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FOREWORD 

The study reported herein was performed by the U. S. Army Engineer 

Waterways Experiment Station (WES) for the Office, Secretary of Defense 

(OSD), Advanced Research Projects Agency (ARPA). This report desc^iba^ 

portions of two tasks of the overall Mobility Envirorauertal Research 

Study (MERS) sponsored by OSD/ARPA for which the WES was the prime con- 

tractor and the U. S. Army Materiel Command (AMC) was the service agent. 

The broad mission of Project MERS is to determine the effects of the 

.various features of the physical environment on the performan^. of cross- 

country, ground-contact vehicles and to provide therefrom data that can 

be used to improve both the design and employment of such vehicles. A " 

condition of the project is that the data be interpretable in terms of 

vehicle requirements for Southeast Asia. The funds employed for this 

study were allocated to WES through AMC under ARPA Order No. kOO.    The 

study was performed during the period June 196^-November I965 under the 

general guidance and supervision of the MERS Branch of the WES, the staff 

element of WES responsible for the technical management and direction of 

the MERS program. 

This volume is one of an eight-volume report entitled A Quantitative 

Method for Describing Terrain for Ground Mobility. These volumes are 

I: Summary 
II: Surface Composition 

III: Surface Geometry 
IV: Vegetation 
V: Hydrologie Geometry 

VI: Selected Air-Photo Patterns of Terrain Features 
VII: Development of Factor-Complex Maps for Ground Mobility 

VIII: Terrain Factor-Family Maps of Selected Areas 

Field data were collected in Thailand between July 196^ and May I965. 

Personnel who actively participated in the collection of surface 
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composition data during part or all of this period were: Messrs. C. A. 

Blackmon, MERS Thailand Detachment; J. E. Lee, A. J. Romano, G. T. Ellis, 

S. T. Hodge, and L. Jackson, Army Mobility Research Branch, Mobility and 

Environmental (M&E) Division, WES; R. D. Leighty, U. S. Army Cold Regions 

Research and Engineering Laboratory; and Chalaj Choeyapunt, Phayond 

Trushigone, Kasem Imkasorn, Manit Churanokoses, Wichai Winchienwidtya, 

Boontham Penchan, and Boonlip Sirimontaporn, Thai personnel employed by 

the MERS Thailand Detachment. Field sampling was conducted under the 

direction of Messrs. Blackmon, Lee, and Romano. Data reduction and map 

preparation were accomplished by a team composed of Messrs. J. R. Burns, 

team captain, G. E. Schabilion, and CPT R. C. Wright, Area Evaluation 

Branch, M&E Division. This volume was written by Mr. Burns and CPT Wright, 

The data reduction and map preparation were conducted under the direction 

of Mr. J. H. Shamburger, Geology Branch, Soils Division, WES. Mr. A. A. 

Rula, Chief, Mobility and Environmental Research Studies Branch, provided 

technical assistance in various phases of the work. All phases of this 

study were under the direct supervision of Mr. W. E. Grabau and Dr. C. R. 

Kolb, Chiefs of the Area Evaluation and Geology Branches, respectively, 

and under the general supervision of Messrs. W. G. Shockley and S. J. 

Knight, Chief and Assistant Chief, respectively, of the M&E Division and 

Messrs. W. J. Turnbull and A. A. Maxwell, Chief and Assistant Chief, 

respectively, of the Soils Division. 

Directors of the WES during the conduct of this study and prep- 

aration 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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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

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

metric units as follows: 

By         To Obtain  Multiply  

inches 2.5'+ 

pounds per square inch     0.07030? 

centimeters 

kilograms per square centimeter 
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SUMMARY 

This volume presents the methods used to collect, tabulate, and 
analyze basic data on surface composition of six selected Thailand study- 
areas—Nakhon Sawan, Lop Buri, Chiang Mai, Pran Buri, Khon Kaen, and 
Chanthaburi. Fifteen mapping classes that expressed the different soil 
mass strength and soil surface strength conditions were established. The 
criteria used in isolating these classes were (a) that each class be 
identifiable using air-photo interpretation techniques and (b) that each 
class exhibit similar variations in strength with moisture content. 
Areas with equivalent trafficability characteristics in terras of the 15 
map classes were delineated on 25 surface composition maps together 
covering the six study areas. This delineation was accomplished through 
interpretation of maps and air photos with control da^a in the form of 
field and laboratory information. The maps are presented in Volume VIII 
of this report. 

A compromise betwten the desired degree of mapping class refine- 
ment and that dictated by the photo-interpretation criteria was necessary 
because of the nature of the field data. During the mapping program when 
sample site data were extrapolated to unsampled areas, the degree of 
mapping refinement was of necessity only fair to low. It is recommended^ 
that additional studies be conducted on the use of air-photo identification 
techniques in classifying soil strength conditions. This approach is 
believed to be basically sound; however, more field verification of pre- 
dicted values will help to determine the reliability of this approach. 
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MOBILITY K»VI]<OHMK:.TAJ. RESEAKCM aTUDY 

A QUANTITATIVK W.THCJ KOH ÜKSCiilbim 

T.^HAIN rQH ÜHOUHÜ MOBILITY 

VOLUME II: SURFACK COMPOSITION 

PART I:  INTRODUCTION 

Background 

1. The surface composition factor family is concerned with the 

composition and physical properties of the materials of the surface of 

the earth without regard to their origin. The study reported herein was 

concerned chiefly with classifying soils as an engineering material, ex- 

cluding such materials as consolidated rocks, snow, and Ice, although 

such materials are generally included in the surface composition factor 
family. 

2. Strictly speaking, to classify soils is to arrange them Into 

classes or groups according to a limited number of common characterIitUi. 

This presupposes that the characteristics have been first Identified and 

described. Thus, the first step in classification is to identify the 

significant properties, then to measure or otherwise describe those prop- 

erties, and finally to place all arrays of similar properties Into cate- 

gories that are meaningful for the purposes at hand. There are many 

systems for classifying soils currently in use; however, none Is entirely 

adequate for mobility purposes. 

3. The soil classification systems that presently appear to be most 

widely accepted for general engineering and mobility purposes are the 

Unified Soil Classification System (USCS) and the United States Department 

of Agriculture (USDA) system. The USCS is based on soil's textural, 

organic, and plasticity characteristics; the USDA system is based pri- 

marily on soil's texture, structure, consistency, and color. Usually it 

is necessary to obtain bulk samples of soils for laboratory analysis of 

textural, organic, and plasticity characteristics before reliable 



classifications can be made. However, fairly consistent classification 

of soils can be made in the field by experienced personnel. Although 

procedures for describing and classifying soils according to the USCS. 

and USDA system are not included in this report, they have been reported 

in detail.1'2 

h.    The most useful single soil measurement for ground mobility 

purposes is its shear strength. Physical soil properties (i.e. soil 

factors) that are known to influence the shear strength include moisture 

content, grain size, grain shape, mineralogical composition, organic 

contend, plasticity, density, and structure (the way the soil particles 

are aggregated into compound particles). Of these factors, moisture 

content appears to be by far the most important, especially for fine- 

grained soils (>50fo of the soiKO.O?^ mm in diameter), or soils having 

a relatively large proportion of fine-grained materials (characterized 

by particles less than O.OJk mm in diameter). 

5. A majoi objective of research in soils for engineering and 

mobility purposes is to develop methods of deducing shear strength from 

basic soil data. Since moisture content is so Important, it follows 

that information on the effect of varying moisture contents on the shear 

strength of the various soil types is of paramount importance, and a 

method for predicting soil moisture content from weather or other data 

is essential. The U. S. Army Engineer Waterways Experiment Station (WES) 

has developed a method for predicting soil moisture content that is 

based on certain site and soil characteristics plus a percentage of the 

amount of rainfall by 2i+-hour periods. From a knowledge of soil type 

and moisture content, a reasonably good estimate of the shear strength 

(in terms of cone index) can be made. 

6. Experiments conducted to elucidate soil-vehicle relations 

have revealed that, for practical purposes, soil strength can be divided 

into two categories—soil mass strength and soil surface strength. Mass 

strength refers to the overall consiscency or firmness of the soil from 

the surface down to about 12  to 15 in.* below the surface. It largely 

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



governs the amount of sinkage a vehicle will undergo. Surface strength 

refers to the strength of a thin layer of soil, usually from the surface 

to about a 1-in. depth. This layer largely governs the amount of traction 

a given vehicle can develop on its first pass. Although it is often con- 

venient to divide soil strength into mass and surface components for study 

purposes, it should not be inferred that such a division presently has 

rigorous application in the analysis of vehicle perforir^uce on soils. 

Much research remains to be done to clarify the complex interrelation of 

mass strength and surface strength and their separate and combined effects 

on vehicle performance. 

7. The soil mass strength-vehicle relations for fine-grained soils 

have been investigated in detail, and procedures for predicting the effect 

of soil mass strength on vehicle performance have been developed for cases 

In which adequate soil surface strengths are present. Simple and reliable 

instruments for measuring soil strength are the cone penetrometer and the 

remolding equipment. A discussion of these instruments and the procedures 
k 

for their use is presented in a Department of the Army Technical Bulletin. 

The values measured with this equipment are the cone index (CI), rtiiich is 

an index of the shearing resistance of the soil, and the remoldl/ig index 

(KI), which is a ratio that expre&se,; the change in strength that may 

occur under vehicular traffic. The product of the measured CI and RI for 

the same layer of soil is termed the rating cone index (RCI). 

8. Soil surface surength has been less intensively studied than 

soil mass strength. As a result,less is understood about soil surface 

strength-vehicle relations than about soil mass strength-vehicle relations. 

The instrumentation required to obtain soil surface strength values is 

still very much experimental. A promising instrument, however, appears 

to be the Cohron sheargraph, which provides a rough measure of two soil 

shear strength parameters--cohesion and angle of Internal frictior. The 

values are computed from the instrument record of normal stress applied 

to the soil (in pounds per square inch) and shear stress (ir pounds per 

square inch), which is the force required to rotate the sensing element 

of the instrument against the soil. A detailed discussion of both Instru- 
5 

ment and procedure is given by Cohron. 



Purpose 

9. The overall purpose of this study was to (a) collect, tabulate, 

and analyze basic terrain data on surface composition, surface geometry, 

vegetation, and hydrologic geometry that would adequately describe the 

significant terrain variations occurring in selected areas representative 

of Thailand in such terms that estimates of vehicle performance could 

be made, (b) develop a method for interpreting, classifying, and mapping 

terrain factors from aerial photographs (air photos), and (c) utilize 

the field data collected and the air-photo interpretation method developed 

in preparing factor-family maps of six selected study areas in Thailand-- 

Nakhon Sawan, Lop Buri, Chiang Mai, Pran Buri, Khon Kaen, and Chanthaburi 

(see fig. 1). 

10. The specific purpose of the study reported herein was to deline- 

ate areas with equivalent trafficability characteristics on the basis of 

soil strength. This delineation was to be accomplished by the interpreta- 

tion of maps and air photos, with control data supplied in the form of field 

and laboratory information. The delineated areas were to be classified for 

mapping, and an appropriate mapping symbology was to be developed. The maps 

compiled during this study are presented In Volume VIII of this report. 

Scope 

11. Areas were delineated and maps constructed for six selected 

study areas in Thailand. These study areas were chosen to represent a 

broad range of surface composition conditions. The methods and technique- 

used or developed to accomplish the classification and mapping were based 

on general terrain data obtained during several field surveys from I962- 

I96U. RCI, shear strength at zero normal load, and angle of intomal 

friction were chosen for mapping in the six primary study areas. The 

actual delineation of areas was based on a reduced amount of specific 

field data taken from the study areas. The mapping classes developed 

herein were chosen and used without the benefit of any field verification 

and testing. The techniques for classifying and mapping surface 



Fig. 1. Aerial photographic coverage of Thailand primary study areas 



composition factors presented in this report are by no means being 

offered as final ones. The techniques and results are the best that 

could be developed from the particular data on hand. 



PART II: DATA COLLECTION ffiOCEDURES 

Site Selection 

12. The selection of soil sites is largely dependent upon the 

purpose for which soils are being studied. A sample array chosen for an 

evaluation of the soils of an area for the construction of airfields 

would obviously be different from an array chosen for an evaluation of 

the soils of an area for construction of earth-fill dams. An array 

chosen for an analysis of soil characteristics for mobility purposes would 

be different from either of the above-mentioned arrays. 

13. In this case, study sites were chosen to represent soil strength 

regime of each areally or positionally different soil type that was 

believed to be significant to ground mobility and that could be recognized 

on available air photos or maps. For example, in any area occupied by a 

particular soil type, topographic positions such as the tops, sides, and 

bottoms of hills were identified. Ideally, each site should have been 

visited several times in order to define the relations among soil mois- 

ture, seasonal precipitation or groundwater characteristics, and soil 

strength. However, multiple visits were seldom possible because of the 

severe time restrictions imposed by project scheduling. 

Ik.    Site selection was based on a combination of air-photo in- 

terpretation and ground reconnaissance. In those areas for which photog- 

raphy was available, a preliminary selection was made on the basis of 

differences in photo.images that could be attributed to soil differences, 

or on the basis of topographic position in those areas where no obvious 

differences could be seen in the images. These sites were then checked 

on the ground by the team leader, who either confirmed or rejected them. 

Since the available photography was between 10 and 12 years old, many 

sites selected in this way were found to be redundant, the images having 

been controlled by minor vegetation differences or such things as varia- 

tions in land use practices. When no air photos were available, sites were 

selected by on-the-ground reconnaissance, supplemented by low-altitude 

examination from the air where possible. 



15. Because of the size of the primary study areas, a reasonable 

number of samples could be obtained only if travel time between sites 

could be held to a minimum. The effect of this constraint was to preclude 

examination of sites more than about 500 m from a passable road or trail 

or from a navigable stream. The general scarcity of passable roads and 

trails was such that nearly all sites were confined to narrow bands along 

roads. Obviously an important element in site selection was the ease 

with which examples of all soil types or moisture regimes could be located 

close to roads or trails. Because finding all soil types or moisture 

regimes close to roads was not always possible, obvious gaps in ground 

control did develop. 

Location and Description of Sites 

16. For interpretive and analytical purposes, it is usually neces- 

sary that the locations of soil sites be known very accurately, so that 

their positional relations to other soils, topographic features, or 

Hydrologie features that might possibly affect their moisture regimes can 

be considered. For this reason, each site was meticulously located and 

marked on the best available map and/or air photo. Further, the soil site 

locations were described with such accuracy that they could be relocated 

at any time in the future. A topographic position data form (fig. 2) was 

prepared for all sites. Detailed instructions for filling out this form 

and supplementary instructions for preparing the profile sketch are given 

in another WES report. 

17. In most instances soils were sampled at such places or under 

such circumstances that vegetation, surface geometry, or other features 

of the site were obtained by the appropriate team for collecting factor- 

family data. In those instances where only soil samples were obtained, 

a certain amount of supplementary information was collected and recorded 

on a supplementary site data (soil moisture) form (fig. 3). Detailed 

instructions for filling out this form are presented in reference 6. 

Because the terms used in the form are mostly subjective, not all 



TOPOGRAPHIC POSITION DATA FORM 

Map re Terence: BAH P/IA/6 SÖH, SjML iML Wertes L708,   /: 50.000 

GeograpMc coordinates of site:  /-fjG'aS'*, /O/0^P''47"£    

Site elevation:  S/Sm  

Site Ko.:iZzSC_ 

Unit measure:     trtefers 
Max topographic slope :_ii./ Slope  azimuth ; 233' 

 Sheet L of      3 

Position 
No. 

Vertical 
Distance,  m Horizontal 

Distance,  m 
Notes 

HI Rod 

/ /.<? - 39.0 Open af samp/* s/ftf  
z /.6 - 42.0 

33.0 

47.0 
59.0 

3 /.e 0.8 Top of fopogrepSiic. high 
4 /.e - Topoffnaphic Jo*' 
£ /.e 0.9 Fino/ sight fo sample site 

63 220.0 Tofo/s 

Profile Sketch: 

<n 

-o 

//i*74/ tereS TtefAfoc*. 

Sampling Team:    Crobau,   Jirofe 

Fig. 2.    Example of a topographic position data form used 
to describe soil site locations 



SUPrLtMKNTAHY S1TK DATA (SOIL MOISTURE) 

Site No. M-SC Location: Ö.9 Km   W of fan KhAnn^ PhrA HUA  

Samplinß Team: ßrshAut Jiroha  I'a^o ^_ or J 

Land Use (Select as many as required to describe condition: circle 
appropriate terms.) 

1. Not obviously used by man or domestic animals. Undisturbed. 

2, Obviously used by man or domestic animals« 

a. Cropland currently in use (excluding hayfields, orchards, 
vineyards, tree plantations) 

b. Cropland currently lying fallow (excluding hayfields, 
orchards, vineyards, tree plantations) 

(T)   Area grazed by domestic animals 

d. Hayfields (not currently being grazed) 

e. Orchards, vineyards, tree plantations 
(type?  ) 

f. Lawns, recreation areas 

g. Logged,^cut lor fuel^) r.ewly cleared for slash-and-burn 
agriculture 

Depth of water over soil surface (if any): Nnn». 

Depth below surface of free water (if any): Nona 

Depth to bedrock (if any):  A/n roek fn IS em. 

Vegetation (select ore, if possible. If a choice between two is 
difficult, indicate both.) 

1. Forest 5> Tall scrub woodland i). Tall-grass prairie 

2. Woodland Q Tall scrub savanna 10. Short-grass prairie 

3. Savanna 7. Low scrub        11. Barren 

h. Tall scrub forest 8. Low scrub savanna 

Fig. 3. Supplementär;, site data (soil moisture) form 
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observers will Interpret the items in the same way. However, this is 

not regarded as serious in this context. 

Sampling Procedures 

18. Detailed procedures for sampling are described in reference 6. 

The procedures used in collecting soil data at sites sampled specifically 

for this study are described briefly in the following paragraphs. 

19. Four or more CI profiles were measured in 2.5-cm* vertical in- 

crements to a depth of U6 cm at each site. Remolding index tests were made 

on two samples each from the 0- to 15-cm and 15- co 30.5-cm layers. If 

the results of the tests of the two samples from each layer were not in 

close agreement, a third remolding index test was made, and the average 

of the three test results was used. Sheargraph measurements were made on 

the surface using a grouser to determine soil cohesion and apparent angle 

of interned friction. A flat, rubber-coated shear head was used to 

determine soil-to-rubber adhesion and rubber-to-soil friction angle. 

20. At most sites soil samples were taken for laboratory analysis 

of moisture content, density, texture, Atterberg limits, and organic 

content. Samples for moisture and density were taken in Y.^-an increments 

to a depth of 30.5 cm with a Hvors^.-v sampler. A oulk sample was taken 

from each of the 0- to 15-cni and 15- to 30.5-cm layers for the other 

laboratory analyses. Those laboratory data that were utilized in the final 

classification of surface composition features are given in Tables A1-A6. 

In some instances (see site l-T-13, table Al) not all data specified by 

the instructions vere taken, and in a few instances data were lost in the 

transfer from the field to the office; such gaps in data are indicated by 

dashes in tables A1-A6. 

* All field measurements were made in British units since all instrument.'. 
were calibrated In such units. Subsequent conversions to approximate 
metric equivalents were made in the office. 

11 



PAKT Ills DATA SOURCES, REDUCTION, Ml)  ANALYSIS 

Data Sources 

21, All available soil strength data were used to establish mapping 

units and ranges of variations of soil strength within each unit. Data 

collected at 882 sites for this and other MERS tasks, including the pre- 

luninary study/ were examined.  Of the 882 sites, 579 yielded soil and 

site Information pertinent to this study. These data are summarized in 

Appendix A.  Only 36? of these sites were located within the limits of 

the study areas. Small-scale maps showing the location of these sites 

are also given in Appendix A. 

22. Various soil survey reports of the Kingdom of Thailand '^ 

together with Pendleton's Thailand" provided very general background 

information on the characteristics, distribution, and general association 

pattern of soils. H wever, this information was of limited value because 

the distribution maps of the various sources are very small-scale and 

because no consistent relations between the mapped soil units and soil 

strength could be developed. 
■ 

Data Reduction 

23• The data presented in Appendix A provided the major source of 

information gathered from the study areas. Because of the large number 

of sites, there data were recorded or punch-coded along the margin of a 

special key-sort punch card to facilitate retriuval and statistical 

manipulation of the data. The key-sort punch card used is illustrated in 

fig. h. 

21*. A modified binary coding system was used tu enter1 data on the 

Key-sort cards. Tne standard sequence of hole numbers i-pJt-y) Was 

modified to a system (1-2-U-8) that required IMI space. Despite the in- 

creased manipulation required for the modified system, it was preferred 

because more code bits per unit length of card perimeter could be used. 

To avoid the confusion of using both systems, the Modified system was 

12 
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applied to all parameters except one. Coding of color (hue) was accom- 

plished by assigning a certain perimeter position bo each hue. The 

coded card (fig. k)  can be read as follows: 

Hole Code 
Combinations Numbers 

Punched Represented 

1 1 
2 2 
2-1 3 
k k 
1+-1 5 
1+-2 6 
k-2-1 7 
8 8 
8-1 9 
etc. 

Data Analysis and Selection of Factor Value Classes 

25. The objective of the data analysis program was to develop a 

set of criteria for mapping the areal distributions of meaningful classes 

of soil strength. There were three important constraints. First, the 

soil strength classes had to be suitable as input to the analytical cross- 

country speed prediction model under development in a parallel research 

program being conducted under the MERS project. Second, the soil strength 

classes had to be based on recognizable air-photo patterns, because photo 

interpretation constituted the only practical method of extrapolating the 

detailed site data to the large areas encompassed by the study areas. This 

was obviously required for mapping purposes. Third, each soil strength 

r.ass had to exhibit a distinctive soil strength regime in order to in- 

corporate the obvious seasonal differences that were known to occur. 

Soil mass strength 

26. Straightforward statistical analyses of the field data for soil 

mass strength categories were not prictical, because soil strength is a 

tirae-variabie factor and the great majority of the field data represented 

one-time observations. Since soil mass strength regime is chiefly a 

function of soil type and soil moisture regime, the identification of 
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distinctive soil strength regiines resolved into a study of moisture 

content-soil type-soil strength relations. Therefore, emphasis was 

placed on relating strength to moisture content for different site 

characteristics. 

27. The requirement that the soil mass strength classes be suit- 

able as input to the speed prediction model could not be entirely met, 

because the model had not reached such a level of development that 

rigorous classes could be specified at the time when a decision on map 

units had to be made. Accordingly, soil mass strength value classes were 

initially specified on the basis of vehicle types that had been selected 

for MERS tests, since the range in their soil mass strength requirements 

was representative of that for most Army vehicles expected to operate off 

roads at least sometimes. Some of the characteristics of these vehicles 

that are pertinent to their cross-country performance are tabulated in 

fig. 5. The vehicle cone index (VCl) requirement, or the minimum soil 

strength in terms of RCI that will allow a vehicle to complete one or 50 

passes in a straight-line path, is given in the following tabulation for 

the vehicles considered in this study. 

VCI Required VCI Required 
Vehicle for 50 Passes for 1 Pass* 

M29C 25 13 
M151 60 30 
M37 65 33 
M113 ^7 2k 
M35A1 69 35 
* Estimated at 50 percent of the 50- 
pass requirement. 

28. Consideration of the VCI™ and VC^ values of the vehicles 

suggested that useful classes would result if the divisions were made 

at RCI values of approximately 10, 25, 50, and 70, which would result in 

five mapping classes. The division at 10 RCI was introduced in order to 

define areas of extremely soft soil, in anticipation of the possible 

availability of very low-contact-pressure vehicles. The map classes used 

finally were: <10, 10-25, >25-60, >60-100, and >100 as explained in 

paragraph kQ. 
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M37 
3/4-TON CARGO TRUCK 

——     d      —d-j 

M113 
ARMORED PERSONNEL CARRIER 

h   --4' 
M29C 

AMPHIBIOUS CARGO CARRIER 

M151 
1/4-TON UTILITY TRUCK 

M35A1 

2-1/2-TON CARGO TRUCK 

VCI 

M CM CM DEG 

 1 

ö2tt 
DEG 

dt 
CM 

GRADE- 

ABILITY 

% 
DEG 

WEIGHT 

KG 

65 53 41 142 148 284 68 

34.2 

3180 

47 58 - 110 140 267 60 

31 

9980 

25 34 - 134.4 151 198 100 

45 

2^20 

60 36 26 112 143 216 60 

31 

1031 

69 S4 53 142 140 330 64 

32.6 

8840 

NOTE;    ALL DIMENSIONS PRESENTED IN THIS FIGURE WERE TAKEN  DIRECTLY FROM THE 
TEST VEHICLES.il 

GRADEABILITY DATA TAKEN FROM ORDNANCE CORPS EQUIPMENT DATA SHEETS.'2 

'h,    =  HEIGHT FROM WHICH VEHICLE APPROACH ANGLE IS TAKEN 
"h2   =  PROFILE HEIGHT BETWEEN WHEELS OR TRACKS 

tfl     -  VEHICLE APPROACH ANGLE 1      NOTE THAT ANGLES ARE MEAS URED AS OBTUSE to,    -  VEHICLE APPROACH ANGLE    I      ANGLES. T0 CONVERT TO pRACT|CE As G|VEN |N 

ttff|   =  VEHICLE DEPARTURE ANGLEj     TM g.500| USE.    1B0. _ fl. 

td   =  WHEEL BASE (NOTE DIAGRAM ABOVE FOR METHOD OF DETERMINATION FOR M35A1) 

Fig. 5.  Vehicle characteristics related to vertical obstacle 
crossing capability 



29. Wien the Bite data were sorted by USCS soil types, no recog- 

nizable pattern of RCI values was revealed, ilottinc RCI versus moisture 

content revealed a family of curves that corresponded to the USCS in a 

General way (fig, 6). Too much scatter was present to distinguish specific 

classes, but broad Groupings occupied recognizably different parts of the 

chart. It was therefore possible to establish the following preliminary 

classification Of soils:  (a) coarse-grained soils with fines, low plas- 

ticity or nonplastic; (b) fine-grained soils, low plasticity; (c) fine- 

grained soils, high plasticity; (d) fine-grained soils, high plasticity, 

high organic content; and (e) soils associated with shallow bedrock or 

hard laterite (see fig. 6). 

30 40 SO 60 70 

MOISTURE CONTENT   PERCENT OF DRY WEIGHT 

Fig. 6. Characteristic relations of rating cone index to 
moisture contents for preliminary soil classification 

30. Soils occurring in (d) above fell on the same curve as those 

described in (c), but fell in a different range (higher moisture content 

and lower RCI) and were found to be associated with tidal flats. Soils 
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described in (e) were strong recardless of texture and topographic posi- 

tion. No soils occurring in (e) exhibited high moisture contents. Scatter 

of the RCI-moisture content plots* did not permit distinction of individual 

USCS soil types but did show general differences between certain associa- 

tions of types. Soils along curve a in fig. 6 were mostly SM and SC; soils 

on curve b were mostly ML and CL; soils on curve c were mostly MH and CH; 

and those on curve d consisted primarily of CH, OH, and MH soils. The 

MH, CH, and OH soils distinguish the soft tidal flat deposits from the 

much stronger dry land soils. The USCS class of the soils associated with 

shallow bedrock or hard laterite was not relevant. 

Soil surface strength 

31. Soil mass strength is not the only soil factor that affects 

vehicle mobility.  It is known, both from practical experience and from 

preliminary tests, that the slipperiness of a surface is also important, 

especially for a vehicle climbing slopes or crossing vertical obstacles. 

In an attempt to provide data for the evaluation of this factor, shear- 

graph measurements were included in the standard data collection 

procedure. 

32. Upon completion of the investigation of soil mass strength, 

the soil surface strength as measured by the sheargraph was examined in 

order to establish appropriate class limits for mapping purposes. Soil 

surface strength is also time-variable. The relations between sheargraph 

values and moisture content in the surface layer of the soils in the six 

study areas were not known at the time of this study. However, previous 

experiments on tropical soils had demonstrated a general relation between 

shear strength at zero normal load a   and moisture content. B ur 
33. In the absence of reliable knowledge of the effects of soil 

surface strength on vehicle performance, a completely arbitrary, but 

reasonable, division of the data into classes for the preliminary classi- 

fication was used. The class units were chosen as illustrated in fig. ?• 

Both the shear strength at zero normal load a   and the angle of friction 

* Specific relations among cone index, rating cone index, and soil mois- 
ture are given in detail in a previous WES report. ^ 
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SHEAR   STRENGTH AT  ZERO NORMAL   LOAD  (aur) , PSI 

NOTE:  NUMBERS  IDENTIFY SHEARGRAPH 
VALUE  CLASSES. 

Fig. 7 Soil surface strength classes 

a   were divided into three unequal classes, resulting in nine dis- 
ur 
tinctive classes, each of which was given an arbitrary code number, 

as indicated in fig. 7. 
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PART IV:  INTERPRETATION AND MAPPING TECHNIQUES 

Development of Photo-Interpretation Keys 

3^.  It is difficult to describe in detail the analytical procedures 

or the developmental steps involved in the derivation of the photo- 

interpretation keys and the final classes for use as map units. The 

actual process was by no means simple and straightforward; instead, it 

was a process of continual compromise between the requirements of the 

analytical speed prediction model, the available ground data, and the 

recognizability of images on the air photos. The requirements of the 

analytical model would have best been served by very small class intervals 

for all three selected factors (i.e. RCI, shear strength at zero normal 

load, and angle of internal friction). However, such class intervals 

could not be made practical, chiefly because there was no hope of being 

able to recognize them reliably by photo interpretation. The result was 

a compromise between the broad classes demanded by the photo interpreters 

and the narrow classes desired by the engineers concerned with the analyt- 

ical performance Prediction model. A greatly sünplified diagram of the 

process is given in fig. 8. The point of departure was the five general 

classes derived from the diagram illustrated in fig. 6, which identifies 

RCI-moisture content relations and relates them in a crude way with USCS 

soil types. 

Typographic position 

35. Within each of the above-mentioned broad groupings of soils, 

sites were sorted according to topographic position as contained in the 

site descriptions. The result of this process is indicated in the topo- 

graphic position column in fig. 8. A few topographic positions, such as 

natural levees, tended to be associated with high RCI values regardless 

of other conditions. Others, such as tidal flats, exhibited consistently 

low RCI values. 

Position with respect to water 

36. The ease of drainage and the proximity to sources of water 

also were found to be significant criteria for classification. Therefore, 
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i  Soil Classes 

Topographic Pojition 
Position with 
Respect to 

Water 
Land Use 

Map 
Unit 

■ 

From 
Fig. 6 USCS TypM 

a SM, SC Broad, rolling 
upland 

100 m from 
surface 
water 

Not 
signif- 
iaant 

11 

b CL, ML, 
some SM 

Alluvial plains 

Intermediate 
water 
table 

Not 
signif- 
icant 

h 

Shallow water 
table 

Not 
signif- 
icant 

2 

Drainageways and 
lower side slope* 

Rapid changes 
in water 
table in 
short 
distances 

Not 
signif- 
icant 

5 

Shallow water 
table 

Not 
signif- 
icant 

3 

CL, SM, 
SP 

Natural levees and 
village platforms 

Near open 
water Villages 13 

c 

MH, ML, 
CL 

Broad alluvial 
plains 

Intermediate 
water 
table 

Not 
signif- 
icant 

' 9 

CH, some 
CL, MH 

Flat, uniform 
alluvial plains 

Shallow water 
table 

Tilled 8 
Untilled 10 

Water table 
almost at 
surface 

Tilled 6 
Untilled 7 

d CH, OH, 
MH Tidal flats Periodic 

inundation 

Not 
signif- 
icant 

1 

e Not rele- 
vant 

Hills, mountains, 
rock terraces 

Deep water 
table 

Not 
signif- 
icant 

12 

Flat to rolling 

Deep to 
shallow 
water table • 
in short 
distances 

Tilled Ik 

Untilled 15 

Fig. 8. Development of photo-interpretation criteria (generalized) 
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the next stratification process tended to be based on water availability. 

In this category, slope appeared to be the dominant property for identifi- 

cation of fine-grained soils, whereas elevation above surface drainage 

level seemed to be the major determinant for coarse-grained soils. Al- 

though topographic position ünplies a general correlation with water table 

conditions, special classification was reserved for those areas where the 

water table remains so near the surface that the soils do not dry out even 
in the dry season. 

Land use 

37. When attempts were made to include recognition criteria for 

soil surface strength (i.e. sheargraph parameters), the soil-topographic 

classes already established for soil mass strength (RCI) had to be ac- 

cepted, chiefly because no applicable field moisture data were available 

on the surface layer of soil. Within each soil-topographic position class 

already established, card sorts were run using other site factors as the 

basis of stratification. The  only site descriptor found to correlate with 

soil surface strength was land use. In highly plastic soils, regularly 

tilled areas showed values different from those of untilled areas for the 

soil surface strength parameters. This stratification is indicated by 

the land use column in fig. 8. These correlations were valid only for the 

rubber-to-soil sheargraph measurements. Because the data taken with a 

grousered foot did not correlate with any site descriptor, they were dis- 

carded. The map unit column in fig. 8 shows the mapping class units 

into which each set of site descriptors was placed. 

38. Land use also appears to be a significant factor in village 

areas; RCI values higher than those suggested by soil type or topographic 

position were observed in such locations. This probably is a result of 

artificial compaction of the soil and man-made drainage control. The land 

use effects of village platforms and soil tillage are the only ones re- 

flected in the final classification. As an indicator of natural conditions, 

however, land use was extensively used in photo interpretation. 

Special areas 

39- Areas of bedrock and hard laterite at shallow depths where high 

strength prevailed regardless of soil type or topographic position were 
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often recognized from distinctive vegetation patterns or field configura- 

tions. Areas of consistently low RCI values such as swamps, marshes, 

sloughs, and tidal flats were recognized from certain consistencies in 

tone, texture, and topographic j ■'sition. 

Refinement of classification criteria 

ho.    The air photos and topographic maps of data sites were con- 

stantly reexamined as new classification criteria were developed and pre- 

liminary classifications of site characteristics were erected. Every 

device of the interpretive art was used in the process of building up the 

recognition capability. The final product of the process is summarized in 

table 1. It should be noted that one result of the succession of compro- 

mises was alteration of the RCI classes that had been tentatively selected 

at the beginning of the study. The original classes, as described in 

paragraph 28, could not be reliably identified by photo interpretation. 

They were accordingly changed to the following: <10, 10-25, >25-60, 

>60-100, and >100. These new classes, though slightly less desirable for 

input into the analytical model than the old classes,were still acceptable. 

Soil surface strength 

kl.    A considerably more refined concept of soil surface strength (or 

sheargraph value) classes was also evolved after study of the data from 

Thailand, even though the original class intervals (fig. 7) remained un- 

changed. It was noted that maximum soil shear strength at zero normal load 

rarely occurred at maximum or minimum moisture content. It was also noted 

that all soils in a given surface composition class (table l) exhibited sim- 

ilar sheargraph values. The relations that were eventually established as 

characterizing the sheargraph values of each class are illustrated in fig. 9« 

h2.    The sheargraph categories in fig. 9 are constructed in the 

same way as those in fig. 7. The hatched areas indicate the intervals 

(i.e. the soil surface strength classes, see fig. 7) in which most of the 

sheargraph values fell in those samples at the indicated moisture content 

in the recognition class, lor example, in surface composition class 1 (see 

table 1), most of the sheargraph values fell in sheargraph value class 1 

when the soils were sampled at or near their maximum moisture content, 

and in sheargraph value class 3 when the soils were at or near minimum 
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moisture content and at that moisture content that produced the moxiraun aur 

value. The curves on the diagrams in tig,  f> indicate the estimated central 

tendency of the field data. These diagrams make it possible to associate 

each surface composition class with a sheargraph value class regime. 

Application of recognition criteria 

1+3. The sequence in which recognition criteria V.T'- II T«li-1 in tho 

actual interpretation process of surface composition clar.ses (table 1) war 

as follows j 

a. The first step separated the broad, low, alluv;al plains; 
the broad, rounded, upland terraces; and the strong relief 
features formed by bedrock. The bedrock relief features 
were assigned to class 12 without further subdivision. 

b. In the upland terraces, poorly drained valJey bottoms and 
lower slopes were separated from the well rained upper 
slopes, using the criterion that well drained areas must 
be separated from surface drainage features by a slope of 
at least 2 percent over a distance of at least 100 m. The 
poorly drained areas were assigned to class ^, t .e well 
drained areas to class 11. 

c. In the broad alluvial plains, the dominant relief .eatiu-es 
-  were natural levees and village platforms; these were delin- 

eated as class 13. Most of the remaining areas consisted of 
low-lying paddies, in which distinction on the basis of joil 
textures was possible. Sandy soils were recognized fron un- 
dulating surfaces reflected in mottled photo tones, numerous 
trees, and close association with the broad upland terraces 
of class 11; these soils were assigned to class 5. Fine- 
grained soils of low plasticity were char-icterized by num- 
erous trees and termite mounds, faint mottling, and distri- 
bution along the margins of the plain or adjacent to natural 
levees. These were mapped as class U. 

d. Although distinct rel-ef features comparable to natural 
levees were lacking in these soils, in places they exhibit»d 
a rolling surface with slopes of more than 2 percent. Field 
data indicated that 2 percent slope was critical to the 
quality of drainage in these soils, and accordingly, areas 
exhibiting slopes steeper than 2 percent were distinguished 
as class 9- 

e. Fine-grained soils of high plasticity occurred in the broad, 
low central parts of the alluvial plains and in small 
pockets and depressions elsewhere; these showed highly 
uniform tones, almost complete absence of trees and termite 
mounds, and relatively large, regular field patterns. The 
tilled areas of these soils were mapped as class 8, the 
major untilled areas as class 10; this distinction was made 
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because of an apparent effect of regular tilling on surface 
strength parameters in these highly plastic soils. 

f. Swamps, marshes, and undrained depressions could be recog- 
nized from dark tones or standing water in photographs taken 
during the dry season. Ihey were distinguished from all 
the other classes as areas in which the waV ?  table was 
sufficiently near the surface to preven+ seasonal drying. 
These areas were mapped as class 2, 7, 6, or 7> depending 
on the primary class {h,  5, 8, or 10, respectively) with 
which they were associated. 

^. Two types of complexes occurred in the alluvial plains— 
areas underlain at a shallow depth by hard laterite and 
areas underlain at a shallow depth by limestone. The 
lateritic areas were characterized by distinctive mottled 
dark tones combined with a thin and patchy pattern of 
cultivation. The limestone areas showed distinctive karst 
development with numerous sinkholes and lack of integrated 
drainage. Because of the unpredictable variations in depth 
of soil, both kinds of areas showed highly variable soil 
strengths within short distances. The tilled portions of 
both were mapped as class Ik,  the untilled portions as 
class 15. 

h. The final component of the alluvial plains consisted of 
highly organic portions of the tidal flats and coastal 
depressions of the Pran Buri and Chanthaburi areas. These 
were without visible relief and extremely dark-toned. 
They were mapped as class 1. 

kk.    Photographs 1-k  are stereopairs of vertical aerial photographs 

where 9 of the 15 surface composition classes have been identified through 

the procedure described above. Photographs 5-1'+ are ground views of se- 

lected sample sites with the soil consistency classes indicated. 

Map Preparation 

^5. With the completion of the photo-interpretation keys, it became 

possible to compile a legend for the soil factor-family maps. The 15 

recognizable classes of combinations of photo features, as defined in 

table 1, were numbered consecutively, and the ranges of soil strength 

associated with each were tabulated, as illustrated in table 2. Thus, the 

column at the left in table 2 (headed "Map Unit") is identical with the 

column at the left in table 1 (headed "Class"); map unit k  is equivalent to 

class kf  etc. 
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h6.    Mapping was accomplished by stereoscopic examination of air 

photos. The scales of the air-photo coverage within the mapped areas are 

shown in fig. 1. Map boundaries were drawn using the predetermined photo- 

interpretation criteria shown in table 1. As mapping progressed, each 

field study site was identified as to its mapping class, and data on 

strength values and moisture conditions were entered on charts for that 

class (see fig. 10). This site identification was made according to photo- 

interpretation criteria rather than consideration of the data actually 

obtained. The latter would have involved map correction in only insignifi- 

cant small areas surrounding the data point, whereas the method used gave 

an objective appraisal of map reliability and degree of variation within a 

mappable unit. The predetermined photo-interpretation criteria were con- 

sistently followed. Therefore, the spread of values for field data within 

any one class is fairly indicative of the range and pattern of strength 

variations with moisture as shown in table 2 and figs. 9 and 11. The over- 

lapping of several USCS soil ty. as in the classes shown in table 1 as well 

as the degree of scatter of the RCI-moisture content plots (fig. 10) is an 

indication of the less-than-perfect nature of the photo-interpretation 

criteria. The classification techniques and map delineations are the best 

that could be developed from the data available, but are not necessariOy 

those that would result if additional data had been available. Because of 

the somewhat crude and overlapping boundaries of the photo-interpretation 

criteria, the soil strength data presented are less useful for predicting 

individual vehicle performance than for selecting vehicle types for 

strategic planning and development of vehicle design. 

1+7. It should be noted that all the soils of a given region rarely, 

if ever, exhibit the same extreme of moisture conditions simultaneously. 

This  is particularly notable in the wet season when soils may range from 

saturated to dry within short distances merely as a result of local rain- 

fall conditions. A rough approximation of this variability is indicated 

in figs. 12 and 13, which show the frequency distribution of RCI values 

actually observed during a major wet season that lasts from mid-June to 

nid-December. Only those classes from which the data base was large enough 

to be of likely significance are charted. It should also be noted and 
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emphasized that the frequency distributions illustrated in figs. 12 and 13 

are derived from site data, and that the sites were not randomly distri- 

buted within the study areas, or distributed in proportion to the area of 

occurrence of the condition being sampled. Thus, no interpretation of 

areal extent or of temporal frequency should be made on the  basis of these 

diagrams; they are intended only to indicate the total range of variation 

and the distribution of values within the sample population. 

J+8. Factor-family maps were prepared by transferring class bound- 

aries from air photos to the maps. Because the map scale (1:50,000) was 

usually smaller than the scale of the air photos, the data had to be 

reduced when the area outlines were transferred from the air photos to the 

maps. 

1+9, The surface composition factor-family maps of the six study 

areas are presented in Volume VIII of this report series. These maps are 

on base sheets at a scale of 1:50,000 taken from the Army Map Service 

(IMS) Series L708. The limits of these maps do not, in all instances, 

coincide with those of the AMS sheets because new base sheets were made, 

where needed, to reduce the number of partially mapped sheets (see 

fig. Ik).    These limit changes were in most cases a matter of shifting the 

latitude or longitude 5 or 10 deg from those of the AMS sheets. Prepara- 

tion of new base sheets resulted in a reduction of the total number of 

base sheets covering the six study areas from 32 to 25. 

50. A portion of a surface conposition factor-family map of the 

Lop Buri study area (sheet LB III) and the accompanying legend are shown 

in fig. 15. Since only a portion of the map is shown, all combinations 

included in the legend do not occur on the map segment. 
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Fig. 15. Surface composition factor-family map of a portion of MERS sheet 
LB III in the Lop Buri study area (sheet 1 of 2) 
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PART V:  CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

51. Soils' of the study areas have been mapped according to the 

classes shown in table 1, and the results are shown in 25 plates in 

Volume VIII. The criteria used in establishing these classes were (a) that 

each class must be identifiable through use of air-photo techniques, and 

(b) that each class must exhibit a distinctive pattern of strength asso- 

ciated with variation in moisture content. 

52. It is concluded that: 

a. The moisture content-soil type-soil strength relations are 
the most valuable in developing a classification system 
for mapping purposes (paragraph 26). 

b. Because moisture content is time-variable, the one-time 
observations used to a large extent in this study offer 
only a good indication of the soil strength-moisture con- 
tent relations that exist. Neither these relations nor 
the classification system derived from them is to be con- 
strued as final, but only as approximations (paragraph 29). 

£. The soil surface strength has a modifying influence on 
the classification system developed from the soil moisture 
relations. In certain soil types the tillage of the soil 
proved to be significant (paragraph 37). 

d. Maximum shear strength at zero normal load rarely occurs at 
the maximum or minimum soil moisture content for a given 
soil (paragraph hi). 

e. A compromise between the desired degree of mapping class 
refinement and that dictated by the photo-interpretation 
criteria is necessary because of the nature of the field 
data (paragraphs 3^ and kO). 

f. The significant photo-interpretation criteria are topo- 
graphic position, drainage, land use, and vegetation 
(paragraphs 35^ 36, and 37). 

S« The mapping program delineates areas with roughly equiva- 
lent trafficability characteristics based on soil strength, 
W.\cn  sample site data arc extrapolated to unsampled areas, 
tue degree of mappi: g refinement is, of necessity, only 
fair to low (paragraph U6). 

h. The greatest variation in soil strength and therefore the 
greatest tralTicab.livv problems occur under maximum soil 
moisture conditions. Conversely, few trai'ficability 
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problems resulting l'rom insulTicient soil strength 
occur under minimum soil moisture conditions. Areas ex- 
hibiting exception to this generalization are marshes, 
swamps, and other areas with an extremely nigh water table 
where moisture contents are high all year (table 2). 

Recotnmendat ions 

53.  It is recommended that: 

a. Additional studies be conducted on the use Of air-photo 
identification techniques in classifying soil strength 
conditions. This approach is believed to be basically 
sound; however, more field verifications of predicted 
values will help to determine the reliability of this 
approach. Similarly, an increase in the number of strength 
measurements at fi -11 sample sites is needed where the 
variance of the maximum and minimum rtCl values used to 
obtain the RCI spreads across several class ranges. Addi- 
tional measurements may tend to group values within 
narrow limits. 

b. The feasibility of establishing a more comprehensive oreaK- 
down of moisture conditions should be studied. Even the 
maximum and minimun moisture conditions used in this study 
are not always adequate to describe soil strength. For 
example, the maximum angle of internal friction of most 
soil classes occurs at a moisture content intermediate 
between maximum and minimum moisture contents. 
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Table 1 

Characteristics of Surface Composition Classes 

Class Recognition Characteristics Soils Drainage Land Use 

1 Tidal flats and coastal depressions; swampy, Kine-grained, high plasticity, 
marshy, or barren; dark tone on photo       high organic content; OH, 

MH, CH 

2 Topographic depressions within class 1* areas Same as class k  below 

Topographic depressions within class 5 areas Same as class 5 below 

k       Alluvial plains, low relief, paddy; termite 
mounds and trees common 

5   Drainageways and lower side slopes of class 
11; and adjacent rolling areas of low 
relief with mottled photo tones; generally 
in paddy, with numerous trees and termite 
mounds in rolling areas 

Fine-grained, low plasticity; 
CL with some CH, ML 

Fine-grained, low plasticity, 
occasional coarse-grained 
soils with fines; CL, ML, 
with some SM 

Topographic depressions within class 8 areas Same as class 8 below 

Topographic depressions within class 10     Same as class 
areas; usually very small in areal extent 

below 

8 Extremely flat, treeless, uniform alluvial 
plains. Predominantly paddy without 
trees or termite mounds 

9 Areas of broad, low alluvial plains in which 
slopes exceed 2 percent. Primarily paddy; 
orchards common In coastal areas. Gen- 
erally adjacent to more gently sloping 
areas of class it 

10 Untilled areas of moderate areal extent 
associated with and otherwise similar to 
class 8 

11 Broad, rolling upland areas (high terraces), SM, with occasional fine- 
generally wooded. Separated from surface    grained soils 
water bodies by at least 2 percent slope 
over distance of at least 100 m 

Fine-grained, high plasticity; 
CH with some CL, MH 

Fine-grained, high and low 
plasticities; MH, ML, CL, 
and some SM 

Same as class 6 

12 Strong relief features: hills, mountains, 
and rock terraces. Predominantly 
uncultivated 

13 Natural levees, village platforms. Dis- 
tinct, generally linear relief features 
at least 1 to 2 m above surrounding 
alluvial plains. Villages, orchards, 
gardens, woods 

M   Flat to rolling surfaces with mottled tones 
indicating shallow limestone or hard 
laterite. Cultivated and uncultivated 
plots closely intermingled. Areas pre- 
dominantly cultivated are mapped a< 
class 1'» areas; predominantly unculti- 
vated arr^as are mapped as class i'- areas 

15   S'une as class lU 

Coarse-grained with fines, 
low or no plasticity; CL, 
SM, ML, CH with some SC- 
SM, MH, shallow bedrock 

Fine-grained, low plasticity; 
CL with SM or SP, ML, 
CL-ML 

Flnc-gralned, variable 
plasticity; CL, CH with 
.-one  SM, shallow bedrock 
or hard Intcrlte 

Very poor; soil rarely 
If every dry because 
of a shallow water 
table 

Very poor; shallow 
water table; soil 
rarely dries out 
during dry season 

Very poor; shallow 
water table; soil 
rarely dries out 

during dry season 

Poor 

Variation from good 
to poor within 
short distances 

Very poor; shallow 
water table; soil 
rarely dries out 
during dry season 

Very poor; shallow 
water table; soil 
rarely dries out 
during dry season 

Poor 

Imperfect 

Same as class 8 

Good 

Good 

Same as clars lit 

Prevailingly good 
but with numerous, 
small, poorly 
drained depressions 

Saat:  as class lit 

Tilled 

Untilled 

Tilled 

Untilled 

Village 
use 

Tilled 

Untilled 

• Ho «Ignifleant effect upon Mil «trength. 



Table 2 

Legend for Surface Composition Factor-Fattiily Mapping Units 

Soil Mass Strength 
Maximum 
»»^ J i  Majcimum Minimum 

Map       Moisture 
Unit          RCI 

Moisture 
RCI a 

ur 

BliLU e 

a 
ur 

T"       10-25 >25-60 0-1 0-10 

(2       >25-60 >6o-ioo 0-1 0-10 

3 >25-60** >6o-ioo 0-1 10-20 

k >25-60 >100 0-1 0-10 

5 >25-60** >100 0-1 10-20 

T >60-100 >6o-ioo 0-1 0-10 

T >6o-ioo >60-100 0-1 10-20 

T >6o-ioo >100 0-1 0-10 

9 >60-100 >100 0-1 0-10 

10 >60-100 >100 0-1 10-20 

11 >6o-ioo** >100 0-1 10-20 

12 >100 >100 0-1 0-10 

13 >100 >100 0-1 10-20 

H» Complex of 
>6o-ioo 
and >100 

>100 0-1 0-10 

15 Complex of 
>60-100 
and >100 

>100 0-1 10-20 

Soil Surface Strength 

Minimum 
Moisture 
a   a 
ur   ur 

Conditions Where Maximum 
a  Occurs* ur 

ur a ur 

1-2 10-20 Minimum moisture conditions 

2-k 20-^0 Mininum moisture conditions 

2-h 20-kO Minimum moisture conditions 

0-1 20-^0 2-k                      20-k0 

0-1 20-^0 2-k                      20-k0 

2-k 20-40 Minimum moisture conditions 

0-1 20-kO Minimum moisture conditions 

0-1 20-^0 2-k                      10-20 

0-1 20-kO 2-k                      20-kO 

0-1 20-^0 Minimum moisture conditions 

0-1 20-kO 1-2         10-20 

0-1 20-40 1-2         10-20 

0-1 20-40 1-2         20-40 

0-1 20-40 2-4         10-20 

0-1 10-20 0-1 20-40 Minimum moisture conditions 

Note: etur , shear strength at zero normal load, psl. a  , ultimate angle of 
Internal friction, degrees. 

* Maximum surface strength occurs under minimum moisture conditions 
except where otherwise indicated; e.g. maximum surface strength 
for map unit 4 occurs with a   between 2 and 4 and a   between 20 ■ i ä ur ur and 40. 

** Maxlmura moisture has less than 30 percent probability of occurrence 
during the wet season. Lowest strengths commonly observed are 
>60-100 for map unit 3 and 5, more than 100 for map unit 11. 



Photograph 1.  Stereopair of vertical aerial photographs of a part 
of the Lop Buri study area with surface composition classes k,   8, 

and 13 identified 

Riotograph 2.  Stereopair of vertical aerial photographs of a part 
of the Lop Euri study area with surface composition classes 8 and 

15 identified 



Photograph 3.     Stereopair of vertical aerial photographs  in th; 
(Cion Kaen  study area with  surface compos it Lon classes  ',; ami  11 

identified 

Photograph I4.     Stereopair of vertical aerial   photogrophs within 
the Chanthaburi  study area showing surface composit on classes 

1,  6,  8,  and 12 



Photograph 5.  Site TC-'+C in the Nakhoi Sawan 
study area.  This site was located c:\  a natu- 

ral levee and mapped as class 13 

Riotograph 6.  View of Nakhon Sawan site TC-8C, 
which was classified as surface composition 

class 1? 

i 



Hiotograph ?.  Surface composition class 10 that 
occurs within the Nakhon Sawan study area at 

site TC-6C 

Wfa % 
«*«* . ■ 

Riotograph Ö. A rice paddy in the NaKhon Sawan study 
area where cite TC-8E wan located.  Gurface composi- 

tion at this site was mapped as class 8 



Phctogruph 9.  View cf Lite TC-l^C In the Ixp Buri 
study area.  Surface cumpocition ut this site was 

r.apped nc  clasn I^ 

> 
/ f. 

■ 

'• ■■■■      '  fc 

* 

Ptiotograph 10.  Lop Buri site TC-10A. This cite was 
located in a rice paddy and win mapped as class 8 

. 



Photograph 11. Surface compür.ition 2itc TC-2LE in 
the Chiang Miii atudy irea; napped as clazz U 

Photograph 12.  View of the C.iiang Mai site TC-1VA, 
which was classified ric clnnc 12 



• ugraph 13.  U'-in clay nx.  rite TC-'.'K  :. tlic Pran 
'/.:L   study ireri, w:,i ;;. war r/ipj« 1 nr :J 1 

• i 

'SANA'S 

.   # 1 

|Ä|             ■ML»-*-, •.  w f 

■ 

1 

f 

* 

* 

■ ■ K . ^  "  ^ | 

Photograph 1U.  Prar. B-ori cite TC-393, which was 
napped an surface composition class 5 
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m MMT . -    ■. — " " Ik ■   - ■    if w •• •• •" "" "" 
k ?>n<-u . ■ 1    . A :.; mm .-1 ■ n CL ,: 1. -- — •• " -- 
k ?.ni.l'4 TM . Al .. .m •• 28    21 7   CL*L 1... •• •• " " 
k -   -. »9 •• mm B 1.7   80 rv  c. " •• -- •• " 8k,l 

1 .   -; ■ 1   kl . » -- ■ • 30   CH 1 * '. •• •• 
k .   - ■■ 

■   .. • A ■ -• •• * »7    22 Si    CH 1  1 '•' "- "" 88.1 

R -   - 1 . HM «UJO A .. .. 
■ 

10    CL .- 19 '• — " 
-   - ■ 1 ll 111 . tl mm mm se . n 3 n "- "- . 

n* -   • 1     1 üi . •• V. -- ■■■ 19     ■ U     CL ■ •• i- •• "* . 
'r -    - .     - . . M mm .. < . -- tr "- •• .  . 
'T .   .. 1     . ■ . 1 -1 ■ u,  1 " " " 1 31.    MH n »7 mm "" . 
1 -   -■. . .. »10 mm .- H a 27 3i    CH ■1 . ■ .' — " ■■. 

1 -    -• . 51 -i -   ■■ ll mm -- B3 .       ",! 1 Ik 1 •• "" 1.1.. 

1 .    .. 1.    . . . .   . ...  .1 Al -- mm ro n i1- 1C    CL t. .. • -- " 
.. -    - 1     • • ■ .   .. . u mm mm ■1 19 19 •1   ML •- •• -" "- 15.7 
.. .    .. 

■ 
. u — r- ^0 17 3   «L 1 . m "- " 80.« 

k .    .. 1     ■ • . ■ •   ■ 

.. mm r. . 23   MH .- .. -- " — 37.7 
• .   ... Will ■ 

mm mm 
■ 

■ i  • .'■     «1 ' 1. " •• ' - 11. 1 

• ■    -   i ...: Al -■ .- M          mm NI  a> ■ -- • . •• 1 '■ 

k .   .. 1     .... . A. mm mm 17   U 1    ML •• •• "" ■• . 1 

1 .... . . A. " " V 1   -. HI    HL ... 
•■ •' " .. 

. -    . .     . .   - . A • mm mm Bk 5k   2? •      '■H 1. ■'■ -- •m .    .1 

1 .    .  . 
■ 

A ■ mm mm - ... ■ . .   . •• mm 1. 
| ?.n*.5( ,   . Ai -. -. ■. .     . 28    CL i. 1. i. •• -- Bl, . 

■ .   .  . . .      . Ul . .. .. -- ■ 90 u 6k " "- ... 
'■r- -   - MM41V HMIK* •• " " -1 •. 36   CH n i.n . -" ■'- . 
1. .   . . .   . A mm .. B3 ,.     . Ul 1. 1   .• " •- 89.3 
r^ .   - ■ 

A^ mm .. •1 •    ■ 1   ai ... 1.33 ■ " -- ". 
■ .   .. . . ■  ■. A mm .. ■ ■ 32    CH . 1.39 lk9 " " ■   -7 

I .   .. ! .1 ■■ A mm .- B7 ■ ■   . I.    .'.1 ' 1. ■ • -- •• il.'j 

I ,.   ... .1   ■ ■ . ■AIM " " ■: .     , . 1 1 1.. 1.. ■ m "" "■ -- 
1 .   . « 1     ■ A- mm .. 63 ■ )1.    CH 1 ■ 1. 1 m " -- 86,9 

1 JrfKrfJ . 1     11 M mm mm •i • . . ' 11 •- -- 2I1.1. 

-     . 1     Hi 1     '• »7 mm « I'.   U U    HI 1,. 1' •■ ■■ i' .;■ 

1, .    ■   1 • A ' mm mm 51 1 .,1 1 -- -- 17.3 
| -     . 1     111 .... M •• " 7« i)   CH 1 !. 1. > ■ — "- . ■. 

l. -     - .    .   . 1 . A ' • . mm ■ Ik   a ' 0,80 7k -- " .' 
■. »7 mm mm .     U ■ 

6k -- •- 
k -     . : 737l./> A' mm mm ,■". ■ E     H Ul ..   ' 185 >• -" 31.1 

k -     - ■ .          . ... A' mm mm B3 ..     17 U    ri . 1. 121 .. " 
1 -     • •       1 . . •      1 A. " " •1 1 1 . .. •" "" "" "* 12.1 

1. -     -   1 ■       ■ • i   n - A' .. mm 1 11    ni " •• -• " " 
22.6 . JrfllJl • 1   .. A' mm ■- »7 •1 '     1 ■■ "" "• "' 

,     .   . A' mm .- 13   u 17    CL 1.1. . 1. .. mm ■■ 18.2 

-     . ■ . All -- • • >l |       ll 1 1.01 1. -- -" .■ 

I ,^y^l ■ 
1 . .. .    ■ «ll • m mm K • ■ u . 'A " ■" 

26,ll 

k 
■■<■■    .. W" ...1 - .- u ...*'"    . " " B 1'    • U    CM 1" "■'Ji n  ^1—  ^— 
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Table A3 

Sunt rv of Surfact Corcpoa tluli Field Data 

Old ing MM 

Unified B ■.I MoiG- 
0- Claa i.'lnnt.ln, ,__ B ?.L1 Ct.c rurth Mcaü jranentü 

Site No. 
Uato 

Sampled 

^cation 
.   ' 1- 
t    mt 

Slope 
Fines 
i by 

Weiglit 

AU 
l,i lit. 

eg 
Soil 
Type 

Cone 
Index 

Remold- 
ing 

Index 

Rating 
Cone 
Index 

Shear 
a    tt 
ur 

psl  _ 

;rar,h 
a    * 

ur 
tut 

Con- 
Map MS Map 

Sheet*« 
arid 

Coords No, 
tent 

'■•[:,.■.■■ !,; 11 TT If 
11 3-T-l ll/lO/öl 1.7671 96881.;' AL .. .. .. .. .. 138 0.1*8 66 1,3 27 
nm 3-T-? l,/10/6l. 1.7671 350891 A12 — -- -- — -- mm -- 121 0.66 80 0,7 27 — 
run 3-T-3 sAo/ä 1.7671 91*2909 Al? — -- -- -- -- — -- 71* 0.51 38 1.1 23 — 
:im J-T-li s/io/a 1.7671 932907 A12 -m ... .. .. --   -- 19 0.32 6 0,8 25 -- 
k 3-1-5 6/10/9* I.867III 071755 A13 — — — — — — — 151 0.1t7 73 1,1 31 .   — 
5 3-T-6 c./io/bii I.8GYII1 £20700 All. — — — -- — — — 51 — — 2,1 ll* — 
14 3-T-7 6AO/64 I|867I1I 173702 AIL -- — .. -- .. -- .- 32 .- -- 2,1* 15 — 

nin 3-T-9 8/1Ü/6I. 1*7671 91*6963 _- _- — .- -- —   -- 121* 0.38 1*7 1.1* 11 — 
run 3-1-10 e/io/Gh 1.7671 9699 '2 ._ -- — .. — — .. — 93 0.62 58 2.2 15 — 

5 3-T-U O/10/Ot I.867IV 01*9832 A13 ~ -- -. — — — — 310 .. .. 1.8 28 — 
iini 3-1-12 ')/l0/^l l.B67iV 027882 A13 — — — — -- — — 238 0.95 226 1.2 22 .. 

5 3-T-13 j/lu/a l|867IV lit586li A13 -- -- — — — -- " 158 0.92 ll*5 1.2 22 -- 
ll 3-T-l'l 9/10/61. 1.867111 036800 1) -- -- .. — -- mm — 107 0.3li 36 2.5 9 — 
4 3-1-15 11/10/61. lt7( 61 961*561* A15 _- .. _- — -- .. — 118 0.61. 75 — .. 
iJ 3-T-16 21/10/61. 1*76711 956723 A15 — -- .- .. — — -- 1, 0 0.1t5 51* 3.7 21 — 
5 3-T-17 :.'l/10/6i. I176YII 996718 A19 „ __ „ __ __ __ __ 82 0.30 25 2,0 26 ._ 
h 3-1-18 ,'1/10/61. 1.7661 '179901 . i -- — .. — — -- — 398 1.20 1*78 1,0 22   

ran 3-T-U .-1A0/6I. 1.766111 ,939 -- -- -. — — —   .. 169 O.lh 125 3,2 25 — 
nm 3-T-2U 21/10/61. 1.76611 r 670326 —< -- -- -- — --   -- 287 0.53 152 1,8 22 — 
nm 3-1-21 21/10/61. 1*766111 (.73283 ~ — ~ — " — " — 155 0.65 101 2,2 20 — 

ll 3-1-22 22 Ao/» 1*867111 '060732 A13 — — .. — — — 170 0.59 100 1,0 30 — 
- 3-1-23 22/10/61. 1*867111 063707 AH. -- -- •• .. -- -- -- 265 0.88 233 0,6 23 — 
6 3-1.211 22A0/6I. 1*867111 025671. All*   -. — — —   .- 11*7 0.75 U.0 1,2 23 — 

nm 3-1-25 22/10/61. 1.8661V 022536 -- -- -- — .. --   — 160 0.80 128 2,0 27 -- 
nm 3-1-26 .vAo/61. 1.86617 057527 — — — — .- — "- — 153 0.23 35 0,2 28 .. 
nm 1-1-27 22A0/6I. 1.866IV 1291.56 .- -. -- .. -- ._ _. __ 196 0.69 135 0,5 37 _. 
nm 3-1-28 22/10/61. 1.7661 9731.96 --   .- -. — --   -- 156 0.79 123 2,0 5 .- 
nm 3-1-29 22/10/t.l. 1*7661 9661.72 -- -- -- .- — —   -- 179 0.63 113 0,1* 21* — 
nm 3-T-30 22 Ao/61. 1.7661 9351.75 --   — — — --   mm 192 0,66 127 0.3 37 — 
k 3-1-31 23/l0/61i 1*7661 959576 Ai5 "- — — — -- — -- 159 0,53 Bit 0.2 39 — 

nm 3-1-32 23/10/61. 1*7661 99351.1. — — — — — — — mm 168 0,71. 121t 1.8 ait — 
12 3-TC-lyA 11/9/6I. 1.8(7 n- ..v, A13 BD 0 29 — — NP SM 175 0.53 93 0.7 8 16.1 
11 3-Ic-liiii 11/9/61, 1*8671» 165867 A13 T 0 32 — — NP 3M 17Ü 0.52 90 0,9 19 19.5 

5 3-TC-iyc 11/9/61. 1.8671V 161*806 A13 BF 0 37 21* 13 11 SC 112 0.28 31 — — 22.3 
5 3-TC-1911 11/9/61. 1.86717 I63866 A13 SB 0 57 35 18 17 CL 156 0.59 92 0.0 13 22.9 

12 3-IC-13E 11/9/61. 1*8671» 162665 A13 LS 3 33 .. .. NP SM 197 0.86 169 0.3 15 15.1 
12 3.IC.19F U/9/6I1 1*8671» 160861. A13 !■:,; 2 1*8 — -- NP SM 116 u.98 lilt 1,1 18 13.3 
nm 3-TC-20A 1*8661» 1351.5« SB 0 13 — — KP SM 118 1.01 U'M 0.8 11 19.7 
nm 3-IC-P0B 12/9/6I. 1.80617 1351*58 — BF 0' 1*7 23 18 5 SM-3C 199 1.01 201 0.1 27 lit.6 
nm 3-TC-20C l,'/9/61. 1*8661» 131*1*58 — T 0 81 31« 11 13 CL 115 0.56 64 0.1* 17 23.9 

nm 3-IC-20D 12/9/61. 1.866 IV 1311.58 __ US 7 52 16 ll* 2 ML 156 0,32 50 0.7 13 17.6 
nm 3-IC-20E l?/9/61. I.866IV 1331.58   UF 0 63 22 13 9 CL 153 0.60 92 0.0 20 16.6 
nm 3-TC-20F 

13/f/ft 
1.866IV 1331.58 — LS 18 1*9 25 17 B SC 212 0.69 M 0,3 10 16.3 

13 3-IC-21A 1.867111 028793 A13 NL 0 1*6 20 17 3 SM 119 0.5I* 61* 1,2 18 20.1 
ll 3-TC-?lD 13/9/61. 1.867I1I 029791. A13 I 0 511 30 18 12 CL 90 0.53 1*8 0,5 3 27.1. 

It 3-TC-P1C 13/9/61. 1.867111 029791. A13 IS 1 57 28 18 10 CL 117 0.35 1*1 0,1 lu 21.5 
ll 3-IC-S1D 13/9/61. I.867HI 030791. A13 IS 1 57 28 18 10 CL 123 0.37 1*6 0,6 8 25.6 
ll 3-I0-21E 13/9/61. 1.867111 031795 A13 BF 0 1*6 21* 17 7 SM-SC 11*2 0.36 51 0.3 17 21.9 
ll 3-TC-niF 13/9/01. 1*86711] 031795 A13 BF 0 20 -. — NP SM 380 0.21* 91 mm 18.8 

nm 3-I0-22A 110/» I1866IV 011.533 — NL ll 76 31 17 lit CL 111 0.53 59 0.5 8 22.8 

nm 3-TC-22D 1I./9/61. 1.8661» Oll. 533 — BD 0 88 1*7 23 2lt CL It8 0.51* 26 0.1* 10 33.11 
nm 3.TC-22C 1I./9/61. I.866IV 015533 — IS 5 78 1*0 21 19 CL 81* 0.73 61 0,7 11 21.5 
nm i-rc-ssa il./9/61, 1.8661V 020531 -- BD 0 91* 33 20 13 CL . :'i 0.29 66 1,0 5 2lt.l 
nm 3-TC-2;'I; II./9/6I1 liBbblV 027530 -- IS 1 91 31, 22 12 CL 313 0.25 78 0,2 2 2ll.3 
nm 3-10.23» Vj/9/(b 1.866« .0971.56 — BI 0 66 51* 26 28 OH 157 0.1*3 68 0.5 10 33.2 

nm 3-TC-P3B K/y/Oi 1.866IV 0971.56 — LB 9 68 78 35 Ii3 CH 220 — tr 1.2 5 37.3 
nm 3-TC-23C V./j/O, I.66C1V 0961.57 -- UF 0 63 72 35 37 :,'ji 219 — tr 1.2 3 31.7 
nm 3-TC-;.'3i1 li/9/61. 1*8661» 053510 .. IS 1 75 J 19 13 CL 672+ — tr 0.0 10 28.5 
nm 3-IC-23I l'V9/6l. 1*8661» 051.509 -- IS 1 It8 NP m 182 0,18 33 0,5 11. Hi.8 
nm S-IC-SSF 15/9/61. 1.8661» 055509 — IS 1 51* — — NP ML 108 0,18 19 0,2 17 21,1 

nm 3-IC-S30 lVS/61. I.866IV 058507 .. IS 1 51 .. -. NP ML 295 0,25 711 0,1* 13 12,ll 
nm 3-TC-2I1A 10/9/(J. 

l6/i/61t 
1.7661 8561.81. _- BF 0 91* i»a 21* 18 CL 168 0,5!* 91 0,8 8 28.7 

nm 3-TC-rllD 1*7661 855I.8I1 -- IS 2 79 27 18 9 CL 750*- -- tf 0,0 10 15.0 
nm 3-TC-2llC 16/9/61. 1*7661 8551.81. .. T 0 75 33 19 V, CL 130 0,69 90 0,1 I'. 22,6 
nm 3-TC-2liD 16/9/61. 1.7661 85I.I183 — NL 0 1*8 — — NP SM 252t 1,60 1*03+ 0,2 16 20,2 

(Continued) 

Note: All soil streiipth meaüurementG except shearfiraph measurements were made at a l1)-  to iO.'j-cm  deptti. Sheargraph measurerients were made at 
the surface. 

* nm, not mapped. 
** Series L70B, scale 1:50,000. 
t BF, bottomland flat; BP, bottomland depression; LS, lower slope; MS, middle slope; NL, natural levee; T, terrace; TS, terrace alope; 

SB, stretun bottom; UP, upland deprossion; Ul;", upland flat; US, upper slope, 
tt dur , nhear ctrengtli at zero normal load, 
* a r , ultinmte angle of internal friction, 

** tf, too firm. 
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Table A3  K'otioluded) 

Unin ■ ■ 1 : -- Hör». 

SI to  Bo. 
Date 

Sample! 

LMkUon 
Topo- 

Ki-arliic 
Posi- 
tion 

Slope 

i'iRi: Ifloü tlon Syi tn oil   ItFI um mu HV;;. !,. 

Hnes 
i by 

WolKht 

Attei'li 
Limits 

 im 

Soil 
TTi" 

Cone 
[mlex 

homoM- 
int: 

tndu 

Oil      I.,' 
Cone 

IIKICX 

Slu-li EBUL. Con- 
Hor AM3 M»ii 

S!ieet 
m-li 

Coords 
figure 

No. 

17 

tent 
Claas 1.! ii TT t 

1. 3-IC-25A 16/9/61. 1.7661 89P«3 A13 Bi- 0 6« 33 11 CL 150 0.93 I'.O 0.0 II4.5 
13 3-TC-?5B 16/9/6). 1.8661 89157S A15 ts , 66 , 1 16 10 CL 136 0.67 n 1.1 1 17.0 
U i-tC-l'K 16/9/0. 1.8661 HSy',71 AIS T 0 32 .. .- NP SM 93 0.81 73 0.0 '. 11.7 
run 3-TC-P6A 17/9/ft 1.7671 91.8978 .. 8F 0 31 23 12 13 CL 193 0.1.0 ,■■ 

«. is.a 
nm 3-TC-?CB 17/9/W 1.7671 91.8978 -- T 0 f. 28 16 10 CL 58 0.33 19 ". I| 30.1* 

run S-TC-.-'fjC 17/9/61' 1.7671 91*7978 — L3 9 .-Ii .. -- NP SM 111 1.93 21)4 0.0 18 10.7 
im 3-TC.?« 17/^/6ii 1.7671 9147978 .. US 9 28 .<■ -. NP SM 158 3.69 383 0.6 19 1 . 
run 3-TC-r6E 17/9/61. 1.7671 91.7976 -- W 0 31 -. ■•• NP SM a39 1.1 it 0.6 12 11.8 
11 3-TC-87A 16/9/61. 1*76711 96?791 A12 T 0 h7 19 13 6 SM-SC 173 0.32 33 0.7 12 15.6 
a 3-TC-.'7E I8/9/6I1 1.76711 961792 A12 L3 1 52 22 lit 6 CL 356 0.65 231 0.3 17 12.1* 

ii 3-TC-2VC 18/9/61. 1.767II 959793 A12 LS 1 42 17 Ih 3 SM 1420 0.35 1)47 0.3 13 15.3 
ii 3-TC-;"(u IB/9/61. 1.767II A12 111 1.9 ,■;■ 15 7 BM-SC 115 0.1*7 51. 0.0 16 17.3 
ii 3-re-dj ssA/ss 1.B67IV 2178?5 A13 T 2 62 21. 16 6 CL 89 0.33 1.7 _. „ 20.1 
u 3-PR-81 as/r/ßa 1.86717 202632 A13 W 1 37 16 16 0 SM 1I46 1.00 11*6» __ .. II4.0 
12 3-m-K' S5A/6B I.867IV 19081.0 A13 MS 33 ks ;!, ll. 8 SC 103 0.51 53 -- -- 13.9 

1? 3-m-e3 ?5A/^ '.867IV 1888)43 A13 MS 1 Ik 21 15 6 SM-SC 301 1.00 301» __ _. 10.3 
13 3-re-Bi. asA/sa 1.8671V 1308'i6 A13 a 0 68 1.0 2l4 16 CL 132 0.78 103 __ .. 1.) ( 3-I«-t'3 H/1/6? 1.867 IV 130853 A13 BC 0 77 1.1 21. 17 CL 80 0.60 1*6 •• .. 23.8 

l. 3-FK-* ?eA/6.- 1.7661 892377 A13 BF 0 55 - 15 11 CL 95 0.58 55 _. .. '..1 
5 3-PK-97 .'jA/fc' 1.76711 917686 A13 T 1 33 23 LI 7 CL-ML 11*0 — — 11.1 

11 3-m-* 29A/6? 1.767II «, i ,. Al? T 1 53 19 12 7 CL-ML 171 1.00 171*   „ 11.8 
1? 3-BI-99 29A/te 1.7671 96381.0 A12 MS 33 68 37 30 27 Mil 116 0.71 81* -- — 30.6 

M   tr, toe rim. 
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Tnble All 

f.V i.r nurl'iicr: G :ir.po:-]Uon Fluid D'il.'! 

Map 
Clai!.- 

Locotion  
Griil      Figure 

15 
15 

6 
6 
6 

15 
15 

15 
15 
15 

B 

li-T-1 
k.1-1 
lt.T-3 
l.-T-l. 

li-T-5 

lt-T.6 
l)-T-7 
1,-T-B 
lj-T-9 
ll-I-lO 

lt-T-11 
ll-T-12 
lt-I-13 
i4-T-l't 
U-T-15 

k-T-16 
'(-1-17 
It-T-lB 
'i-l-l') 
It-T-SO 

U-T-Sl 
l(-T-2i' 
li-T-23 
lt-T-2ll 
lt-T-25 

k~1-26 
l(-T-27 
U-T-28 
I4-T-S9 

I4-T-31 

»t-T-33 
I4-TC-38A 
I4-TC-38B 

I4-TC-38C 
k.ic ?no 
'l-TC- J^M 

lt-T0-39B 
lt-TC-39C 

l(-IC-39D 
U-HC-kOA 
U-TC-kOB 
'I-TC-IJOC 

It-TC-liOD 

I4-TC-I4IA 
I4-IC-I4IB 
li-IC-ltlC 
II-TC-II1IJ 

li-IC-liSA 

l|-TC-'42B 
li-TC-l42C 
h-TC-U?]/ 
'4-TC-'43A 
l4-TC-'43B 

'4-TC-I43C 
I4-TC-I43Ü 
U.IC-I4I4A 
k_Tc-l4l4B 

k-tc-hkv 
h-IC-hht. 
h-ic-hhr 
It-tO-ltSA 
I4-TC-I45B 

I4-TC-I45C 
I4-TC-I4Ö1 
I4-TC-I46B 
l4-TC-'46C 
14-TC-147A 

I4-TC-I47B 
I4.TC-I46A 
14-TC-148B 
14-IC-148C 
14-TC-ltBD 

L-att       AMB Majj 
Sampled      fliioet*^      Coords      No. 

15/4/65 
15/./« 
15A/65 
17/4/65 
17A/65 

18/4/65 
18/14/65 
19A/65 
19/4/65 
20/4/65 

PO/4/65 
20/4/65 
21/4/65 
22/4/65 
22/4/65 

22/4/65 
23/*/65 
23A/65 
2.4/4/65 
2l./,/65 

6A0/6I4 
6AO/614 
7/10/04 
7/IO/6I4 
7/10/&I 

■l/10/6h 
'i/10/G, 
7Ao/6|4 
8A0/6I4 
8/IO/6I4 

8/10/61* 
B/IO/6I4 
8A0/6I1 
8A0/6I4 
8/I0/6I4 

8A0/6I4 
9/10/04 
9/10/6I4 
<)/lO/&t 
9/10/614 

1491471 991506 A18 
I49I47I 991(502 A18 
It9l(71 0081(89 A18 
W71 9771(63 A1Ö 
I49I4711 9821(1(6 Alb 

I49I471 9731(51 Alb 
14914711 970I4I4G A18 
I49I4711 9691439 A1B 
I49I4711 9651.27 AlB 
I49I4711 9814.425 A1B 

I(9l471 011526 AlB 
I49I471 018556 A17 
I49I471 996512 AlB 
I49I471 997567 A17 
1(91(71 986556 A17 

1491471 
1(91(71 
1(91(711 
I49I4811 
14914811 

I49I4911 
1(91(911 
Won 
1(51(911 
I49I4911 

i49149II 
149I491I 
i49|49II 
14914911 
l491491I 

I49I49I1 
1(91*911 
1(91(911 
14914911 
l49|49II 

14914911 
1491481 
149I4B1 
1*91461 
14914BI 

O0155l( A17 
9771(81 AlB 
9931*1*6 AlB 
90971*6 A16 
9017lil Alb 

2l./l*/65 I49I48U 901(778 A16 
2I4/4/65 -- — ~ 
25/./65 14914811 879752 Aib 
25/4/65 14914811 86.-776 A16 

25A/65 I49I48II 837739 Alb 

25 A/65 14914611 9I457I45 A16 
2tA/65 1491471 056578 A17 
26/1*765 I49I471 05l45f£ A17 

27A/65 I49I471 986530 AlB 

P7A/65 1*91(71 982522 AlB 

28A/65 I49I4811 929750 A16 
28/l*/65 l(9i*8II 9187'.'. A16 
28A/65 1*9.4811 908723 A17 
I4A0/6I4 1*91471 9'4 3509 A18 
I4A0/6I4 1*91*71 9143508 AlB 

14/10/6I4 1*91*71 9113508 AlB 
I4/10/6I4 1*9I17I 91*3507 Alb 
l./lO/bl* l*9l*7I 937585 A17 
' Ao/61. 1*91*71 037585 A17 
i*Ao/6i* 1*91(71 936586 A17 

l(A^/fit( 1*91*71 9365B6 A17 
V10/6I4 1*91*811 O'.OOOI A17 
5AO/6'. 1.91*811 01(6693 A17 
5/10A14 1*91*611 0'.6(.*2 A17 
5/10/614 1*91*811 0145691 Ai7 

5/IO/6I4 1*91(81 0'49853 A16 
5/10/a I49I481 O5O85O Alb 
5A0/6I4 I49I461 052H.7 A16 
5/1Ü/6I4 I49I481 05381(14 A16 
6Ao/6l( 1491*911 038059 — 
6A0/6I1 1*91*911 036062 — 
6/IO/6I4 1.91*911 039066 — 
6/10/6'. 1*91*911 01*0069 .. 
6/10/61. 1*91*911 036010 -- 
6Ao/6l4 14914011 036013 — 

036017 
037030 
01*5156 
0143156 
OI4II56 

0140155 
039155 
037155 
0721143 
0721143 

071114l4 
0721I4I1 
0721|4'4 
0711'4'4 
0631146 

06311(8 
0I41960 
0141961 
0140961 
03B961 

Tupo- 
I'raptiic 
Posl- 
tloi.t 

BF 
BJ 
BF 
BF 
BF1 

BF 
BF 
BF 

Bl 
BF 
111 
BF 
BF 

NL 
BF 
BD 
NL 

Unll'led 
Classil'lcatio 

oil 
Syrien 

Soll Str.■ii.-Il. Mi-'ar.ui'qrients 

I.lüpO 
Fines       Atterterg 
^ by      _ Umlta _ 

BD 
Bt 
m 
BF 

LB 

NL 

T 

BF 

IS 
IS 

TS 1 
IS 1 

TS 1 
I 0 
T 0 
B 13 
H 0 

T 0 
I) 13 
B 0 
T 0 
T 0 

I 0 
B 12 
B 8 
TS 3 
TS 1 

CL-ML 
CL-ML 

—    —    Ml, 

CL 
CL 

— BH 
~ CL-ML 
— SH 

-- SM 

— 01*1. 
-- CL-ML 
— CL 

— CL-ML 

— CL 

— CL 

— CL-ML 
~ CL 
— SP 
— BF 

— SP 
— SP 
— SP 
-- BP 
— CH 

— CL 

SP-SM 
SM 

Cone 
1;. i' •: 

31 
27 
82 
Tk 
53 

58 
1(5 
1(3 
32 
514 

77 
US 
37 
83 
77 

1*6 
69 
1(6 

671 
730+ 

(M 
750» 
750*- 
750* 
750* 

750* 
750* 
750* 
113 

92 

750* 
750* 
328 
172 

95 

118 
73 
1(9 

106 
85 

79 
11*3 
155 
31(5 
91 

199 
261* 
185 
293 
518 

I4Ö? 
668 
567 
1472* 
22l4 

112 
713 
159 
2I4I4 

3l(B 

269 
236 
11*3 
250 
190 

21*3 
218 
187 
283 
336 

310 
286 
170 
"(31 

Hemol'l- 
ing 

Index 

0.68 
0.67 
1.17 
0.62 
0.81 

0.79 
0.51 
0.53 
0.75 
0.81 

0.77 
0.92 

Ü.6I4 

0.55 

0.70 
0.77 
1.09 

0.69 
0.68 

0.67 
0.76 

0.71* 
0.1*5 
0.22 
0.37 
0.81* 

0.81 

0.67 

O.M 

0,1*5 

O.BI* 
0.1*0 
0.53 

0.67 
0.1*7 
2.01* 
1.1*0 

0.76 
1.50 
1.65 
0.82 
1,03 

Katinp, 
Cone        "ur 
Index     psl 

21 
18 
96 
61 
1*3 

1*6 
23 
23 
21* 
1*1* 

59 
111* 

oliear^raph 

53 
1*2 

32 
53 
50 
tm 
tf 
u 

tf 
M 
tf 
78 
63 

tr 
tf 
tf 

115 
72 

87 
33 
U 
39 
71 

61* 

131* 
98 

181* 

158 
67 

51*1 
266 

190 

327 
300 
232 
31*6 

1.9 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.8 
0.0 

0,0 
0.0 
0,2 
0.0 
0.0 

0,0 
0,2 
0,6 

0,3 
0.2 

0.0 
0,0 

0.7 
0.9 
0.1* 

0,8 
0,0 
0,2 

0.6 
0,0 

0,0 
0.0 

0,3 
0,2 

0.0 
0,6 

0.0 

0.3 
0.2 
0,8 
0.5 

1.7 
0.0 

15 

23 
31 
38 
38 

38 
1*6 
1*8 

'*'* 
39 
17 
22 

17 
ic 
18 
20 

23 

22 
21 
18 
25 
17 

26 
26 
15 
15 
10 

10 
18 
9 

II 
20 

13 
lb 

11 
21 

18 

3 

17 
8 
3 
8 

20 

13 
20 

1*3.2 

38.6 
58.6 

1*9.6 

5I4.9 

13.6 

l*.5 
5.7 
3.6 

3.7 
5.9 

5.6 
12.9 
15.1 
28.7 
50.1( 

5.'4 
12.7 
H..8 
18.5 
ll(.l( 

16.; 
20.2 
.6.2 
15.1 

13.3 
17.1* 
23.6 
16.5 
28.0 

I8.3 
16.0 
21.0 

15.9 
8.5 

6.6 
9.0 
12.7 
9.0 
7.2 

15.0 
13.3 
22.2 
18.3 
17.5 

15.1* 
11.7 
18.8 

20,3 
5.0 

3.0 
21.7 
3.5 
2.5 
19.1 

22.5 
1''.7 
3.1 
1*.6 
6.8 

te: All soil strength measurements except sheargraph measurements were made at a 15- to 30.5-em depth, Sheargraph measurements were made at 

the surface. 
* nni,  not mapped, 

444'    Series L70b,  scale 1:50,000, 
t    BF, bottomland flat; BD,  bottomland depression; LS, lower slope; MS, middle slope; NL,  natural levee; T, terrace; TS, terrace slope; 

SB,  stream bottom; UN, upland depression; UF, upland flat; US, upper elope, 
tt    aur. ,  shear strength at zero normal ioal, 

* Our , ultimate angle of internal friction. 
M    tf, too firm. 
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T»H# AS 

Note:    All soil  ctreiigtli mear.uremtnti except  «h«feritrac> **mw*T 
the surface, 

* nm,  not mupped, 
M    Serleo L708,   scale 1:^0,000. 

t    W, bottomland flat;  BI',  bottcmland deprafilont LI,  iovvr alnf*i 
SB,   streani  hotlnr,;  UI),  upland depreiiloti; Ul»  upUM flail W, 

tt    alir  , shear atrervgth at tero normal luad. 
* o^.  , ultimate angle of inttrnal frlctlc«. 

t*    tr, too firm. 

m, M«U# M^*| «, ».f. 
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Table A6 

Summarv of Ourfaoc Composition Field Data 

am tliaburi 

on if ad Soil Mols- 

BU« No. 
Date 

Sajnijlfrl 

locution 
Topo- 

erapl.ic 
Posl- 
tlont 

Slope 

Clas ifle ition  SvKteni Soil 8tr»n«th Meanurements 

Kinps 

Weip.ht 

Attertwrg 
Limits          Soil Cone 

Index 

Remold- 
ing 

Index 

Rat i ng 
Cone 
Index 

Sheargrapli 
a    tt   or    t 
ur         ur 
DSl         dew 

Con- 
Map AMS Map 

Bheet** 
Orld 

Coords 
rigur« 

Ho. 
tent 

Clam U_ gL     11     Tjpc 

11*    18   CL 

< 
1 t-K-PHh ?-i/9/6h 5I.1.8IV 889951 A2I. IS 51* 32 153 0.51* 63 0.5 13 18.2 
1 6-TC-se.B ■ 'i/'j/d 5III.6IV isr/jv A2ll T;; 2 52 21* 15     9   CL 112 0.68 76 0 0 13 17.2 
1 6-IC.28C siA/m 5ltlt8lV hi!995;- API* TS 2 51 25 16     9   CL 11*7 0.50 74 0.2 li 19.4 

nm 6-TC-28L ■■'i/'j/O, 51.1.81V «8995: A21* I 0 56 28 17   11   Cl. 11*5 O.5I1 76 0.2 14 18.8 
run 6-TC-?9A ?3/9/« ■jltl.8iv 81.0993 A21. BF 0 67 1*1* 21.    20   CL 93 0.36 35 0.0 7 37.6 

nra e-TC-S'JB £3/9/01 91.1t8IV 836932 A2l* BK 0 78 66 33    55   CH 1*7 0.51 24 __   93.8 
aii 6-TC-290 Vify/bh 5itii8lV 81.1931* A24 BF 0 76 31* 17   17   CI, 68 0.1*8 42 0.6 9 31.5 
run t-TC-JÜA :",/JM 9'.1.8lV 759003 A2l* Nh 0 56 28 16   12   CL 103 0.1*9 50 0.2 10 21.5 
run C-TC-iOB Sk/?/(M 'j'.I.ÖIV 758001. A2l* IS 2 1*6 23 15     8   SC 50 0.61. 32 0.2 10 20.5 
run 6-TC.30C skfi/to ■jl|l.8lV (■58005 A2l* IS 2 1*1 17 12     5    SM-SC 91 0.1*6 42 0,0 15 16.7 

run 6-TC.30D Shfy/Ch 91.1.81V 758006 A2l* T 0 51 23 11.      9    CL 99 0.51* 53 0.2 13 19.1 
run C-TC-31A SU/9/&, 533911 213078 A22 NL 5 76 1.1 25    16   CL 69 0.52 36 0.2 16 32.3 
nm t-TC-31B shA/eh 533911 213078 A22 HI. 0 93 65 33   32   Mil 63 0.68 1*3 1.1 6 'a.3 
nm 6.TC-31C 2\/)/t\ 533911 212078 A22 BD 0 91* 55 28    27    CH 1*9 0.6l 30 _. i8.3 
ran 6-T0-32A Ib/'i/O* 5339II I'lllOl Ä22 T 0 1*9 — —    HP    SM 109 0.07 6 0.0 21 22.3 
run t-TC-3DB lb/l/(M 5339II 11.1101 A22 LS 8 1*9 12 —    HP    SM 115 0.36 '.1 0.0 18 16.6 
nm t-ic-sec 25/9/611 933911 11.1102 A22 MO 10 (1 27 16    11    CL 96 0.51 1,9 0.9 12 18.9 
nm C-tC-iSb 25/9/6'' 5339II 11.1102 A22 ua 11 61 21* Ik    10    CL 121* 0.52 64 0.8 14 17.5 
nm 6-TC-33A 25/9/611 91.I.H1V 759001 A?!. BD 0 92 53 33    20   Mil 199 0.29 58 0.0 17 42.5 
nm 6.IC-33B 25/9/ei 51.1.817 761000 A2l* TS 3 , 67 56 1*3    13    Mil 326 ictt 0.0 19 1.1.7 

run 6-IC-33C 
C-TC-ikA 
6-TC-3|tB 
6-TC-3W 

!'j/)/(M 
zkhßi 
?t/9/(h 
?(:/)/GU 

51(1.8 IV 
531.9111 
531.9111 
531*9111 

762999 
551136 
95.1137 
950138 

T Q 86 MH 79 
11'. 
112 
186 

0.68 
0.51. 
0.59 
0.83 

54 0.0 20 
4 

15 
14 

43.3 
run 18, 

T;i 
0 86 

66 
15'. 

60 
ML 0.7 

0.2 
0.8 

30.3 
19.9 
17.7 nm __ tfl it 1*2 I.H 2lt    21.    SC 

nm f-TC-3l<:i 2b/)/ib 53I.9I1I 950139 — IS 3 1*2 36 19   17   sc 563+ 0.55 321* 0.7 19 18.8 

nm c-ic-iki: 26/9/5lt 531.9111 91.9139 - LS 5 56 36 22    Ih    CL Ulf* .. tf 0.8 17 81,4 
run 6-TC-3'jA 27/9/0' 53''91I1 71.3027 -- 111. 0 70 22 15       7    CL-ML 81 0.35 28 0.5 .20 20.2 
nm (■-IC-35B ?7/9/« 531*9111 71.3028 — TS k 67 26 13    13    CL 103 0.73 77 0.0 17 17.7 
nm 6-TC-3'jC 27/9/W 531*9111 71.3028 — T 0 52 12 12      0   ML 119 0.48 57 0.2 20 16.7 
nm b-TC-i'jb 27/9/61' 531*9111 71.2028 — LS 5 1*5 1'. —    NP    SM lit 1.26 11.6 0.3 15 16.0 

nm 6-TC-3iE 27/9/6'' 531*9111 71.2029 — m 10 66 26 16    10    CL 115 C.60 69 1.0 20 18.6 
nm C-TC-36A ?8/9/6'< 521*81 576980 -- BI. 0 33 3'. 16    18    SC 119 0.1.7 56 0.0 13 25.3 
nm 6-TC-36B 28/9/61. 521*81 578979 — IS p. 13 11 —    IIP    SM 117 0.38 44 0.3 14 25.5 
nm 6-IC-36C 28/9/6I. 521.81 577979 -- T 0 9 — —    NP    SP-SM 11*9 0.77 115 0.9 15 20.7 
rn e-TC-ltV 28/9/61. 521.81 576979 — LS s 6 — .•    NP    SP-BM 208 1.13 235 0.0 15 7.0 

nm 6-TC-36E 28/9/61. 521*81 575979 — IB 0 8 .. —    »P    SP-SM 171 0.67 149 0.3 15 9.0 
nm 6-TC-37A 29/9/61. 511l9II 059082 .- m 0 60 30 12    18    CL 96 0.57 55 1.0 15 16.2 
m 6-TC-37B 29/9/61' 5159II 05908? -- IS 3 63 36 13    23    CL 128 O.36 1.9 0.3 13 17.3 
nm e-TC-37C 29/9/61. 

29/9/6I. 
515911 059081 -- I 0 1*6 20 12       B    SC 68 0.60 1.1 0.1. 15 16.8 

ran 6-TC-37D 511*911 058080 — I 0 71 29 11.     15    CL 81 0.1.2 3'. 0.0 15 25.0 

nm 6-CR-100 6/10/61. 5I.I.8IV 98698O A2.1. _. .. 1*1 26 16    10    SC 290*-   tf   16.'. 
run 6-CR-101 6/10/61. 5I.I.8IV 98798.- ASlt .. -. 31 1.8 31    17    SM 221t   „_ 16.4 
nm 6-CR-1C9 7/10/(9. 5I.I.81V 865997 A21. -- — 27 — —    »P    SM 178+   ti- ,_ 13.9 
nm 6-CR-113 7/10/61. 531.911 128096 A22 -_ ... 36 21 17       ''    SM-SC 177   _. 16.6 
nm fj-CH-nt 7/10/61. 5I.WIV 770991 A.1'. — " 60 52 --   19   MH 135 1.10 ll. 6 — 44.5 

9 C-CR-118 8/10/61. 51*1*8111 00211h A25 — — 66 79 hh   3b   mi 128 0.63 81 „ 40.0 
1 6-CR-119 8A0/61. 51*1*8111 979767 A25 .. — 78 57 25    32    CH       142.0 

13 (j-CR-l?0 8/10/6H 51*1*8111 969788 AS; mm   10 —    NP    SP-SM 108.     ., 18.2 
i e-CR-lSfi 9A0/&I 51*1*8111 89778; AT 5 -. — 63 (.1. 36    28    Mil 37 0.52 19   77.6 
i. 6-CR-127 9/10/iii 51*1*8111 895783 A25 — — 90 67 32    35    CH 56 O.Jll 53 — 57.5 

It 6.CB-159 9AO/61' 5M.8III 903820 A25 mm „ 71 ■jh 26   28   CH 110 0.58 61. __ 26.5 
n 6-CR-130 9/10/61. 51.1.8111 901*830 A25   — 0 mm —    NF    SF 300* _. tf   20.0 

It f.-CH-131 9/10/61. 5I.I.8IV 908835 A.1. .. mm 36 ho 19    21    SC 11*2 0.59 84 __ 24.4 
nm e-CK-iy 9/10/61. 51.1.81V 882951. A.-i.     1*1. M 30    13    SM 203+ 0.96 195   23.5 
13 6-CR-133 10/10/61. 51.1.81V 866877 m " -" 23 —    IIP    SM 116 — 13.4 

It 6-CR-137 10/10/61. 51*1*817 900857 A2l* — — 1*6 1*9 28    21    SM 127 0.1*9 62 __ 30.3 
ran fl-CR-13y 10/10/61. 5l*l*8lV 911931 A2l|   -- 22 » 19    11.    SC 185+ 0.1.5 8jt -. 21.6 
nm t-CR-lltO 10/10/61. 51.1.8 IV 8901'3 m   -- 18 27 19    6   sc 153 .. .. 12.6 
i:r. 6-CR-llll 10/10/6J. 5I.I18IV 89596. fc'i.   -- 1*9 22 17      5    EH-SC 71* 0.1*6 3'. _. 19.1 

1 6-CR-llt3 llAo/61. 5W18IV 801*875 «2I1 " — 68 60 1.6    34    Oil 29 0.1*9 14 — 99.8 

t 6-CR-lltlt 11/10/61. 51.I.8IV 811869 A.-'l. ._ __ 71 1*9 27    22    CL 82 0.73 $0 mm 44.1 
It 6-CR-llt5 llAo/61. 5I1I.8IV 612917 ASlt -. -- 75 26 17      9    CL 50 0.61. 32 mm 45.5 

nm 6-CR-llt6 11/10/61. 5'*1*8IV 757002 A2l   -. 59 38 23    15    CL 290. 0.1*6 133' .. 22.7 
9 6-CR-l't7 llAo/e. 5l*l.8lV 757993 A2I, -- — 1*7 23 —    NP    SM 170* 0.60 102i mm 17.5 
9 6-CR-lltH llAo/61. 51.1*8 rv 752981 API. — — 50 1*6 35    11    ML 300. 0.97 291* — 26.2 

13 6-CR-llt9 u/Lo/a 5l*l*8IV 773971* A,l. — — 53 63 1*7    16    ML 816 x.."9 279 _. 41.5 
9 6-CR-150 nAo/rt SWtSlV 786958 A2I.   — 56 56 1.3    13    Mil lO'i __ 34.6 

run 6-CR-151 12/10/61. 51*I*81V 790998 ATI.   .- 59 60 29    31    CH 213 mm -. _. 42.8 
nm 6-CH-liP 12 Ao/» 5lll*8lV 788991 A2I. mm ■. hi, 1*1 26    15    SM 15? 1.23 196   22.5 
nm 6-CR-15'i 12^0/61. 5l*l*8lV 783981* A2I. — " a 57 Wi    13   Mil 91. 1.52 1''3 — 52.8 

11 6-CR-1
,
J7 13AO/61' 5l*li8lv 79191*8 Al'll .. .. 66 01 1*6    15    MH 150 0.82 123 mm 1.6.4 

9 6.CR-1^8 13AO/61» 5l*lt8lV 7BI.968 A?l.   mm 56 57 1*1*    13    MH 130 0.1*6 60 mm   
run 6-CB-159 13Ao/61t 51*1*8 IV 807970 —   .- 58 36 20    16    CL 2;>9. 0.59 135' mm 19.0 
ran 6-CB-160 isAo/ei. 5l*1.8iv 811969 —   — 1.6 37 21    16    SC 133 1.1'. 152 .. 24.6 
iun f)-CR-165 ll.Ao/61. 5Ut8lV 755009 mk " ~" 1.0 31* 20    11.    CL I87 0.64 120 -- 17.4 

(Continued) 

All soil Etrenßth measurements except sheargrapli measurements were made at a 15- to 30.5-cm depth, Sheariiraph meusuranente were made at 
the surface. 
nm, not mapped. 
Series LTOö, scale 1150,000. 
BF, bottomland flat; BD, bottcmland depression; LS, lower slope; MS, middle slope; NL, natural levee; T,  terrace; TS, terrace slope; 

SB, stream bottom; UD, upland depression; UF, upland flat; US, upper slope, 
'illt, , shear strength at zero normal load. 
O»« , ultimate angle of internal friction. 
tr, too firm. 
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Chiang Mai, Pran Uuri, Khon Kaon, and Chanthaburl. Kllteen Mppli« "laftrt (hat w 
pressed the different SJII mass strength and soil surface atreaffUi 
established. The criteria used in isolating these classes wer« (a) 
identifiable using air-photo 'nt-.f pr-tat.on technl |u-s tni  (b) tl«kt ««efi 
similar variations in strength with moisture content. Areas with equivalent traJTI- 
cability characteristics <n terms of the 10 map classes were delineated cr, Pi, surfare 
composition maps together covering the six study a-«as. TTils delineation «a« aceoa- 
plished through Interpretation of maps and air photos wlW con^-ol data In UM torn of 
field and laboratory information. The naps are presented In VOIMM VIII of Utls ra- 
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