 1) L 6 18 14 4 CL-ML 0,38 2,65
67  S151IV 795940 Lov Bottomland 0 Brush Grased 0-6 9 39 s2 (4 97 = == e .. 1,82 -
flat 6-12 6 47 47 siC 97 19 25 M OO L.72 2.7
68 51511V 795940 Lowv Bottomland 0  Brush and Grazed 0-¢ 17 43 43 s$4C 1 70 32 ¥ & 2.22 -
flat short grass 6-12 S 48 A7 8(C 97 6% 3 3 C 2,20 2.72
69 3513511V 795940 Sottomland 0  Brush and Grazed 0-6 5 56 39 S1CL 97 @86 M 352 O L1® -
flat short grass . 6-12 4 & 30 SiC 97 97 3 61 oM 3.58 2.7}
70 515011 087445 Migh Tervrace flat O Recently cleared Fruit 0-6 7¢ 18 [ sL 28 = o= e= = - -
of trees plantation ~12 15 17 ] SL 29 11 - wr SN - -—
71 52481 530000 Low DBottomland 0 Rice Cultivated 0-6 n 9 18 sL 32 o= o= == = 1.3 -
flat ~-12 73 s 20 sL 27 23 15 8 SC 1.20 2.64
g
73 52481 635933 lov Beach 0.5 Bare Undisturbed 0-6 % 2 2 ] 20 o= o= o= o= 0.22 -
612 9% k] 3 ] 20 27 -- NP M 0.235 2.68
74  S449111 973040 Lov Terrace flst 0 Short grass Crazed 0-6 45 %2 3 SiL 70 17 17 0 wm 2.91 -
~12 52 ¥ 1 SL S8 14 14 0 ML 0.84 2.64 .
75 . S4AS111 943008 MNigh Upper 1lope 6  Rubber Cultivated 0-6 6 19 1 L 40 3 24 10 M 3N -
plantation 612 82 12 26 SCL 43 42 20 22 3C 2.49 2,64
(Continued) (3 of 12 sheets)
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Table Al (Continued)
Section U. T-alfIcabllity Dats 1
Wet-Seeson Condition Hi‘_h-lufﬂ.uie Condition
Bepth Tepth o
of Dry - TR ater
Site No. of Layer Density u F o Density u o g Sur Table
No. Visits _in. lbjcuft MC,$Cl R RCI pal "u psi _ur 1b/cuft M, % CI Rl RCI psi "u psi __ur in.
3 1 0=-6 98.9 19.4 108 - - 9.9 19.4 108 - - 18
612 101.0 16.0 114 0.48 s 101.0 16,0 114 0.48 b1 )
40 1 0-6 96.1 11.1 198 - -—
612 97.4 11.6 187 -- -
a1 0-6 - - WA = =
612 - B L .
42 1 0-6 102.3 10,2 224 -~ -
6-12 118.2 10.4 266
43 1 0-. 104.5 18,6 191 -~ -
6-12 - - 2974 -~ -
(1) 1 0-6 88.0 26.6 106 0.60 64
6-12 91.4 27.9 130 o0.87 113
[} 1 0-6 -— -~ 104 0,28 29 - - 104 0.28 29 15
6-12 94.6 22.4 175 0.51 89 94.6 22.4 175 0.51 89
&7 1 0-6 96.1 14,1 400 - -—
6-12 108.6 9.2 489 -~ -
49 1 0-6 101.0 21.8 94 0,93 87
6-12 102.0 29.3 360 - -
50 1 0-6 99.6 24.6 119 0.24 29 99.6 24,6 119 0,24 29 1
6-12 99.6 19.4 172 - -— 99.6 19.4 172 - -
51 1 0-6 106.1 17.5 209+ 1.12 234+
6-12 111.7 14.6 335+ 0.48 161+
52 1 0-6 102.4 7.6 486+ -~ -
6-12 117.0 12,0 27 - -
$3 1 0-6 - 8.8 184 - -—
6-12 - 8.1 272 - -
S 1 0-6 104.2 20.6 242 0.78 189 104.2 20.6 242 0.78 189 +*?
6-12 110.2 17.3 293 0.33 L 1) 110.2 17.3 293 0.3 L)
b1} 1 0-6 94.2 9.4 216 - -
6-12 97.0 7.6 25% - -
56 1 0-6 103.6 7.2 336 - > i
6-12 9.7 3.0 S - -
7 1 0-6 9.6 9.6 113 - -
6-12 93.9 12.8 179 - -
58 1 0-6 - 3.7 150+ - - - 3.7 1504 -~ - +
6-12 - 6.8 o= o= - 6.8 .- == -
9 1 0-6 103.6 7.6 184 -- -
e-12  105.3 5.2 3304 - -
60 1 0-6 77.4 39.8 40 1.16 46
6-12 73.0 44,9 717 - -
62 1 0-6 11.7 37.5 31 0.79 24
6-12 76.2 38.1 61 0.82 0
63 1 0-6 79.2 31.0 39 0.9? 38
6~12 79.0 31.3 67 0.9% o4
66 1 0-6 100.4 19.4 115 0.&7 34
6-12 98.0 19.4 167 0.27 [}]
67 1 0-6 85.2 27.2 W 0.7 b ] 85.2 27.2 3% 0.87 3 18
6-12 78.0 3.5 3 0.3 12 78.0 30.5 37 0.3 12
(1] 1 0-6 76.1 39.4 5 0.71 3 76.1 39.4 51 o0.71 36 18
6-12 75.% 42,8 S8 0.68 39 715.% 42.8 $8 0.68 3
(1] 1 0-6 6.5 67.0 8 0.49 4 56.5 67.0 8 0,49 4 +1
6-12 49.6 82.0 8 0.54 4 49.6 82.0 8 0.%4 4
70 1 0-6 - - 2104 -~ -—
6-12 -- - L -
n 1 0-6 88.9 25.4 61 0.42 26
~12 99.6 17.8 230+ 0.40 924
n 1 0-6 9.1 30.6 104 1.20 125 9.1 30.6 104 1,20 125 1
6-12 84.2 30.8 225 1.88 42) 8¢.2 30.8 225 1.88 423
|
74 1 0-6 116.7 23.4 128 1.30 166 116.7 23.4 128 1,30 166 S i
6-12 97.0 22.8 133 0.11 15 9.0 22.8 133 0.11 i
13 1 0-6 83.6 30.7 718 0.42 3
=12 84,6 25.9 157 1.1l 174

(Continued)
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Table Al (Continued)

Section K. oite Data Bection B, Poll Da
Location 7# =

{31 Depth er- ganic Spe-

Coor- Topog- Topu- of 'exture By Wt  berg Con- cific

Site Map  di- raphy graphic Slope Layer ? Ht! g 4 Limits tent Grav-
no. Sheet nates Class Position % Vegetation Land Use in. San ay Iype Fines _ﬂ: _FE __FI Type 1 ity

76 55471V 310535 Low Bottosland 0 Short grass Grazed 0-6 37 51 12 s1L 8 41 3 10 M 482 -
flat 612 A0 48 12 L 87 0 22 8 CL 4.80 2.58

77 SAABIV 832932 Low Bottomland 0 Marsh grass Undisturbed 0-6 3 311 16 sL W 4 W 1S M 46 -

flat 612 33 42 25 L 72 2 23 14 CL  2.42 —

78 51501 085730 Low Bottomland 0 Mangrove Undisturbed 0-6 5 26 9 sL 52 o= we o= == 222 -
flat 6~12 67 25 8 L S6 48 40 8 ML 2,94 2.60

80 4867111 202814 High Terrace flat 2 Grass, brush, Undisturbed 0-6 3 30 17 sL 87 v me == = 2.12 -—
and small trees 612 48 30 22 L 62 24 16 8 CL 1.76 2.66

81 AS67IV 190832 Nigh "pland flat 1 Small trees, Undisturbed 0-6 7% 20 6 sL 35 == o= == SM 3.00 -
brush, and grass 612 73 20 7 sL 37 16 -- NP SM 0.9 2.6)

82 48671V 169837 Migh Upper slope 35 Scattered trees Undisturbed 0-6 62 23 15 GL M 21 17 & SM-SC 3.44 -—
and brush 6-12 58 25 17 GSL 42 22 14 8 SC 1.60 2.66

83 48671V 149863 High Upper slope 6 Scattered small Undisturbed 0-6 78 7 15 VGSL 12 - ‘~= = SP-SM 0.88 -
trees snd brush 612 6% 21 10 9VGSL 14 21 15 6 SM-SC 1.89 3.1

84 4A867IV 129859 Natural levee 0 Garden Cultivated 0-6 18 54 28 SICL 83 o= == == == 2,67 =
6~12 17 S50 33 SICL 88 40 24 16 CL 3.11 2.65

85 48671V 129859 Low Bottomland 0 Bare Cultivated 0-6 18 47 35 SICL 85 42 26 16 ML 3.00 -
depression 6-12 26 39 35 cL 77 4 2% 17 CL L4 2,70

86 47671 938948 low Bottomland 0 Bare Cultivated 0-6 23 48 27 CL 82 40 24 16 CL 1.66 -
depression 6-12 17 43 40 SICL 88 46 24 22 CL 2.00 2.69

87 47671 947947 Lov Upper slope 2 Bare Cultivated 0-6 17 41 42 8iC 88 o= o= o= == 3,04 -
6-12 19 41 40 SICL 86 51 22 29 CH 1.60 2.66

88 48701V 213999 Lov Lower slope 0.5 Rice Cultivated 0-6 11 53 36 SICL %% == o= = == 6,21 -
6-12 7 S1 42 siC 9% 49 26 23 CL 3.30 2.69

89  4AB70IV 21300f low Natural 0 Short, heavy Lawvn 06 38 45 17 L 68 o- - == == 4.8 -

levee grass 6~12 44 38 18 L 64 3 21 9 CL 2.36 2.

90  4S701II 173%05 High Terrace 3 Short grass and Crared 0-6 36 & 20 L 72 == == == = 3,27 —
flat scettered trees 6~12 39 43 18 L 67 23 13 10 CL 1.60 2.65

91 48691V 103650 High Terrace 7 Tall grass Grazed 0-6 26 42 32 CcL 83 63 40 23 MH  6.43 -
flat 6~12 25 37 38 cL 93 63 34 29 W 314 2.8

92 4869111 007530 High Upper slope 12 Scattered trees Und{sturbed 0-6 62 25 13 SL &7 ~= == o~ SN-SC 2.41 -
and grass ~12 62 25 13 sL 47 19 15 4 SM-SC 1.26 2.66

93 47661V 6350465 Lov Bottomland 7 Tall grass Crazed 0-6 20 48 32 SICL 87 - v o= o= 3.5% ==
depression ~12 36 37 27 L 75 3% 17 17 CL 1.5 2.66

94  A76SIV 650465 Nigh Upper slope 28 Small trees Undisturbed 0-6 - e == - o e o= = e - -
6~12 66 26 8 VGSL 15 -- -- NP SM 1.3) 2.69

95 4766111 637445 High Upper slope 2 Small trees Undisturbed 0-6 56 20 24 ScCL 35 oo ee - - 0.70 -—
and brush 6-12 52 20 28 SCL $?7 30 15 15 QL 0.46 2.67

96 A7661 893574 Low Bottomland 0 Bare Cultivated 0-6 2 37 35 CcL 7 3319 W CL 1.16 -~
flat 6-12 353 29 18 SL 5% 26 15 11 CL 0.78 2.63

97 476711 920680 Llov Terrace flat 1 Short grass Cultivated 0~6 32 & 25 L 15 3, 20 13 CL 1.%2 -
(idle) 6-12 33 28 19 SL $3 23 16 7 CL-ML 0.44 2.6

98 476711 970780 HMigh Terrace flat 1 Short grass Grazed 0-6 60 29 11 SL 47 18 16 2 sM 0,98 -
6-12 33 29 18 SL 53 19 12 7 CL-ML 0.54 2.62

99 47671 970831 Nigh Upper slope 35 Tall trees and Undisturbed 0-6 45 23 32 scL S8 60 3 26 MH 5.46 -—
brush 6-12 35 19 &6 c 68 57 30 27 M 1.76 2.6l

100 54551V 909351 Migh Lower slope 1 Bamboo grass Undisturbed 0-6 % 24 12 SL 4 o= == o= == - -
12 6 23 17 SL 4 20 13 SM-SC - 2.6)

101 54531V 919337 Migh Upper slope 1 Short trees Undisturbed 0-6 6k 28 8 SL A9 14 14 O sM - -
and brush 6-12 65 131 4 SL $3 17 14 3 M 2.64

102 SASSIII 943369 High Lower slope 1-2 Tall trees and Undisturbed 0-6 % 20 6 sL 43 o= ee e e - -

biilboo grass 612 70 24 6 SL 47 16 -- NP SM - -

103 34351V 942448 Nigh Upper slope 2.5 Tall trees and Undisturbed O0-6 7 15 7 Ls W = ee ee - -— bt
brush 612 75 18 ? SL 32 13 -- N N - 2.64

104 S4SSIV 929416 Low Bottomland 0 Bamboo and short Undisturbed 0-6 52 3 18 L 87 o= = e == 0,95 -
flat grass ~12 48 29 ) L S8 26 15 10 CL 0.46 2.64

105 343SIIL 947340 WMigh Lower slope 1-2 Tall trees (thick) Undisturbed 0-6 2 20 [ ] sL 40 1) -- W SN - -

~12 & 22 9 SL 0 11 - w SM - -

106 3545611 045705 Llov Bottomland 0 Short grass Cultivated 0-6 47 N L 61 31 13 18 CL 0.5 -
flat (1dle) 12 48 30 22 L 60 25 11 14 CL 0.38 2.66

107 343611 043705 Lov Bottomland 0 Bare Cultivated 0-6 48 3 22 L 6 21 13 8 CL 1.9 -
flat ~12 49 33 18 L 56 27 11 16 CL 0.78 2.66
(Continuca) (5 of 12 sheets)
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Table Al (Continusd)

vection C. [ la
Vet Season Condltlon RIghWolsture tondltion
Depth Tepth to
o Jm G e wa . A Vet
Site No., of Layer Density u ¢ ur Density u Sur 5 Table
No. Visits _in. lbfcuft Mc,$ct Rt ACI psi Pu psi Tur bfeuft M, 4 cI AL RCI pst fu  psi Tur _tn.
76 1 06 73.8 4.0 3 049 15 73.8 M0 30 049 13 .
612 73.4 42.4 61 0.7 46 734 426 61 0.76  4s
7 1 0-6 - - 17 - - - - 1 - - «
-12 - - M - - - - 33 - -
7 1 0-6 87.0 32.0 M 0.50 17 87.0 320 3 050 17
-2 727 45.5 35 0.2 ’ 72.7  45.5 35 0.28 ’
o0 1 0-6 87.6 20.2 66 0.38 25
12 96.4 20,1 89 0.53 47
) 1 0-¢ 8.2 17,2 101 - -
12 %.0 14.0 146 - -
2 1 06  107.4 18.0 83 0.91 76
12 108.6 15.9 103 0.51 33
3} ! -6 121.7 1.0 2713 - -
12 123.2 10.3 31 - -
[ 1) 1 0-6 9%.2 23.4 63 0.40 25
12 9.2 23.8 132 0.78 103
85 1 0-6 8.6 33.3 8 0.52 4 88.6 1333 8 0.52 4 +
12 100.8 23.8 80 0.60 48 1008 2.8 80 0.60 48
6 1 0-6 9.6 40.5 26 0.82 20 796 40.5 24 0.82 20 +*%
6-12  101.4 23.0 117 066 77 1014 23.0 117 066 77
87 1 0-6 61.8 5.0 9 0.78 7 6.8 55.0 9 0.78 7 +*
612 98.2 24.1 67 075 % °®.2 4.1 6 075 S0
) 1 0-6  100.2 33.4 35 0.56 20 100.2  33.4 35 0.56 20 +*
~12  98.9 25.2 13 0.9 79 9.9 25.2 13 0.9 19
89 1 0~6 8.1 35.3 90 0.71 &4
12 86.4 3.6 % 0.48 &S
%0 1 0-6  100.8 18.6 177 0.50 8
6-12  106.1 16.6 139 0.57 79
” 1 -6 00.8 42,2 147 - -
12 8.2 3.0 184 - -
] 1 0-6 2.7 13.5 190 - -
6-12 103.6 15.4 213 0.92 19
L1 1 0-6 9.2 20.4 133 0.76 101
€12 101 18.8 175 - -
% 1 0-6 - -~ 300+ - 2=
6-12 - - -~ = -
L 1] 1 0-6 - - 12 - -
612 - - 16 - -
% 1 0-6 8.8 20.6 15 - - He 286 15 - - “
6-12 101.4 23.6 95 0.58 S 1014  23.6 95 0.58 S
9 1 -6 9.8 18.7 17 - -
6-12 101.7 11.0 140 - -
L 1 0-6  102.4 1.7 1 - -
12 107.4 1.8 1 - -
” 1 0-6 8.4 5.6 55 0.60 3
=12 8.0 30.6 118 0.71 84
100 3 0-6 93.6 12.1 219 1.52 333
12 - -~ 365t - =
101 1 -6  105.2 2.6 230 1.4 M
-12 - - ¢ - -
102 1 0-6 9.9 174 203+ — -
~12 - - % - -
103 1 0~ - - 450+ — -
612 - - 150+ -- -
104 1 0-6 9.4 .9 24 - -
12 93.0 46 428 - -
105 1} 06 - - S - -
12 - - 00+ -— -
106 1 -6  104.2 9 o 0.68 & 104.2 219 64 0.68 & 4
12 116.7 16.4 135 0.70 95 116.7 164 135 0.70 93
107 1 0-6 105.8 26.2 125 0.1 39 105.8 24,2 125 0.1 +
-12 - 20.8 191 0.62 119 -~ 208 191 0.62 119
(Continued) (6 of 12 sheets)
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Table Al (Continued)

eC o -C ta Bection B. So1l Data
Tocation or-
r Depth Atter- ganic Spe-
Coor- Topog- Topo- of xture By Wt berg Con- cific
Site Map di- raphy graphic Slope Layer ? Ht! g 1 Limits tent Grav-
lio. Shcet nates  Class Position % Vegetation Land Use An. Sand Siit Clay Type mm m__j_ Aty
108 S43611 045705 Low Bottomland 0 Short grass Grazed 0-6 62 30 [ ] sSL 47 13 — ¥ W 0.9 -
flat 612 68 15 17 L ¥ W -~ M 0.8 2.67
111 SIS1IV 770977 Low Bottomland 0 Short grass Cultivated 0-6 s ¥ 92 [ 92 64 29 35 a0 1.3 -
flat Lidle) 6~12 6 3 60 C 9% 65 29 3% O 0.9 2.75
112 S151IV 770977 Low Bottomland 0 Short grass Cultivated 0-6 11 3% 3 [ 922 62 29 33 a0 407 2.7
flat (1dle) 6~12 8 42 30 siC 9% 6) 31 32 O 2.10 2.7
113 S1511V 795940 Low Tidal flat 0 Short weeds Undisturbed 0-6 16 41 43 8icC 66 86 42 44 O 7,91 2.72
6-12 16 42 42 sicC 95 82 38 44 O 9,01 2.69
114 51511V 795940 Low Tidal flac 0 Bare Undisturbed 0-6 5 45 50 s1iC 97 71 31 40 OB 4.70 2.7)
6-12 7 40 33 siC 97 71 3% 37 MM 434 2.73
118 51511V 795940 Low Tidal flat 0 Bare Undisturbed 0-6 14 43 43 S84C 92 91 3 55 OH 6.86 2.69
6~12 10 43 47 siC 93 102 35 67 o 8.3 2.71
119 51511V 795940 Low Tidal flat 0 Bare Undisturbed 0-6 14 43 43 8iC 92 91 3 S5 - 2.69
=12 10 43 47 sic 9 102 35 67 o Lad 2.71
120 51511V 795940 Low Tidal flat 0 Bare Undisturbed 0-6 9 47 M 8MC 9% 64 30 M CH 4,05 2.75
12 6 A7 47 S84C 9% 78 32 A6 CF 415 2.75
121 51511V 795940 Low Tidal flat 0 Mangrove Undisturbed 0-6 6 46 48 SiC 9% 88 35 53 oOn 10.48 2.71
~-12 9 5S4 37 SMCL 9% 99 3 65 oM 8.32 2.7%
122 51511V 795940 Low Tidal flat 0 Short veeds Undisturbed 0-6 10 43 47 8aC 95 82 35 47 om 8.01 2.76
=12 6 41 33 siC 9% 82 3 49 O -— 2.7%
123 51511V 795940 Llov Tidal flat 0 DBare Undisturbed 0-6 1 & 47 34C 9% 68 3 38 CB 2.40 12.76
12 7 45 48 siC 94 77 32 43 CH A0 2.75
126 S151IV 795940 Low Tidal flat 0 Bare Undisturbed 0-6 7 & 47 8iC 9% 68 3 38 Cn - 2.76
! 12 7 43 48 S84C 9% 77 32 43 On — 2.7%
r 128 S151IV 795940 Low Tidal flat 0 Bare Undisturbed 0-6 9 39 352 c 98 76 34 42 CH 2.48 2,74
=17 11 43 46 84C 93 79 3 46 O 2.20 2.7
126A 5556111 328777 High Upland flat 3.5 Open forest Undisturbed 0-6 2 13 5 LS W oo o= o= = 0.9 -
and gress ~12 81 13 ] LS 2 1313 0 W™ - 2.6}
1268 5356110 331779 ligh Lower slops 2 Heavy brush Undisturbed 0-6 9% 4 2 [ ] 13 o= == == = 0.46 2.€5
~12 9 7 3 s 2% 17 15 2 M -— -~
127 54561 253863 Low DBottomland 0 Short grass Cultivated 0-6 5% N 18 L 9 27 13 14 CL  1.45 -~
flat (1dle) =12 40 27 23 CL 63 30 12 18 CL 0.86 2.65
128 54561 231898 Low Bottomland 0 Rice Cultivated 0-6 10 » o [ 98 o - o= - 2,35 -
. flst ~12 7 B & [ 97 82 29 53 Cn 1.5 12.67
131 -54361 252950 Lov Lower slope O Short grass Cultivated 0-6 1 1 6 CLS 37 11818 0 M 0.78 -
1 (1dle) 12 68 14 18 GSL 3 37 11 26 s¢ 0.7 2.1
132 5561 221881 Lov Lover slope O Short grass Cultivated 0-6 15 3 € [ 92 50 23 27 o 1.9 -—
(1dle) ~12 18 30 S2 c 87 63 23 40 Cx 1.33 2.66
133 54561 24490 Low Dottomland 0 Rice Cultivated 0-6 % 30 16 L 58 24 15 9 CL 1.63 -
flat =12 42 30 28 cL ¢S 43 13 3 CL 1.15 2.6
135 545711 258981 Low Bottomland 0 Short grass Cultivated 0-6 5 2 17 sL S8 o- oo == = 0.9 -
flat (1d1e) ~-12 352 29 1Y L 62 26 13 13 CL 0.62 2.6
136 345711 289949 MHigh Lower slope 1  Drush and grase Undisturbed 0-6 0 13 7 Ls 33 16 — W M 0.3 -
~12 6 18 17 sL 43 25 13 12 ¢ 0.5 .72
137 345711 299993 Low Bottomland 0 Rice Cultivated 0-6 71 15 14 GSL 0 22 16 6 N-5C 0.70 -
flac 12 57 18 25 GSCL 53 39 1S 24 CL 0.5 3.00
138 5557111 319001 Low Lover slope 1 Short grass Cultivated -6 73 2 ? sL 0 == o == = 0,70 -
(idle) ~12 7 1 ? LS 3 15 15 o0 M 0.355 2.65
142 3557111 346034 Lowv Dottomland 0 Trees Undisturbed 0-6 2 13 3 Ls 32 = = = - 1.5 -
flat ~-12 83 1S 2 LS 8 16 14 2 WM 0.46 2.6)
# 145 31551V 741409 Lovw Bottomland 0 Short grass Cultivated 0-6 20 » a2 c 83 o= oo o = - -
flae (1dle) ~12 21 40 ¥ CcL 3 & 22 ¥ O - 2.7
146 5557111 400065 Migh Lower slops 1 Grass and brush Undisturbed 0-¢ 18 29 5N [ M 62 25 3 o - -
~12 15 27 38 c 97 8 25 43 A -- 2.64
147 555011 680349 Lov JBottomland 0 Short grare Cultivated 0=-6 s 13 2 Ls 0 o oo = - 0,3 -
flst (1dle) ~12 718 15 ? s 33 16 14 2 M 0.32 2.66
‘ 148 53371 680287 Low lower slope 1 Crass and veeds Grazed 0-6 8 27 [ ] sL 3 19 18 1 1 1.7 -
12 ¢ 20 7 sL 33 21 17 4 C-ML - 2.
} 151 35371 676296 -Lov DBottomland 0 Rice Culcavated 0-6 2 13 3 Ls 32 1817 1 ™ 0.3 -—
flat 12 83 13 2 LS 32 1815 3 SM 0,32 2.6
L 154 35571 679299 Lowv Dottosland 0 Rice Cultivated 0-6 % 18 3 | X} 0 == o= o= == 0,25 -—
flat ~12 76 20 4 LS 43 16 16 O SN 0.3 2.68
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Table Al (Continued)

]
L Tection U, TralTIcablIlty Tals ; {
Wet-Beason Condlilon Hig+Jwlsture tondition
Depth Sheargraph Sheargraph D‘e’p:h =
of bry e LR Dry T Mg Water
Site No. of layer Density ('] ur o Density u ur o Table
No. Visits _in. 1b/euft Mc,$Cr RI  RCI pai “u psi “ur lbfeuft W, % CI RI R pei Tu_  psl ur in.
108 1 0-6 108.6 13.4 151 0.42 63 108.6 13.4 1351 0.42 [ %] +1
6-12 117.6 14,0 193 9J.62 120 117.6 14.0 193 0.62 120
111 1 0-6 88.6 37.7 33 0.8 42
12 75.5 41.7 78 0.8 [ L]
112 1 0-6 78.0 39.2 48 0.8 42 '
~12 69.4 42.0 71 0.83 59 l
113 1 0-6 65.8 57.2 33 0.8 43 65.8 $7.2 33 0.81 43 S ‘
12 42.4 109.8 54 0.81 &4 42,4 109.8 sS4 0.81 &4
114 1 0-6 76.4 42.2 50 0.68 3 76.4 42.2 50 0.68 34 S
6-12 72.7 47.2 60 0.70 42 72.7 4.2 60 0.70 42 {
118 1 0-6 52.1 75.6 21 0.62 13 52.1 75.¢ 21 0.62 13 S ‘
6-12 50,2 85.7 25 0.% 14 30.2 8%.7 25 0.%6 14
{
119 1 0-6 - -— 26 0.62 16 - -- 26 0.62 16 ) I
6-12 - -— 28 0.5 16 Lo -— 28 0.56 16
120 1 0-6 79.2 40.3 61 0,86 52 79.2 40.3 61 0,86 $2 S | 1
612 74.0 46.2 5S4 0.82 44 74.0 46.2 sS4 0.82 44
121 1 0-6 49.9 84.4 15 0.64 10 49.9 84.4 15 0.64 10 1
6-12 45.2 98.2 23 0.60 14 45.2 98.2 23 0.60 14
: Y
122 1 0-6 63.0 60.6 31 0.20 22 63.0 60.6 31 0.70 22 3 ‘.
6-12 52.8 75.6 36 0.64 23 52.8 75.6 36 0.64 23
123 1 0-6 75.8 42.9 52 0.75 9 75.8 42,9 52 0.73 3 1 4
6-12 68.0 52,6 56 0.71 40 68.0 32.6 56 0.71 40
124 1 0-6 - - 48 0,75 36 - - 48 0.78 3» 1
=12 - - 7 o0.71 40 - - $7 0.71 40
12% 1 0-6 69.9 47.8 38 0.57 22 9.9 47.8 38 0.37 22 1
r ~12 64.9 57.0 43 0.78 34 64.9 57.0 43 0.78 3%
. 126a 1 0-6 100.8 9.1 109 - -—
6-12 - - 123 - {
1268 1 0-6 9.2 9.1 146 -- -
6~12 -— - 225 o -
.
127 1 0-6 109.2 15.8 147 0.1 119 *
=12 103.6 16.4 185 - -
128 1 0-6 85.2 33.4 81 1,12 20
r 12 777 395 100 —~ -
131 1 0=-6 116.4 17.2 184 1.52 280 116.4 17.2 184 1.52 280 +3
~12 112.9 20.4 311 - -— 112.9 20,4 311 - -
132 1 0-6 81.4 29.6 4 - -— 81.4 29.6 % - — R S
b =12 - 32,0 115 - - - 32.0 11§ - -—
133 1 0-6 9.2 27.9 104 0.60 62
~12 9.0 22.8 263 -- -—
138 1 0-6 103,2 19.2 3 0.69 ¥
=12 105.4 19.4 133 0.83 110 ‘
136 1 -6 105.8 12.2 241 -- -
=12 103.¢6 11.3 W - -
] 137 1 06 103.6 15.4 40 - -
=12 117.3 15.7 M1 - -—
138 1 -6 100.8 17.7 206 1.3 328
12 105.2 13.3 37 113 38l
182 1 0-6 88.6 6.8 146 -~ b
} 12 9.2 5.4 114 - -
145 1 0-6 -— 48.0 42 0.7% 32
~12 - 4.3 7 o.78 62 4
F 146 1 -6 - - 9% -~ -
=12 - -— 11 - -
147 1 0=-6 - 16.9 13 1.16 137
612 - 14.3 226 - -
O 148 1 0=-6 103.6 22.5 130 0.60 7 103.6 22.5 1 0.60 78 +)
~12 - - 275+ 0.54 149+ - — 275+ 0.54 149+
1 151 1 0=-6 103.0 18.6 63 1.04 68 103.0 18.6 65 1.04 [1] 1
612 104.6 17.4 145 0.98 142 104.6 17.4 145 0.98 142
v
154 1 0=-6 93.2 13.0 5% - - 935.2 10 - - +18
=12 97.6 16.0 1% - - 97.6 16,0 130 - -
f
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Table Al (Continued)

!
BectIoh K. STti Vata Section B. Boll Data ‘
Tocation — p Or-
orid Depth Atter- ganic Spe-
Coor-  Topog- Topo- of xture By‘Ht berg Con- cifie
Bite Mep  di- raphy graphic Slops Layer 5_%31_ LL*M tent Crave
No. Sheet nates Class Position 3 Vegetation Land Use in. and 5ilt Clay Type FPines LL PL PI Type _L Ay
155 35371V 542170 Lov Bottomlend 0 Rice Cultivated 0-6 7% 21 4 sL 33 1S — WP M - -
flat 612 75 19 6 Ls 3 16 -~ WP W™ -~ -—
156  SASTIII 452119 Lov Dottomland 0 Rice Cultivated 0-6 7% 21 3 LS 42 17 - W SM 0.32 - !
flat 6~12 70 17 13 SL 4 20 17 3 SsM 0.5%5 2.65
157 SASTIII 436119 Lov lower slope 1 Scattered treec; Cultivated 0-6 66 30 ] L 58 16 -- W W 0.3 - ‘
logged (idle) ~-12 &7 32 21 L 65 31 15 16 CL 0,62 2.66 )
158 SASTI 238262 Migh Upland flat O Jute Cultivated 0-6 0 16 4 Ls 33 17 — N SM 0.5 -~ {
=12 80 17 3 LS 35 18 -- WP SM O0.30 2.64
161 343571 321201 Llov Dottomlend 0 Rice Cultivated 0-6 35 43 22 L 87 29 19 10 C -— -
flat 612 43 W 23 L 72 31 14 17 C - 2.67 l
162 54371 321201 Nigh Upland flat O Short grass Cultivated 0-6 63 27 10 SL 7 21 18 3 M 1.95 Cd J
(1d1e) 612 67 23 10 SL 47 21 19 2 SM  35.32 2.3
163  5357IV 358201 Migh Uplend flat 0 Jute Cultivated 0-6 72 2 7 sL A7 20 -- W SH 1,03 -
6~12 72 22 6 SL 45 19 - ¥ sM - 2,62
164 35371V 357201 Lov Bottomland 0 Crass Undisturbed 0-6 23 % 23 siL 87 27 19 & CL 0.7 -— 1
depreseion 612 30 351 19 siL 84 26 17 9 CL 1.4 2.6)
163  S357IV 403198 Lov Bottomland 0 Rice Cultivated 0-¢ 43 42 13 L 70 23 14 9 cCL 0.70 —
flat ~-12 32 ¥ 30 CL 77 31 14 17 & 1.77 2.7
166 5571V 386197 Low Bottomland 0 Grass and brush Crazed -6 35S 31 14 GSL 33 20 16 4 CL-ML 1.0 -— { 3
flat 6~12 41 29 30 GCL 62 48 18 30 CL 0.62 2.82 I
} 167 35571V 390197 Low Lower slope 1 Rice Cultivated 0-6 35 4 19 L 75 26 15 11 CL 0.78 -—
12 3 & 22 L 7% 3 15 15 CL - 2.70 1
168 35571V 492201 Lov Bottomlemd 0 Rice Cultivated 0-6 9 3 8 SL. S7 16 -~ NP ML 0.62 bl i
flat 612 352 3 18 L 60 24 12 12 CL 0.38 2.68
170 S15411 143987 Nigh Lower slope 15 Tall grass Cultiveted 0-6 7 20 10 sL 3% 29 17 12 ¢ 2.2 -
(1dle) 6-12 63 22 13 GSL 28 25 17 8 SC 1.82 2,63
>
171  S134I1 141980 liigh Lower slope 52 Grass and brush Undisturbed 0-6 50 3% 14 L 6 27 19 8 C .72 - .
6~12 3% 31 13 L 32 17 16 1 WM 2.48 2.67
172 S154I1 120991 Lov Dottomlend 0 Com Cultivated 0-6 58 29 13 SL 4 = == o= u 2.% -
depression ~12 63 26 11 sL 43 26 21 S5 SM-3C 2,42 2.67
173 S154II 112002 Low Bottomland 0 Tall trees and Undisturbed 0-6 2 » 8 sL 4 o= oo e e 202 - {
flac bastoo ~12 60 3 9 SL 47 16 14 2 SM 1,33 2.60
174  S1S4IX 099991 Lev Upper slope 2 Grase and brush Grazed 0~ - = - -~ 28 25 3 M 328 .- )
’ 6~12 S6 33 11 L 52 17 17 o ML 1.65 2.61
175 S1S4IT 076013 Lev Bottomland 0 Rice Cultiveted -6 S » ] sL 52 14 ! 1 ML 1.82 -—
flst =12 43 &4 13 L 63 180 14 4 CL-ML 1,43 2,61
176  S51S4IT 070021 Lov Terrace flst O Scattersd trees Cultivated 0-6 28 6 11 siL M o= == == . 319 -
L (1dle) ~12 28 57 15 8iL 7 180 16 2 M 2.42 2.8)
177 523311 457666 Lev Terrace flat 0 Rice Cultivated 0-6 32 & 22 L 0 == = =~ o 31 -
6~12 30 45 25 L 02 44 22 22 CL 2.87 2.7
178 S253IV 421691 Low Tarrece flat O Rice Cultivated 0-6 7 %0 43 8iC % 48 3 15 ML 4,92 -
o . ~12 6 ¥ 58 c 9% 62 29 N O 518 2.8) ‘
179 52331V 164843 Lov  Bottomlend 0 Riee Cultivated 0-6 23 60 17 L 02 v o o= o N -
flst =12 18 3% 23 1L 8% 3 19 11 C 3.91 2.6
100  S1SAILI 733062 Lew DBottomlemd 0 Rice Cultiveted 0-6 8 53 39 SiCL 96 = o= = — 4. -
flst ~12 5 52 43 sic 9% 61 21 &0 om 3, 2.7
181 52541V 160089 Lov Bottomlend 0 Rice Cultivated -6 21 6 14 SiL 0 20 24 4 W 1.9 -—
flat =12 22 57 21 siL 82 28 20 8 CL 1.65 2.60
102  S254IV 167100 Low DBettomland 0 Rice Cultivated -6 2 2 » cL 02 = o= o= o= 0.7 -
flat ~12 35 29 3 cL 82 70 21 4% COu 0.5%5 2.8
104 52341V 160124 Lov Bottemland 0 Rice Cultiveted 0-6 13 54 33 BCL 92 = o= = - 18 -
flat =12 11 55 34 SiCL 93 47 22 2% CL 1.33 2.6
' 186  S135IIX 650380 Lew Drrte=. .0 0 Riee Cultivated 0-6 13 49 38 HCL 95 o= == o= o 3,27 2.69
s =12 18 43 39 SMCL 93 46 22 % - -
187  S1SSIII 633300 Lewv ot trwlamd 0 Tall trees Undisturbed 0-6 s ¥ % c 9 = - = e 2,78 -
o sreseion 612 4 3B 38 c 7 59 27 12 o - anm
109  31S5IIL 804351 Lev DBettomlend 0 Grase Village 0-6 38 45 17 SiCL 60 49 23 24 CL 4.20 - o
flat ~12 22 & 7 L 76 48 23 23 cC -— 2.64
& 190  SISSIII 799358 Lov DBottomlend 0 Shert gress Cultivated 0-6 10 3 3 (4 92 70 3 4 O 300 2.7
flat (1dle) 012 o= oo == - S R R S H= s
v
1 19 S13SIT 950398 Nigh Terrace flat 0 Corm Cultivated 0-6 23 &8 27 L 0 == = = - 3.8 -
~12 22 5 ¥ cL 3 & 22 2 - -
(Continucd) (9 of 12 sheets)
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h - Table Al (Continued)
r ” ec . alTical .
p ~WetBeason Condltion &= “WIgh-Wolaturs Condltion
Pepth 7 Tepth to
of ory —r—"‘%c B: bry : sr;:rpgt Tan~ Jater
Site No. of layer Denaity u Sar o Demsity u Sur 0 Table
< Mo Vistts . b/eute w,gcr M Ao pat P gt %wr W/ewte e g ocr mr omr opet fu opet fur .
\
155 1 0-¢ - - M e = - S Y - "
12 - - AW = - = - M - =
1% 1 0% 105.2  17.6 153 1.24 190 105.2 17,6 153 1.24 190 +
612 103.9 18.2 198 1.14 226 103.9 10.2 198 1.14 226 .
199 1 o6 1045 174 93 -~ - 104.5 17.4 93 - - )
612 1000 19.6 173 — - 100.6 19.6 173 -- -
] 158 1 06 5.2 9.8 N8 -~ -
3 12 92.0 102 270 - -
10 1 0 - - 8 - -
12 - g— 197 - - i
) 192 1 06 1006 15.6 64 0.48 3
12 1076 1.8 56 0.22 12
13 1 06 9.2 170 127 -~ ==
l 12 - - 142 - -
166 1 06 NS 2.4 122 0.% 41 9.8 23.4 122 0.34 41 +2
12 5.8 229 138 0.20 28 95.8 229 138 0.20 28
s 1 0-¢ 9.2 22,1 33 0.81 43
12 1020 20.8 117 0.78 91
166 1 0% 1061  18.4 99 0.26 26 N
12 110.4 20.2 103 0.51 53 .
i 167 1 08 1030 2.3 63 0.3 23 103.0 21.3 63 0.3 23 +*
12 9.6 230 111 0.72 80 9.6 23.0 111 0.72 80
18 1 06 1070  18.4 140 0.90 126 107.0 18.4 140 0.90 126 +12 |
12 1139 160 204 0.66 131 113.9 16.0 204 0.64 131
170 1 06 85.5 219 43 038 16 |
1 12 9.8 184 67 o= - |
. M 1 o6 9.4 209 57 0.64 36
612 9.9 19.8 118 0.3 3
1722 1 06 9.1 264 60 0.3 20 91.1 26.4 60 0.3 20 +
. 612 96.7 258 68 012 8 9.7 23.8 68 0.12 s
M1 o .6 2.7 49 0.2 14 9.6 23,7 49 0.28 14 6
12 9.6 229 51 020 14 9%.6 22.9 51 0.28 14
M1 06 9.0 0.6 95 0.3% % 89.0 24.6 95 0.36 M 12
12 92.6 220 60 0.16 10 92.6 22.8 60 0.16 10
179 1 06 1008 20.0 63 0.82 53 100.8 20.0 65 0.82 953 +
12 100,2 20,4 106 0.22 23 100.2 20,4 106 0.22 2)
\ 17 1 06 9.5 25,8 1274059 7%+ 90.5 25.8 127+ 0.59 1%+ +10
612 100.0 20,8 300+ == == 100.8 20.8 300+ == -
177 1 s 9.0 243 128 0.63 81 97.0 24.3 128 0.63 81 +
=12 N8 216 270 0.47 127 ‘94,8 27.6 270 0.47 127
178 1 o6 M4 40.5 36 0.4 16 7.4 40.5 3% 0.48 16 *
612 $3.6 3.2 124 0.84 104 83.6 7.2 124 0.84 104
17 1 o0~ 100.4 22,0 91 0.20 18 100.4 22.0 91 0.20 18 +
-12 - 2.6 129 055 7N —  27.6 129 0.55 1
1 1 o6 0.3 3.4 9 076 73 83.3 3.4 99 0.76 13 +2
12 85.2 32,0 127 0.8 107 85.2 32.0 127 0.84 107
M1 06 8.2 0.6 104 037 38 88.2 0.6 104 0.37 % +12
-12 $6.4 250 193 0.42 81 9.4 25.0 193 0.42 81
12 1 0 — 26,8 143 066 94 —~ 268 143 0.66 % e
12 - 22,0 298 — - - 22,0 295 - -
18 1 06 - W1 e 124 78 - 3.1 6 126 78 +*
! =12 -~ 256 103 0.9% 97 -~ 25,6 103 0.94 97
1% 1 06 83 31—~ -
12 - - 40 - -
197 1 o6 - 3.8 56 0.90 52 - 13.8 58 0.90 32 +1
12 - — 117 e == — == 1] = -
.
19 1 06 —~ 294 109 072 78
‘ 12 - - 188 =~ -
1% 1 06 - - 42 098 M1 - = 42 098 @& +
! . 12 - — 65 1.00 68 —~  a= 65 1.00 68
192 1 o6 - - 100 - -
12 - - 196 o~ -
r
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Table Al (Continued) "
Section K. _Bite T ection B. ata
location Ore
T Depth Atter- ganic Spe- (
Coor- Topog- Topo- of ure By Wt berg Con- cific
B et mta e R T e it fes R 2 U o
No. Sheet nates Class Position 9% Vegetation Land Use in. Type Fines LL PL PI Type 4
193 513511 9351381 Migh Terrace flat 0 Comn Cultivated 0-6 W 38 2 cL 70 oo o= = o 1.13 -
612 3¥» 3 L 6 31 17 14 CL - 2.65
195 5155111 865317 Lov Bottomland 0 Rice Cultivated 0-6 13 29 %8 [ 92 o= o= == o 4,05 -~
flat 6-12 13 20 67 [ 93 89 43 46 MM 1.77 2.7
196 515511 911230 Low Bottomland 0 Short grass Graged 0-6 13 41 A6 S4C 9 116 44 72 O - 2.69
'hg 6~12 -— -— - —5 - - ww @ — -— -
198  S1541V 874146 Lov Bottomland 0 Trees Undisturbed 0-6 S 45 30 sicC 97 o= == e 1,65 - {
flat [ H 7 % 9 c 97 76 25 51 CH 1.4% 2.72
201 51341 030191 Lov Bottomland 0 Rice Cultivated 0-6 3 ¥ L 68 == o= == e 2,78 - |
flat 6=12 43 33 % L 63 34 17 17 C 1.05 2.72
202 L2511 994242 Low  Dottosland 0  Tapiocs Cultivated 0-6 s A3 7 cL 7 M 20 14 CL 2.87 -
flat 6-12 22 42 ¥ L 83 37 18 19 CL 1.65 2.70 {
206 51341 130102 Lov BSottomland 0 Rice Cultivated 0-6 12 40 48 SiC M = oo == o - - p
flat 6~12 9 3B 5N c 92 61 22 39 o« - .73
i
208 5757111 590000 Low Bottomland 0 Rice Cultivatel 0-6 33 8 SL 87 15 14 1 ML 1.65 - (
flat 612 &40 28 N2 cL 67 38 15 23 CL 1.3) 2.66
210 53371 739230 Low Bottomland 0 Rice Cultivated 0-6 73 25 2 LS 4 o= o= = - 0.82 - ‘
flat 6-12 715 22 b ] LS 43 14 -~ NP M 0.46 2.6) {
211 36S7IVI 012111 Lov Bottoalamd <1 Rice Cultivated 0-6 S0 42 [ ] L 9 21 19 2 M 1.8 -~ |
flat 612 42 3B 20 L 70 27 15 12 CL 2.08 2.64 (
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' Table Al (Concluded)
> ection C. ca ta
{ ~Wet-Beason Condition Tgh-Folsture tondition E—
] Tepth Shea P
of Dry O ~-wns — a1 e ety Water
S8ite No. of Layer Denmsity v g %ar o Density u g Table
No. Visits in. 1bfeuft MC,$CI _RI RCI psi u psi _ur bfeuft W, % CI M RCI psi 'w  psi__wr _in.
[ 193 1 06 101.1  21.6 113 1.00 113
612 - -~ 205 == -
195 1 0 -~ 58,2 51 1.04 53 - 582 51 1.04 %3 +*
612 - -~ 77 0.8 65 - - 77 0.84 6
1% 1 0~ - -~ 55 - - - - 55 - - +*?
612 - — 61 = - - - &7 - -
198 1 0-6 .2 43.6 27 0.62 17 .
612 83.6 37.5 59 0.68 40
201 1 06 - 352 48 -- - - 35,2 48 - - 2 Y]
612 - 234 101 - - -~ 234 101 - -
202 1 0 9.6 26.7 60 0.66 40
6-12 1014 22.6 97 0.68 66
206 1 06 9.0 752 0.80 &2
612 - -~ 88 0.8 74
‘ 208 1 06 9.5  19.8 147 0.36 53 9.5 19.8 147 0.% 5 +
612  100.2  20.5 165 0.58 96 100.2  20.5 165 0.50 96
210 1 0-6 1014 17.8 184 — -
6-12  100.5 17.8 475 - -
m 1 06 - 22,3 78 0.00 62 - 223 78 0.0 @€ )
6-12 -~ 25.9 105 0.82 8 - 259 105 0.82 8
»
a
.

(12 of 12 shests)
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Table A2 f
'rafficability Classification 8t
Summary of S8ite, S8oil, and Trafficability Data {
Bection K. Sité Dita — section B, ata
Tocation WIS Or- {
I—— v, Depth USDA Atter- ganic Spe- |
Coor-  Topog- Topo- of ure By‘Ht berg Con- glﬂe |
Site Map a- raphy graphic Slope Layer We Linits tent Grave
lio.  Sheet mates Class  Position _§  Vegetation Jandse  in. Band IECTay Ivpe*fines LI L PT mType _ % ity
Nakhon Sawap Area
1A 59581 935583  Low Bottonland O Short-grass Cultivated 0-6 -— e - - - =t e e e - -
flat prairie (4d1e) 612 30 16 34 sCL $2 27 13 14 CL O0.62 -~ H
18 39381 9573584 Low Terrace flat 0 Low scrub Undisturbed 0-6 - e e == - e e en  e= -— -—
savanna 6-12 43 23 W cL 61 33 14 19 ¢ 0.70 -
1IC 359581 930589 Low Upland 0 Low scrub Undisturbed 0-6 - e e = e mm e me e - -
depression savanna 612 52 27 21 SCL 8 24 12 12 € 1.10 - (
1D 59581 950589 Lov  Uplond flat 0 Low scrub Undieturbed 0-6 - e e = e e ee ae e - -
savenna 12 27 ¥ % CL 83 33 16 17 CL 1.40 2.72
24 59581 973562 Low Bottonland 0 Short-grass Cultivated 0-6 -— e e == - "= e am e - -
flat prairie (1dle) 6-12 49 18 33 SCL 53 36 18 18 cCL 0.70 2.72
28 59581 978563 Low Bottomland 0 Short-grass Cultivated 0-6 = e e - e == ee e e - == ¢
flat prairis (idle) 6~12 48 30 22 L 3 21 12 9 cL 0.76
2C 59581 982568  Low Terrace 1 Short-grass Cultivated 0-6 - e= e - e =% ee e e -
slope prairie (rice) 612 40 37 23 L 67 25 15 10 CL 1.% 1
2D 5958 984570  Low Terrace flat 0 Tall scrub Cultivated 0-6 - == aa - . == e am e -
savanna (corn, rice) 6-12 16 49 35 SICL 90 29 17 12 L 1. =
2 39581 994388  Lov Terrace flat 0 Tall-grass Cultivated 0-6 -— e e = s == s ae e - -
prairie (1dle) 612 218 16 ¢ LS 27 = -~ Np SH 0.31 2.62 «
34 495811 9476 leov Terrace flat 0 Short-grass Cultivated 0-6 - e e - - e en ee e - -
prairie (rice) -12 66 22 14 SL 49 19 14 5 SM-5C 0.86 2.60
P
3B 493811 993480 Lov Bottomland 0 Short-grass Cultivated 06 - m= - —— == e ae e - o
flat prairie (rice) 612 43 ¥ 18 L 68 24 14 10 CL 0.78 - 4
44 S0SSIII 115373  Low Natural 0 Short-grass Undisturbed 0-6 - o= .= = o = en en e= - —
. levee preirie 12 38 M 2 cL 70 34 20 14 CL 0.8
»
43 S0S8II1 115373 Lov  Strem 0 Short-grass Undisturbed 0-6 — e e "= ee e em e= -
botton prairie 12 19 S0 31 SiCL 8 3 20 14 C 1.72 -
4C  SOS8III 115374 Low Ratural 11 Short-grass Undisturbed 0-6 - ee ae bl - == e e = - -
levee prairie 12 351 3 L 65 21 16 3 CL-M 1.24 2.60 . l
4D 303811 101393  Low Bottomland 0 Short-grass Undiscurbed 0-6 -— == e e - -
flat prairie 12 6 23 10 SL 42 12 10 2 s 0.76 2.61 )
4F 5058111 110392 Low Terrace flat 0 Tall scrud Sanana 0-6 - e e -_ - e . my W - -
savenns orchard ~12 70 22 [ ] sSL [} 15 14 1 sM 1,24 2.61
I SA 350571V 213215  Low Lover slope 1 Tall scrub Cultivated -6 -— e e = - mm e = e - ol
savenns (comm) ~12 N ¥ CL 75 42 24 18 c. 2.90 -
58 30571V 215214 Low Lover slope 1 Short-grass Cultivated 0-6 - o~ e = es = ce em e- - -
prairie (corn) 12 41 33 2 L ¢ 31 17 14 € 2.75 -
5C 50571V 224212 Nigh Upper slope 13 Tsll scrud Undisturbed 0-6 - e= - - et e e e -
savanna 12 43 41 16 L 0 27 25 2 Wmw 1.05 -
SO 50S7IV 227211 migh Upland flat O Tall secrwd Undisturbed 0-6 - e s = e = an ee - - -
savanna 12 25 B ¥ CL 82 43 2% 19 a 2.35 2.7
3B 30571V 233209 low Upland 0 Short-grass Cultivated -6 — e e = e = ee e o= - -~
depression preirie (1dle) 12 3 12 Nn CL 68 41 16 25 CL 1.40 =
6A  S038III 207343 Lov  Matursl 0 Short-grass Undisturbed 0-6 - e ae = e= == e ae e - -
T levee prairie 12 W M 22 L 8 30 20 10 cC. 1.
6B SOSBIIL 207342 Low Bottomland O Tall-grass Cultivated 0-6 — e e e - -~
flst prairie (1dle) 12 31 M 35 oCL 52 3 17 19 ¢ 1,08 .73
6C  S0S8III 207341 Lev Bottonland 0 Tall-grass Undisturdbed 0-6 — .= - = e mm e ea e - - .
flat prairfe -12 21 37 a2 c 0 355 21 % a 0.76 -
I 6D  SOS8III 207341 Migh Terrsce flat 0 Tall scrud Undisturbed 0-6 — - .- T e " ce e - - -
savamna =12 18 42 40 S1CL 1 56 20 ¢ O O. =
l 6L  50S8III 207341 Nigh Lower slope 1 Tall scrud Undisturbed 0-6 — - .. = e == aa ee - - -
savanna 12 14 Y 56 c % 70 27 43 CH 1.40 2.74 9
A S057IV 226322 Low Bottonland O Short-grase Undisturbed 0-6 -~ == s - - = e ee e -— -
flst prairie 12 16 51 33 S4CL 90 49 21 28 CL 2.10 -— /
7 30371V 227322 Low Terrace 4 Tall scrub Coconui -6 -— o= = e = e o= e -— -
slope savenns orchard 612 37 N 32 6L 51 35 18 17 a 105 L%
7C 50571V 227322 Low Terrace flat 0 Low scrub Undisturbed 0-6 — e e bt - = e - e - -
savenas 12 33 » » € 73 60 20 32 0 1.10 -
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; Table A2 (Continued)
[}
I
| ) Vot Jeescn Tondltlon Migh WoTsture Condition
Bepih Depth to
L ... R—
) 8ite No. of layer Demsity a s
\ Bo. Visits _1a. £t 4 CI XX XTI pei " pet _w Jb/eugt M, % CT KX KT pet u  psi 2.
Makhon Sewan Ages
1A 1 113.2 166 60 - -~ 3.6 0.30 1.4 0.70 113.2 166 60 - -~ - — = - 5.0

107.2 1.9 83 0,40 N 107.2 18.9 83 0.40 »

109.3 16.1 163 - 5.0 0.73 0.8 0.62

102.8 20.8 132 1.00 132

5.3 0.75 0.80.60 +0.5

e
.
s
21

9.0 24.0 58 0.38 N 97.0 24.0

9.6 23.1 208 - - 0.7 1.19 2.1 0.31
.5 6.3 133 0.6 &

0-6
=12
[ ]
-12
1c 1 0-6 95.0 23.6 30 - 5.3 0.75 0.8 0.60 95.0 23.6
~12
-6
12
0-6

2A 1 - 14.3 214 - - 1.7 0.33 0.2 0.47
-12 - 25.2 305 0.67 204
» 1 0-6 108.4 12.6 163 - - 2.0 0.78 1.9 0.33
| =12 108.5 18.7 140 0.58 81
2c 1 -6 86.6 19.2 119 -— - 2.0 0.78 0.0 0.5
=12 9.4 15.7 253 o0.70 177
0 1 0-6 7l.1 21.4 181 - -~ 5.8 0.78 1.0 0.%8
-12 7.7 25.2 172 0.46 i)
n 1 0-6 101.1 12.4 66 - - 2.0 0,51 0.2 0.40

~=12 10%.1 12.1 37 0.5 %N

n 1 0-6 105.4 13.1 3% g -- 3.0 0.5 0.0 0.60
-12 9.0 10.1 382 0.32 122

3 1 0-6 105.1 17.0 112 — .1 0.51 0.7 1.00

12 103.6 21.8 107 0.54 S8
0.2 0.58 0.8 0.58

b A 1 06 97.2 20.2 246 -— -
12 88.4 20.8 238 0.58 138
o 1 =6 9.6 27.4 123 — - 3.4 0.3 1.6 0.22 90.6 274 125 - - - — e - 12.0
2 12 959 23.9 135 041 55 95.9 23,9 135 0.41 S
! o 1 06 - 15.8 5404 — - 0.0 0.84 0.6 0.2
| 12 %.2 14.2 607+ 1.06 1129+
4 ' 0 1 06 109.2 13.8 121 - - 0.0 0.47 0.0 0.3
12 113.8 13.3 8 o0.22 19
P - 1 06 107.7 13.4 146 — — 0.0 0.67 0.2 0.40
=12 9.4 12.0 151 2.0 310
SA 1 0= - 22.8 157 - - 0.8 0.65 0.0 0.5
[ 12 - 23.7 2588 — —
. s» 1 -4 %.3 15.9 191 - - 0.0 0.45 0.2 0.58
~12 -_ 20.1 211 1.23 260
sc 1 0= - 12,3 750¢ - — e e= e ==
612 -— 15.8 750+ - -
) L) 1 0= - 12.6 705+ ~- - 0.0 0.73 0.0 0.47
612 - 14.1 750+ - -

52 1 06 2.3 41,3 61 - = 0.2 0.09 0.7. 0.23
~-12 23.4 26.4 129 0.70 9%

[ 1 06 90.9 14,3 211 - - 0.1 0.53 0.0 0.60
-12 91.0 28.4 277 0.62 173

[ ] 1 0= -— 26.0 269+ - - 0.3 0.40 0.2 0.51
~-12 - 23.5 69 — =
o 1 06 2.7 40.2 62 - - 1.0 0.49 0.4 0.27
-12 2,4 3.4 8 0.81 65 .

=] 1 0= 90.5 22,0 144 - - 0.0 0,50 0.0 0.4
12 8.1 32.6 9 o0 3

[ 1 0-6 - 2.2 134 - - 0.0 0.53 0.0 0.34
-12 - 35.1 13 0.9 131

— e ————

| A 1 06 9.2 2.5 92 - - 2.0 0.3 0.1 0.12 90.2 2. 97 - - 2.0 0.3 0.10.12 +1.0
| ~12 8.1 ¥».5 9% o.n [ 1] .1 ¥%.5 9% o0.72 (L]

n 1 0= - 19.3 320 0.8 0.51 0.2 0.37

} - =12 - 22.8 AN
© 1 06 - 23.9 319 -~ o 2.8 0.49 0.7 0.3
P -2 -~ 26.6 321 @~ -

(Continusd)
* o, ultimte eoil-to-s0ll cobesion; f, , Wltimate soil-to-soil angle of isternal fricticn; o . , Witimate ‘s0il-to-rudber adhesion)
» ultimate soil-to-rubber angle of frictiom.
t Plus (+) demotes depth of water above surfuce.
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Table A2 (Continued)

—_BectIoh K. BTt Dt Teton -
e e ¥._BoIl Data -
Depth Q‘ Atter- ganic Spe-
Coor- Topog- Topo- of X By Wt berg Con- cific
Site Map di- raphy  graphic Slope Layer ? Htl g ] ts tent Orav-
No. _Sheet Class _Position _ % Vegetation _land Use  _in. ay Iype Fines ﬁ"ﬁ Tpe _3 iy
D SOSTIV 244310 Nigh Terracs flat 0 Woodland Undisturbed 0-6 - e o= e v me e o= e - -
12 43 3% 19 L 52 3 23 16 CL 2.0 -
I8 50371V 244318 Low Bottomland O Short-grass Undisturbed 0-6 ~~ e e -— -~ ee e e - - -
flat prairie 12 42 38 20 L S8 28 12 16 CL 0.64 -
7 50371V 243318 Low Sottomland O Tall-grass Undisturbed 0-6 —_— == e -— - = e = e - -—
depression srairie 612 31 50 19 SiL 6 28 12 14 C 0.92 -
SA 50571V 206239 Lov Dottomland O Short-grass Cultivated 0-6 — e ee == = ee e= ee == = -
fiat prairie (rice) =12 44 32 2% L 66 30 16 14 CL 2,30 -~
80 S057IV 206239 Low  Terrace 1 Low scrvb Cultivated 0-6 o ew e - e == e ae e - -
Qlope savenns (idle) =12 27 &0 3 cL 82 63 23 40 OO )10 -
8C S0S7IV 223266 Nigh Upper slope 5 Low scrub Undisturbed 0-6 — == == - - e= e= o= == - -
savansa -12 S5 29 16 SL 48 25 18 7 SN-8C 3.10 2.72
8D 5037IV 217268 Righ Draissge 0 Tall scrwb Undisturbed 0-6 - = e == - e ee e e -— -
diteh woodland 612 20 67 13 SiL 9% 35 28 7 ML 2.75 -~
8 S5057IV 217264 Low Bottomland O Short-grass Cultivated 0-6 — o= e - = e= e ee == -— -—
flat préirie (rice) 12 51 30 19 L $7 31 17 14 C 473 -~
SA 30371V 209322 Low Bottomland O Tall screb Undisturbed 0-6 - e ee - o= e= o= == == - -
flst savenne 612 42 3 23 L $9 43 19 24 CL 350 -~
98 30571V 214187 Low Bottomland O , Short-grass Undisturbed 0-6 - ee = -— — e= ee ee == - -
deyression prairie 612 48 27 25 WVGSCL 2) 26 13 13 G 0.76 -
9C S037IV 214187 Low Bottomland O Short-grass Cultiveted -6 - o= == -— -~ e ee e = - -
flat prairie (rice) 12 6 24 1 sL 41 18 12 6 .SN-8C 0.66 -
Loe Buri Arss
10A 31331V 884741 Low Bottomland O Short-grass Cultiveted -6 -~ o= o= - m  mm ee ee = - -—
flat prairie (rice) ~-12 S 43 32 81C M 6% 26 43 Cn 1.60 2.72
108 51331V 859734  Low Terrace flat 0 Short-grase Undisturbed 0-6 - = = - - e == s e - —-—
prairie 612 15 40 45 S8iC o 55 27 28 ¢C 110 ~—
10C  S1353IV 713745 Low Bottomland O Short-grass Undisturbed 0-6 o~  ee == - s en er o= - - -
depression prairie =12 12 43S 43 38iC % 35 24 31 C 0.92 -~
10D 513531V 713744 Low Terraca 3 Short-grass Cultivated 0-6 - e= e == - we == e e -~ -
slope prairie (1dle) -12 9 45 46 81C % 56 2) 3 On 1. -~
108 S1331IV 712744 Low Terrace flat 0 Short-grass Lawn 0-6 e - == - = we = == e - -
prairie =12 1S 43 42 8iC 89 A4 20 24 CL 110 -
11A  S154III 721871 Low  Bottomland O Short-grass Grazed 0-6 - = == - - = em e e == -—
flst prairie 612 9 41 30 SiC 9% 70 29 41 OO 1, 2.69
113 S1S4III 717872 Low Terrace flat 0 Short-grass Cultivated -6 = o= e — - ee o= e e - -
prairie (rice) 12 12 S3 35 SiCL 9% 43 20 28 CL 1.10 -
11C  S1SAIII 717872 Low Natural 0 Short-grass Cultivated 0-6 - e= - - - e es o= o= - i
levee prafrie (idle) 612 18 51 31 SsicL ¥ 42 19 23 C 2,10 -
11D S1S3IV 774824 Low Sottomland O Tall-grass Cultivated 0-6 - == = - o o= s o= == - -—
flat prairie (rice) 6-12 s 3 %N [ 9% 70 26 MM OB 172 -
11E 31531V 7035724 low  MNatural 0 Voodland Apple 0-6 -— = e -— — e= o= e ee == -
leves orchard =12 S 40 35 siC 9 67 22 45 OO 124 -
3124  S154I1 939923 lov  Terrace flat 0 Tall scrub Cultivated 0~6 -~ = e- - —~ = e e= = e -
savaana (1d1e) =12 19 3B 8 c 83 5S4 22 32 O 2.0 2.
128 515411 939923 Low Tervace flat 0 Woodland Undisturved 0-6 - - = - - e= es e= o= - -
~12 W 3 30 c 91 63 23 42 0 3230 -
12C  S1S4I1 027877 Lew Terrace flat 0 Woodland Apple 0-6 -~ o= == -— — e e e = - -
orchard =12 16 62 22 SiL 9% 3 24 15 CL 35 -~
12D 515411 025877 Low Sottomland O Short-grass Cultivated -6 -~ o= == - - me o= ew = - -—
flat prairie (1d1e) 12 12 A6 42 B8iC 9% 46 22 24 CL 2.0 -~
128 S1S4I1 015866 Lov Tercace flat 0  Short-grass Cultivated -6 ~  ee - -— . @ oo o= - - -—
prairie (idle) 12 10 ¥» % [ 97 88 2¢ 62 Cn 1.10 -
134 S155II1 873316 Low Bottomland O Short-grass Grased -6 - = e - - em em == == - -
flat prairie ~12 9 435 A6 81C 93 00 3 0 o 2. 2.67
138 S1S3ILT 873317 Low Terrace $ Tall-grass Cultivated 0=6 - e == -— — me e= e == - -
slope prairie (grased) 612 9 65 26 SiL % 60 23 N O 2,75 ~-
13C 5135111 873317 Low Terrace flat 0 Short-grass Cultivated 0-6 ) - = ee e o= - - -—
prairie (idle) 12 22 35 23 SiL 71 57 27 3% CB 310 -
13D S13SII1 841331 Low Terrace flat 0 Woodland Coconut 0-6 - e == - - = e e - - -—
orchard 12 19 63 18 siL 70 3% 22 13 CL 2.0 -

(Continucd)
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Table A2 (Continued)
L
» 3 . CA ta
' Vet -Teason Condition High-Yolsture Condltion S——
Depth She Shea \ ok
4 of Dry ——1—2‘% Dry __Wr‘r_-&_m_ Water
Site No. of Layer Density “u '““ Sar a Density ®u s Sar a Table
No. Visits in. 1dfeuft X, §CI NI ACI psi u pst _ur ibfeuft M, $ CI  RI RCI psi "u pai _wr _in.
L ™ 1 06 - 12,6 5484 - — 0.8 0.27 1.4 0.20
f ~-12 - 10.3 N¥» - -
n 1 06 100.8 16,3 54 - - 0.4 0.16 0.3 0.09
12 103.6 1635 79 0.8 M
" 1 06 104.0  19.0 152 - - 2.2 0.23 1,0 0.22
12 110.3 17.9 271 048 1%
(7 1 06 7%.3 376 92 - - 0.0 0.30 0.0 0.2%
=12 100.2 17.9 142 1.00 142
» 1 0-¢ - 21.0 356 - - 0.8 0.23 1.0 0.16
12 - 22,3 w2 -
| o« 1 0-6 - 7.9 61H - -~ 0.0 0.28 1.0 0,22
! =12 - 8.7 750+ --
r ® 1 0 - 7.8 608+ ~— - 1.9 0.47 0.7 0.27
6-12 - 8.4 N1+ - -
l " 1 06 102.1 17,0 85 - - 2.0 0.18 3.4 0.12 ‘
b 6-12 83.6 32,6 127 0.74 %
) % 1 06 7.4 229 1S - - 0.0 0.27 0.0 0.09
] ~12 9.6  34.5 168 0.66 111
)
» 1 0-6 - 29.8 70 - - 0.0 0.16 0.0 0.20
' -2 - 12.6 430+ —
L [ 1 06 - 6.2 513+ - - 0.0 0.40 0.0 0.25
6~12 - 6.8 7504 - -
[ Le Buti Ares
' 104 1 06 9.1 273 158 - - 1.5 0.3%4 0.4 0.2)
~12 5.9 25,1 178 0.92 164
108 1 06 M3 %9131 - - 0.0 0.32 1.0 0.16
» a ~12 .6 3.8 9 073 &
10¢ 1 06 799 3.4 & -— - 1.0 0.0 0.0 0.07 7.9 ¥4 O - - 1.0 0.09 0.00.07 +1.0
12 92,2  29.6 09 0.64 57 92,2 29.6 ® 0. 87
; 100 1 06 9.2 231 110 - - 1.6 0.27 2.2 0.07
12 93.0 25.3 132 0.71 %
108 1 0-6 4.2 237 108 - - 2.0 0.23 1.5 0.28
-12 9.3 25.1 105 0.74 78
= 114 1 06 %.3 27.6 88 - - 1.9 012 1.0 0.0%
=12 7.4 3.6 114 0.92 108
1 1 06 -— 22,3 148 - - 1.7 020 1.7 o.11
12 - 23.6 154 -~ -
11c 1 06 - 15.1 406 - - 2,0 022 1.0 O.18
12 - 13.6 7l - -
110 1 06 7.8 3.3 54 - - 0.0 0.18 1.0 0.09 7.8 383 54 - — 0.0 0.18 1.00.09 41.0
~12 $3.5 350 104 0.81 & $3.5 35.0 104 0.81 84
ue 1 0= 8.3 228 125 -- - 2.6 0.12 0.5 0.18
=12 9.4 3.4 126 0.72 @
124 1 06 86.0 3.9 108 - - 0.9 0.28 0.7 0.11 .0 3.9 105 -- — = e == = 12.0
12 - 3.6 113 0.66 N - 33.6 113 0.66 74
' 128 1 0-6 8.2 3.8 118 - - 1.0 0.20 1.0 0.28 |
6-12 - 28.8 204 - -—
12¢ 1 06 - 17.5 417 - - 0.0 028 0.0 0.%
=12 - 14.6 6104
120 1 0% 92.3 246 1M - - 1.2 03 0.2 0.2

! ~12 0.7 3N.4 65 0.82 3

128 1 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>