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PREFACE

The technical studies staff of the Federal Housing Administration 
initiated the development of a soils engineering program with emphasis 
on obtaining uniformity in the procedures to be used by the Sanitary En­
gineering Section of FHA in evaluating, testing, and reporting, 
thought that ultimately a more comprehensive soils engineering program 
could be developed from this foundation to provide engineering data on 
the behavior of soils with respect to foundations, streets, and roads, and 
for other structural, mechanical, and site engineering purposes.

The Technical Studies Advisory Committee of the National Academy 
of Sciences recommended that FHA adopt the Unified Soil Classification 
System for this soils engineering program. It also recommended the 
development of guides to applicable physical characteristics of the fif­
teen soils groups in this system.

Accordingly, the Federal Housing Administration contracted with 
the Virginia Polytechnic Institute for preparation by the Institute of a 
report to amplify and adopt the basic concepts of the Unified Soil Class­
ification System with respect to general suitability of soils for residential 
building sites. This revised report was prepared by the Virginia Engineer­
ing Experiment Station of the Virginia Polytechnic Institute and constitutes 
Section I of this manual.

It was

Concurrently, the Federal Housing Administration contracted with 
the National Academy of Sciences, through its Building Research Advi­
sory Board for designation by the Board of a group of regional soil sci­
entists and engineers to guide the development of the original V. P. I. report.

To broaden the scope and usefulness of the manual, FHA entered in­
to an agreement with the Bureau of Public Roads, Division of Physical 
Research, for compilation by the Division of pertinent engineering test 
data prepared in its laboratory on representative agricultural soil series 
throughout the country, as sampled and correlated by the Soil Conserva­
tion service of the U.S. Department of Agriculture. Additional soil test 
data has been prepared in a cooperative program involving state highway 
departments, universities or colleges and the Bureau of Public Roads.I

These test data in tabular form and alphabetical order comprise Sec­
tion II of this manual. They provide a practical method of utilizing exist­
ing agricultural soil survey information. In addition, they provide a basis 
for interpreting agricultural soil classification series and types in terms 
of the Unified Soil Classification System and the American Association of 
Highway Officials classification system for practical engineering uses.

i

James R. Simpson, Elvin F. Henry, and Bernard T. Craun of the 
FHA Architectural Standards Division conceived the idea of this type of 
manual and supervised the selection and preparation of the material.
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ENGINEERING SOIL CLASSIFICATION FOR
RESIDENTIAL DEVELOPMENTS

PART I: INTRODUCTION

1. Uniform soil classification has its principal value as an aid to 
communication between engineers. The homebuilding industry is so 
widespread geographically that a common language is an important ob­
jective for anyone associated with the industry. As a step towards that 
objective, this report presents a brief review of the Unified Soil Class­
ification System with generalized guides for application to soils at resi­
dential building sites.■

!
2. The report has two purposes: First, it is intended that by use of 

the guides in the report the more troublesome soils at residential build­
ing sites will be better recognized; and, second, it is intended that the 
report will aid in establishing the Unified Soil Classification System as 
the uniform system of engineering soil classification to be used by the 
Federal Housing Administration in administering its real estate mort­
gage insurance programs.

Soils at the Site

3. If the soils at a residential building site are classified according 
to the Unified Soil Classification System, then they must be placed in 
one or more of the fifteen groups which comprise the system. At any 
one site many soil groups, both in the disturbed and in the undisturbed 
condition, may be found; or perhaps only two or three of the groups may 
be encountered. The range in engineering properties in any one soil 
group in the undisturbed state may be large or relatively small, depend­
ing on past geologic history and present density or consistency and mois­
ture content, and whethe’r or not these factors are constant throughout 
the site.

4. Undisturbed soils in different groups but with similar geologic 
history and hydrologic conditions often will have more engineering 
characteristics in common than two samples of the same group with 
different geologic history. In the disturbed state, soils in any one 
group may have widely varying characteristics but, in general, the 
characteristics resulting from controlled placing and compaction are 
reasonably consistent in any one group.

5. For example, fills occur that have been carefully designed and 
closely controlled during construction and, as a result, they have fairly 
well defined characteristics. These characteristics are consistent from 
point to point in any one fill and they are also consistent from one fill to

1



another in a different location, provided the same methods of construc­
tion were used on soils classified as coming from the same soil group. 
Fills also occur, made from essentially the same soil, that have been 
dumped into place without engineering supervision and, consequently, 
the properties are widely variable even though the soil grouping is known.

6. Residential areas, then, may be developed on soils that comprise 
the whole range of soil groups with variations in characteristics within 
any one soil group and with wider variations in characteristics between 
different soil groups.

7. Even though the soil groups at a building site may be identified 
according to the Unified Soil Classification System, the characteristics 
of any one group cannot be considered to have definite numerical values. 
The factors that influence strength, consolidation, expansion, and other 
engineering characteristics depend as much on in situ consistency or 
density and geologic factors as on texture and remolded plasticity qual­
ities; consequently, it is impossible to evaluate these features on the 
basis of identification alone. The soils in a given group, however, do 
have generally similar behavior characteristics, since behavior is one 
of the criteria for classification in the Unified System. This is especi­
ally true in controlled fills, where past geologic and hydrologic influ­
ences are greatly reduced in importance.

While classification of the soils according to the Unified Soil 
Classification System does notprovide sufficient information for de sign 
purposes, it will give the engineer an indication of the behavior of the 
soil when it is found at a residential site. This information may be suf­
ficient to serve as a broad outline for accepting a proposed soil used or 
for requiring investigations and evaluation by a competent engineer be­
fore acceptance. Classification in the Unified Soil Classification System 
with an adequate and complete soil description, including in-place condi­
tion description, enables an engineer to utilize his judgment and experi­
ence.

I
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8.

i

i Limitations of Applicability of

i Classification Systems

General:
; 9. The Unified Soil Classification System will not solve soil engineer­

ing problems, nor will any other classification system. Classification 
per se cannot possibly give anything more than a general idea of the 
terials that must be dealt with, and classification of the soils at a build­
ing site should be considered as the starting point for pertinent investi­
gations. These investigations may be no more extensive than the appli­
cation of engineering experience and judgment to the problem, or they 
may require field and laboratory tests and evaluations in addition to 
engineering experience and judgment. Stated another way, classification 
alone cannot be used to do design. In order that this may be clearly
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I

derstood, the following paragraphs mention a few situations and prob­
lems that occur at residential building sites and cannot be solved by 
identification alone.

10. The major limitations of the applicability of the Unified Soil 
Classification System are indicated by the basis of the system; tex­
ture, plasticity, and behavior in recompacted condition. The Unified 
System does not indicate the variation in a soil formation, although it 
permits the logging of variation produced by different soil layers or 
lenses.

11. In using the Unified System or any other system of classification 
it is not sufficient to identify a soil formation from the examination of 
a sample from one point in the soil mass, for a formation will vary in 
both a horizontal and a vertical direction and at times will be entirely 
different within a few feet either vertically or horizontally from the 
point examined. Usually the vertical variation is much more marked 
than the horizontal variation. Adjacent or nearby strata or lenses may 
so affect any related structure that the soil in intimate contact with the 
structure may possibly be of secondary importance.

12. While the Unified System requires description of the moisture 
condition of the soil and description of the soil at the particular mois­
ture condition at the time of examination, it is not intended to provide 
for the profound effects that changes in moisture may have on some 
soil groups. These changes may be the result of climatic conditions, 
of the existance of nearby vegetation, or of such man-made influences 
as drainage ditches or watering devices for lawns and plants; whatever 
the source of change in the hydrologic conditions, the results are about 
the same. In delineating a soil group the Unified System does not take 
into account the wide range of densities or consistencies that may exist 
in situ. An adequate description, as required by the Unified System, 
includes adjectives describing density or consistency along with the 
group symbol.

13. In many regions the possibility of landslides is a major concern. 
Among many factors related to slides are surface topography, ground 
water, water pressure, and the physical properties of the soils that 
make up the soil profile. The Unified System can be used to describe 
the complexities of a given soil profile, but the System by itself cannot 
be used to predict possible landslides.

The major limitations of the applicability of the Unified Soil Classifi­
cation System are, then, those that are imposed by variations in soil 
formations, by hydrologic changes, by conditions not included in a 
given soil description, and by the complex factors related to such mass 
phenomena as landslides. Among other items which are of importance 
in some cases and may, therefore, be considered to be related to limi­
tations of the applicability of the System are such factors as mineral 
composition of grains, grain shape, type of exchangeable ions, and 
secondary structure. These factors are not considered when a soil is 
identified as belonging to a particular group in the Unified Soil Classi-

14.;
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i
fication System, but they should be included in the word description 
when it is expected that they will influence a planned soil use.■

j
!
: Limitations for 

residential building sites

15. The general limitations listed in paragraph 9 apply to residential 
building sites. Since loads are relatively low in residential develop­
ments, hydrologic change effects probably are of greater immediate con­
cern than variations in soil deposits and in density or consistency; but 
each case must be examined on its own merits. For sewage disposal 
fields, variations in soil formations are of considerable importance. In 
regions susceptible to landslides, the limitations imposed by related fac­
tors are probably of paramount importance.
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PART II: SOIL CLASSIFICATION SYSTEM

16. The soil classification system adopted by the Federal Housing Ad­
ministration and presented in this report is the Unified Soil Classification 
System. This classification system is described and explained in Water­
ways Experiment Station technical memorandum 3 - 357, The Unified Soil 
Classification System, with two appendices. These appendices give the 
classification of the soils in groups which compose the system according 
to their engineering behavior for various types of construction of interest 
to the Corps of Engineers, such as embankments and foundations for roads 
and airfields.

17. When the system was published in March 1953, the Bureau of Rec­
lamation published a parallel document, the Unified Soil Classification 
System, A Supplement to the Earth Manual, with a table showing relative 
desirability of the groups for various uses of interest to the Bureau of 
Reclamation in the construction of earth dams and embankments, canals, 
foundations, and roadways. In both publications the Unified System is ap­
plied primarily to conditions in which the soils are used as construction 
materials.

Basis of the Unified Soil Classification System

18. The Unified Soil Classification System is based on the identification 
of soils according to the textural and plasticity qualities of their ingredi­
ents and on the grouping of soils with respect to their behavior in a re­
molded or reworked condition. It is not intended to delineate precisely a 
soil for a specific purpose, for this is the function of the soils engineer 
who evaluates a particular soil for a particular purpose in terms of its 
past history as well as the present conditions and anticipated future con­
ditions imposed by the construction and operation of a structure or system 
of structures. This, however, does not prevent the classification of the 
soils in these groups according to their general engineering behavior for 
various uses.

!

19. While this system of classification is based on qualities of the soil 
ingredients and on behavior in the remolded condition, this does not mean 
that the Unified System cannot be used for undisturbed soils. See part IY 
for a discussion of undisturbed soils. Disturbed soils are discussed in 
part III.

Field and Laboratory Identification

20. The publications noted in paragraphs 16 and 17 contain the neces­
sary information for properly classifying soils into soil groups. Selec­
tions from the Waterways Experiment Station document are included as ap­
pendix A for convenient reference. Only portions concerning general 
identification with appropriate tables and charts are included; for lab­
oratory identification, the reader is referred to the original publication.j

i 5
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i
; 21. When the identification determinants for a soil have been ascer­

tained with satisfactory accuracy by either field or laboratory examina­
tion the soil is assigned a letter symbol from the fifteen available groups 
in the USCS. This symbol accompanies the word description for the soil, 
the previously mentioned publications of the Waterways Experiment Sta­
tion and the Bureau of Reclamation define the Unified System, but other 
publications report suggestions and techniques which aid in processing 
the identification determinants for classification purposes. One of these 
aids is the Unified Soil Classification triangle, a partially graphic means 
of classifying soils in this system. This triangle simplifies the purely 
mechanical steps necessary for selecting the proper group symbol. It 
may be particularly convenient for use in laboratory classification pro­
cedures. Appendix B contains the triangle and portions of the paper 
from ASTM Special Technical Publication No. 254 which reported the 
development and use of this device.

i

'<;
:

;
3i

i:
1

; Review of Soil Groups
:

22. The Unified Soil Classification System places soils in fifteen groups 
which are represented by letter symbols. The coarse-grained soils (over 
50 percent coarser than No. 200 sieve size) are first given the symbol G 
(gravel) or S (sand), depending on which predominates. If more than 50 
percent of the part that is coarser than the No. 200 sieve size is larger 
than the No. 4 sieve size, it is given the symbol G; and if more than 50 
percent is smaller than the No. 4 sieve size it is given the symbol S.
This is followed by a second letter that denotes the gradation or the a - 
mount and kind of fines present: W, well graded with little or no fines;
P, poorly graded with little or no fines; M, appreciable amount of silty 
fines; and C, appreciable amount of clayey fines.

23. The fine-grained soils (over 50 percent smaller than the No. 200 
sieve size) are divided into groups based on whether they have a rela­
tively low (L) or high (H) liquid limit. These two groups are subdivided 
into M, meaning predominantly inorganic silty materials and very fine 
sands with little to no plasticity and low dry strength; C, meaning pri­
marily inorganic clays with plasticity and toughness and medium to high 
dry strength; and O, meaning organic silts and clays with a plasticity 
range that corresponds with the silty inorganic materials.

Examples of these symbols as used in the Unified System are MH, 
CL, and OH. A separate symbol, Pt, is used for peat and other highly 
organic soils. In addition to these combinations of symbols, the system 
provides for dual groupings under certain conditions, 
symbols and the soils they represent are shown in table Al, appendix 
A, and in tables 2 and 3.

i
5
|

i:

24.iI
!
\ The different !!

i
;Word Description :;

’■

25. An adequate word description of a soil is an essential part of the 
Unified Soil Classification System, not an addition to the System. Soils

I

i
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may be distinguished from other soils in the same group by the use of 
descriptive words and phrases. Locally coined words and geological 
or pedological terms and phrases are often helpful in localized areas 
and may be given in addition to but not as a substitute for the required 
description.

26. The group symbols will indicate typical soils, but there are im­
portant characteristics of soils which are not fully designated by sym­
bols yet are easily ascertained by the investigator. This is particular­
ly important for soils that are being investigated for use in place as 
foundations for structures. Here the natural condition of the soil, such 
as its consistency or degree of compactness, its structure, and its mois­
ture content, are of equal importance to the classification of its constit­
uents .

Use categories

27. For residential site developments, the main purposes for which 
soils are investigated can be divided into three categories: (1) borrow 
materials for fills beneath foundations and for subgrades for roadways; 
(2) foundations for structures; and (3) residential sewage absorption 
systems.

28. The emphasis of various features to be described depends onwhich 
of the categories is involved. For such structures as streets and roads, 
and in the general grading of a construction site, significant quantities of 
soil may be excavated to reach a desired grade. In the interest of econo­
my, use should be made of this excavated material in the construction of 
fills. Such areas, therefore, often become sources of materials and the 
investigation must take into account the dual purpose. Descriptions of 
soils encountered in such explorations must contain the essential infor­
mation required, both for borrow material and for foundation soils.

29. Borrow materials. Soils that are potential sources of borrow ma­
terial must be described adequately in the log of the exploratory test pit 
or auger hole. Since these materials are destined to be disturbed by ex­
cavation, transportation, and compaction in a fill, their structure (ex­
cept as it relates to difficulty of excavation) is less important than the 
amounts and characteristics of the soil constituents. The recording of 
their natural moisture content is important. Very dry borrow materials 
require the addition of water for compaction control, and very wet soils 
containing appreciable fines may require expensive processing in order 
to be usable.

30. In many soils, excavation for borrow materials beneath the water 
table is difficult or requires special equipment and methods, and, con­
sequently, logging of the position of the water table is of considerable 
practical importance. If cementation of the grains is present, it should 
be noted in the log, for cementation can present excavation difficulties. 
Borrow pit holes are logged so as to indicate divisions between soils of 
different classification groups. Within the same soil group, however, 
significant changes in moisture, density, and other conditions are logged.

I
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31. Foundations for structures. When soils are explored as foundations 
for structures, their natural structure, compactness, and moisture con­
tent are of outstanding importance. The position of the ground water table 
is extremely important and should not be omitted from the log of the in­
vestigation. Logs of foundation explorations must emphasize the in-place 
condition of the soil in addition to describing its constituents.

32. The natural state of foundation soils is significant because ultimate 
bearing capacity, settlement, and swelling are subject to wide variations 
with conditions. Information that a clay is hard and dry, or soft and 
moist, is important. Differences in consistency from point to point in an 
area where a building is to be constructed should be shown so that these 
variations can be recognized in the design of the foundations.

:

3

33. Correct field classification, including a complete word descrip­
tion, is needed so that effects such as swelling and heave which are the 
result of changes in soil conditions can be anticipated. If a building is to 
be founded on fill on soft clay, the weight of the fill material may cause 
settlement of the fill under the action of the building loads and the load 
imposed by the fill. It is necessary, consequently, to investigate and 
describe the undisturbed soil at the site even though the structure will 
not be in immediate contact with the underlying formation.

;

;
34. Information concerning density and consistency (in both the .undis­

turbed and the disturbed states for clays) is of such importance in many 
phases of soils engineering as applied to residential site developments 
that adjectives describing them should always be used in descriptions. 
Several scales are available for rating density and consistency. Appen­
dix C, giving several examples of these scales, is included for conveni­
ent reference.

35. Residential sewage absorption systems. Soils that are potentially 
the absorption phase of a residential sewage system must be adequately 
described so that sustained absorption capacity of the soil for effluent 
can be predicted. Test pits or auger holes must penetrate to a depth 
sufficient for a reliable prediction of the absorption capacity of the area. 
The holes are logged so as to describe each soil group and to indicate the 
divisions between soils of different groups.

36. Permeable layers which are desirable for this use can be identified 
adequately by soil groups and supplemental descriptions. These layers 
must extend sufficiently either horizontally or vertically so that the quan­
tity of effluent can be absorbed and dissipated, and the water table at its 
highest level must be at such a level that the soil can handle the added 
liquids. The description of these soils must, therefore, contain infor­
mation on the extent of permeable layers, the position of these layers 
relative to the water table and to impermeable layers, and an estimate
of the changes in water table level with the seasons of the year. In soils 
with an appreciable amount of binder, a description of the secondary 
structure is important. Soil color, particularly if mottled, should be 
described.

;
!
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37. Certain pedologic terms relating to structure are included in 
appendix D, a short glossary of terms relating to soil mechanics. The 
use of pedologic terminology is helpful in describing the structure of 
soils that are potentially the absorption phase of residential sewage sys­
tems, for it is of considerable aid in interpreting percolation test data.

Tabulation of Descriptive Data

38. Table 1 lists data that are needed to describe soils for borrow 
materials, for foundations, and for residential sewage absorption sys­
tems. All of these descriptive data are not always needed. Judgment 
should be used to include pertinent information, to avoid negative infor­
mation, and to eliminate repetition. The items that are indicated by R 
should always be reported, while those that are marked as D are usually 
desirable. Examples of soil descriptions are given in the classification 
chart, table Al, appendix A.
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Table 1

DESCRIPTION OF SOILS

Coarse­
grained
Soils1

Fine­
grained
Soils1

Items of Descriptive Data

(2) (3)(D
Typical name (examples are shown in classification chart, table A1, 
appendix A) R R

DApproximate percentage of gravel and sand

Maximum size of particles (especially for soils containing cobble 
and boulder sizes) RR

Shape of the coarse grains; angularity D

Surface condition of the coarse grains; coatings D

Hardness of the coarse grains; possible breakdown into smaller sizes D

Color (in moist condition for fine-grained soils) D R

Moisture conditions (dry, moist, wet, saturated) R R

Drainage conditions (combined effect of runoff, soil permeability, 
and internal soil drainage) R R

Position relative to water table^ R R

Percolation test results^ (if site is in non-sewer area) R R

DOrganic content D

Plasticity (of fine fraction in coarse-grained soils; degree and 
character for fine-grained soils) D R

Amount and maximum size of coarse grains (for fine-grained soils only) D

Structure and stratification (give dip and strike; root holes; slicken- 
sides; angular blocky; etc.) R R

Cementation; type R R

Degree of compactness; loose or dense (excepting clays) R R

Consistency in undisturbed and remolded states (cohesive only) R

Local or geologic name D D

Group symbol R R

In columns 2 and 3* R = Required information; and D = Desired information (not 
always required)
When the water table position is not determined by exploration because It exists 
below the elevation of the bottom of the test pit or auger hole this should be 
so stated. If the position of the water table is not determined because of the 
existence of impervious soils this should be stated. If the water table is 
known to exist at some general elevation in the area that is below the depth 
of exploration then this information may be given but must be clearly shown as 
only an estimate.
The results of percolation tests are not intended as a part of the description 
of a soil for routine classification in the Unified Soil Classification System. 
However, in a residential area without sewers these tests are nearly always 
necessary and a soil description without this information would be incomplete. 11

Notes 1.

2.

3.
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PART III: CHARACTERISTICS AND PROPERTIES OF 
DISTURBED SOILS

39. As was stated in the introduction, when soil groups at a building 
site have been identified according to the Unified Soil Classification Sys - 
tem the characteristics of any one group cannot be considered to have 
definite values. Certain properties, if only poorly suited soils are a- 
vailable, may be improved by proper construction methods.

40. In constructing a road or a low fill as a foundation for a house 
slab, good percolation (internal drainage) characteristics are desirable; 
but, if such materials are not available locally, adequate drainage may 
be designed and installed if necessary, although the cost may be exces­
sive. If soil strength is low, this may be compensated for by proper de­
sign of a fill or of the structure on the fill. If chemicals in a soil will 
cause certain kinds of underground conduits to deteriorate rapidly, it is 
possible to use some other resistant type of conduit.

41. From these examples and from the admitted variations in proper­
ties within any one soil group it is evident that the proper design of any 
portion of a residential building development may require evaluation of 
soil properties and soil uses in more detail than is possible by reference 
to a general soils classification system. However, the grouping of soils 
in the Unified Soil Classification System is such that a general indication 
of their behavior in residential site development problems may be ob­
tained. This is especially true when it is applied to controlled fills, 
where the effects of past geologic and hydrologic influences are usually 
greatly reduced. It is on this basis that the behavior characteristics of 
soils are presented in the following paragraphs and in the classification 
table. When all the significant variables affecting engineering proper­
ties are identified and understood, it will then be possible to predict and 
control the engineering behavior of soils with more confidence and 
greater accuracy.

42. Controlled compaction is commonly used to vary such conditions 
as degree of saturation, water content, and density, each of which af­
fects the engineering characteristics of a soil. When the fundamental 
properties of clay and other fine particles are altered by ion exchange, 
another type of change has taken place. Ion exchange with its accom­
panying effect on engineering characteristics is seldom attempted in 
residential site developments. Chemical stabilization of large masses 
of soil has about the same present status. In this report ion exchange 
and chemical stabilization of large masses are not considered. They 
are, nevertheless, important possibilities and should be kept in mind 
for the future.

13



General Engineering Characteristics of Soil 
Components

:

Gravel and sand

43. Both of the coarse-grained components of soil (gravel and sand) 
have many similar engineering properties when disturbed, differing 
mainly in degree. Well-graded, compact gravels or sands are stable 
materials. The coarse-grained soils when devoid of fines are pervious, 
easy to compact, little affected by hydrologic conditions, and not sub-

Although grain shape and gradation as well as sizeject to frost action, 
affect these properties, for the same amount of fines gravels are gen­
erally more pervious, more stable, and less affected by water or frost 
than are sands.

■;

44. As a sand becomes finer and more uniform, it approaches the 
characteristics of silt with a corresponding decrease in permeability 
and reduction in stability in the presence of excess water. Fine sands 
are more subject to bulking (increase in volume due to manipulation) than 
gravels.

i
Silt and clay

45. Even small amounts of fines may have important effects on en­
gineering properties of the soils in which they are found. As little as 
2 to 5 percent of particles smaller than the No. 200 sieve size in sand 
and gravel may make the soil virtually impervious, especially when the 
coarse grains are well graded. Less than 10 percent of fines in well- 
graded sands and gravels may result in serious frost heaving. Small 
quantities of clay added to coarse-grained materials act as a binder 
and improve the gravels and sands for use as a surfacing material for 
roads.

46. Silt. Silts are soils in which nonplastic fines predominate. They 
may be unstable in the presence of water and have a tendency to become 
"quick" when saturated in a loose condition. Silts are fairly impervious, 
difficult to compact, and are highly susceptible to frost heaving. Some 
silts or clays, such as loess, have very low density with a slight cemen­
tation holding the soil grains apart which is destroyed when the soil is 
saturated or compacted. A loess that has been modified by temporary 
immersion, erosion, and subsequent deposition may support substan­
tial loads satisfactorily. Silts, when compacted and saturated, usually 
have some compressibility, and the higher the liquid limit of a silt the 
more compressible it is likely to be.

Clay. Clays are soils in which plastic fines predominate. They 
have low resistance to deformation when wet, and when dry they fo 
hard cohesive masses. Clays are generally impervious, difficult to 
compact when excessively wet, and impossible to drain by ordinary 
means.

i

\

47.
rm
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48. Permeability and drainage characteristics are modified by macro - 
structure in some clay formations. Macrostructure is usually of little 
importance in a clay that has been compacted in a fill.

49. Large expansion and contraction with changes in hydrologic condi­
tions are characteristics of many clays. The small size, flat shape, and 
mineral composition of clay particles combine to produce a material that 
is both compressible and plastic.

50. In the Unified Soil Classification System the liquid limit is used to 
distinguish between clays of high compressibility (symbol H) and those 
of low compressibility (symbol L). Differences in plasticity of clays are 
reflected by their plasticity indexes. At the same liquid limit, the higher 
the plasticity index the more cohesive is the clay. Soft clays often exert 
high lateral pressures.

Organic matter

51. Organic matter in the form of partly decomposed vegetation is the 
primary constituent of peaty soils. Varying amounts of finely divided 
vegetable matter, or organic carbons resulting from decomposition are 
found in plastic and nonplastic sediments and have major effects on their 
properties. This results in organic silts and silt-clays of low plasticity, 
and organic clays of medium to high plasticity.

52. It is most important that organic matter be recognized in classifi­
cation. Organic soils are usually dark brown or black in color and often 
have a noticeable odor. If a soil is suspected of being organic in nature 
and has no odor, heat applied to a small sample with a match will often 
bring out the odor. Soil samples suspected of being organic but not def­
initely determined as such in the field should be sent to a soils laboraory 
for further investigation.

53. High compressibility is the major problem where organic soils are 
encountered. Fibrous soils like peat cannot be compacted by any feasible 
means and are not usually utilized as foundation material. Fills are fre­
quently placed over compressible, soft organic layers, and the combined 
weight of the fill material and the building may result in serious settle­
ment. Structures on organic soils or on fills over organic soils must be 
designed with these unfavorable characteristics very clearly in mind.i

Disturbed Soils at Residential Building Sites

54. General characteristics of the soil groups of the Unified Soil Class­
ification System pertinent to disturbed soils at a residential building site 
are presented in table 2. Based on these characteristics and on experi­
ence, table 2 also compares the soil groups in desirability for various 
pertinent uses. The numeral "l" is used for the group or groups usually 
considered most desirable; higher numbers indicate desirability decreas­
ing with the magnitude of the numbers. The symbols "NS" indicate that a 
soil group is not generally suitable for the use shown or that, in the rating 
of characteristics, its quality is so poor that no relative rating is assigned.

15



55. In the columns stating the relative ratings of the soil groups with 
reference to unfavorable characteristics, such as compressibility and 
potential frost action, it should be kept in mind that the groups w ic 
show little evidence of these unfavorable characteristics are given e 
lower numerical ratings; on the other hand, where groups are 
pared with reference to favorable characteristics, such as worka 1 lty 
and shearing strength, the groups which show greater evidence of these 
features are given the lower numerical ratings. It should be clearly 
recognized that the numerical ratings given in the table are approxi­
mate and are intended only as a guide to aid the investigator in com­
paring soils for various purposes. Numerical comparisons apply 
only within a single vertical column.

com-

i

56. It should be noted that with advantageous conditions and proper 
design almost any soil could be used for almost any purpose, especi­
ally for road construction and for fills for structures. An exception 
is in the case of a soil that is potentially the absorption phase of do­
mestic sewage systems; here, it is difficult if not impossible to make 
an unsuitable soil adequate for this purpose through design. It is im­
possible to cover all possible considerations in the brief description 
of pertinent soil characteristics and uses contained in this report.

57. The various features presented in the table are discussed in the 
following paragraphs.

System nomenclature

58. Major divisions, group symbols, and typical names shown in the 
first four columns follow those assigned in the original publications de­
fining the system. They are repeated in table 2 for convenience.

Workability and 
compaction characteristics

59. Workability as a construction material.--------------------------------------------------------------Workability of a soil is
defined as a measure of the ease with which a soil is handled and tra­
versed by ordinary construction equipment. There are many conditions 
that affect the workability of a soil as a construction material. Among 
these conditions are water content, structure, consistency, cementa­
tion and sensitivity of the soil, and such other factors as the equipment 
used and the position of the water table.

60. Generally the coarse-grained soils easy to handle and equip­
ment can traverse these soils with little difficulty. An exception to this 
is any fine, dry, uncemented sand, which may have undesirable traffic- 
ability characteristics.

are

61. The fine-grained soils, especially at high water contents, may 
prove difficult to traverse, for example, in excavation operations. The 
fine-grained soils may have good handling characteristics and traffic- 
ability at low water contents if their liquid limits are low (ML, CL and 
OL). Fat clays (CH) may prove to be stiff or even hard at low water

16

i



The soil groups are compared for desirable workability char-contents .
acteristics in column 5, the more desirable ratings being the lower num­
bers!.

62. Compaction characteristics. Some soils compact best with a crawl­
er type tractor, some with a rubber-tired roller, some with a sheepsfoot 
rolldr, and some with a heavy vibrating roller. In some backfills, space 
may be so limited that smaller types of compaction equipment must be 
used. The selection of the proper equipment for compaction is not dis­
cussed, nor is the equipment rated. The ratings given in column 6 dif­
ferentiate the soil groups with reference to the ease with which proper 
compaction can be obtained, with the assumption of reasonably suitable 
compaction equipment being used and with proper control of moisture 
being exercised.

63. Granular soils with little or no fines generally are easily compacted, 
with the well-graded soils, GW and SW, usually furnishing higher densi­
ties than the poorly-graded soils, GP and SP. Coarse-grained soils with 
fines of low plasticity are easily compacted with proper equipment; how­
ever, the range of moisture contents for effective compaction may be nar­
row, and close moisture control maybe desirable for economic field opera­
tions. This is also generally true of the silty soils intheML group. Grav­
els and sands with plastic fines, groups GC and SC, are fairly easy to 
pact, although this quality may vary somewhat with the character and 
amount of fines.

com-

64. The compaction characteristics of fine-grained soils are variable. 
Lean clays and sandy clays (CL) are usually the better of the fine-grained 
soils. Fat clays and lean organic clays or silts (OL and CH) are usually 
fair to poor, and organic or micaceous soils (MH and OH) are usually poor.

65. The compaction characteristics of the highly organic soils, Pt, are 
such that compaction of these soils is not feasible.

66. In column 6, the lower numbers indicate the more desirable soils 
with compaction characteristics being the basis of comparison.

67. Unit dry weight. In column 7 of table 2 are shown ranges of unit 
dry weight of the soil groups for the standard AASHO* (Proctor, 3 layers 
-25 blows each layer - 5. 5 lb hammer - 12 in. drop) compactive effort 
and for the Modified AASHO^ (5 layers - 25 blows each layer - 10 lb 
hammer - 18 in. drop) compactive effort. It is emphasized that these 
values are for guidance only and that design or construction control 
should be based on laboratory test results.

Shearing strength when 
compacted and saturated

68. Shearing strength is not an intrinsic property of a given soil, but 
varies over a considerable range with varying conditions, such as den-

1 ASTM Designation D 698-42 T
2 ASTM Designation D 1557-58 T
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sity, moisture content, and degree of consolidation. In controlled fills, 
constructed from specific soil groups, such conditions as density and 
moisture content are fairlv uniform. The shear strengths of some groups 
vary with the magnitude of the confining pressures and in other groups 

nearly independent of confining pressures in most design situations. 
Other groups fall somewhere between these two extremes; at low con­
fining pressures the shear strength is little affected and at higher con­
fining pressures the effect of the pressures on shear strength become 
more pronounced.

69. Shearing strength is important in such problems as stability of 
slopes and in arriving at a value for the ultimate bearing capacity of 
soils for foundation purposes. The coarse-grained soils (G and S) 
have sufficient shearing strength for most purposes except in the case 
of excessive neutral stresses (water pressure). The fine-grained soils 
(M and C) when moist usually have less shearing strength than coarse­
grained soils. In column 8, shearing strengths are rated so that the 
groups with higher shearing strengths have the lower numbers, 
nature of shearing strength does not permit a numerical evaluation of 
the range for each soil group.

Compressibility when 
compacted and saturated

are

:
1

The

70. Compressibility of a soil pertains to its susceptibility to decrease 
in volume when subjected to load. Volume decrease of a soil may be of 
two types. The first is the relatively long-term (for fine-grained soils) 
compression or consolidation under dead load such as the weight of a 
structure or the weight of the fill itself. The second is the short-term 
deformation and subsequent rebound which occurs under moving wheel 
loads when fill material is used under a roadway. Usually the long-term 
consolidation is not a problem within a properly designed and constructed 
fill; a compressible soil under a heavy fill is another matter. Even in the 
case of layers of compressible soil beneath a fill, if adequate provision 
is made for settlement of the fill during construction it will usually have 
little influence on the load-carrying capacity of the surface layers of the 
fill.

71. Some soils are elastic and will deflect under moving loads. This, 
of course, is seldom a problem under structures such as residences but 
may be a problem in road maintenance, 
ing, coarse-grained soils (GW, GP, SW, and SP), which in general make 
the best subbase and base materials, exhibit almost no tendency toward 
high compressibility or elasticity. In general, compressibility of fine­
grained soils increases with increasing liquid limit, especially in dis­
turbed soils.

Column 9 in table 2 shows the relative compressibility of 
pacted and saturated soils with lower numbers indicating soils of lesser 
compressibility. Soils rated 1 and 2 have negligible compressibility; 5 
indicates a soil of medium compressibility; and 7 indicates a soil of high 
compressibility.

It is fortunate that the free-drain-
4

5

72. com-
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Expansion
potential when compacted

7 3. Expansion potential is related to shrinkage potential. Volume 
changes associated with swelling and shrinkage are likely to cause con­
siderable distress to structures, especially to the walls and foundations 
of houses, and to roads in areas where large moisture variations occur 
in soils. Several factors influence the expansion potential of soils. The 
most important of these is moisture variation. Other important factors a 
are density, structure, and mineralogic composition. For example, 
some clay minerals are known to be more active than others.

74. Most investigations of swelling soils have been made on compacted 
samples at various initial water contents and as moisture was absorbed 
either the expansion or the developed pressure was measured. These in­
vestigations, as reported, are not conveniently related to the USCS ex­
cept in a general way. 1

7 5. Swelling pressures can be very large. Values for some expansive 
clays are over 10 tons per sq. ft. Controlled placement of fill will re­
duce the expansion potential. For the least expansion, fills of expansive 
clays should be placed in a wet condition and compacted lightly. However, 
a suitable balance should be maintained between design of a fill for mini­
mum expansion potential and design for permissible settlement and for 
adequate strength.

7 6. If moisture conditions in a fill could be kept constant, no trouble 
from this source should be expected. Since this is impossible, some 
volume change is probable if a soil is susceptible to volume change 
with changing moisture content. The coarse-grained soils are usually 
least affected by changes in moisture content. The clays are usually 
most susceptible, and silts may be susceptible. Since a moisture con­
tent change is necessary for expansion to take place, soils with high 
liquid limits and high moisture content may have reduced activity be­
cause of reduced permeability.

77. In column 10, expansion potential for compacted soils is rated by 
three numbers only. Soils with little or no expansion potential are rated 
as 1; soils that may be susceptible to a moderate degree are rated as 2; 
and soils which should be suspected of possible volume change are rated 
as 3. It is expected that in the future it will be possible to differentiate 
more closely between different groups, and then additional numbers can 
be added to indicate the degree of differentiation.

1 The FHA Soil PVC Meter TS 5:6 is a convenient device 
for determining the potential volume change (PVC) of a 
soil.
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Permeability and percolation 
characteristics when compacted :

:
78. The percolation (internal drainage) characteristics of soils 

direct reflection of their permeability. The presence of excess mois­
ture in fill material, except for free-draining, coarse-grained soils, 
may cause loss of strength. The moisture may come from the infil­
tration of rain water or as a result of capillary rise from an underly­
ing water table, or the moisture used in compaction may cause excess 
water pressures under certain conditions. While free-draining mate­
rials permit rapid draining of water, they permit rapid ingress of water 
also, and if such materials are adjacent to less pervious materials and 
have free access to water they may serve as reservoirs to saturate the 
less pervious materials.

79. It is obvious, therefore, that in certain circumstances adequate 
drainage systems should be provided. In situations where high permea­
bility is desired, the gravelly and sandy soils with little or no fines 
(groups GW, GP, SW, and SP) have excellent percolation characteristics. 
The GM and SM groups have fair to poor percolation characteristics, 
whereas GC and SC groups may be practically impervious. Soils of the 
ML, MH, and Pt groups have medium to low permeability. All of the 
other groups have medium to low permeability or are practically imper­
vious. Drainage systems become increasingly important for the less 
pervious soils.
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80. The ranges or lower limits of the coefficient of permeability for 
the soil groups are given in column 11, in addition to a word description 
of the permeability rating. The permeability of a soil depends on several 
factors, including the size and shape of the soil grains, grain orientation, 
soil structure, degree of compaction, and the viscosity of the fluid. In 
compacted fills, natural grain orientation and soil structure are presum­
ably destroyed, but the layers of soil which make up the fill are likely to 
give a different permeability in the horizontal direction than that which 
might be measured in the vertical direction. The permeability in the 
direction parallel to the layers is usually larger than that in the direction 
perpendicular to the bedding.

Percolation characteristics and coefficients of permeability have 
general applications to all phases of construction at a residential building 
site, but perhaps the most direct use is in selecting soils for the absorp­
tion phase in a domestic sewage disposal system. These characteristics 
are the paramount ones to be considered for this

Potential frost action

*
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82. Frost action includes the heave caused by ice lenses forming in a 
soil and the subsequent loss of strength as a result of excess moisture 
during thawing periods. Some soils are more susceptible to frost 
tion than others.
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83.
for frost action to become a major consideration, 
of water during the freezing period and a suitable temperature gradient 
which exists long enough for freezing temperatures to penetrate the 
ground. Water necessary for the formation of ice lenses may become 
available from a high ground-water table, capillary supply, water held 
within the voids of the soil, or through infiltration.

The degree of ice formation that will occur in any given case is 
markedly influenced by environmental factors such as surrounding top­
ography, elevation, cyclic repetition of the freezing process, available 
supply of water, and drainage conditions. Temperature variations in­
duced by various insulators and sources of heat may reduce frost ac­
tion in a given case.

In addition to a susceptible soil, two other conditions must exist
These are a source

84.

85. In general, the silts and fine silty sands are the worst offenders 
as far as frost is concerned. Coarse-grained materials with little or 
no fines are affected only slightly if at all. Clays (CL and CH) are sub­
ject to frost action, but the loss of strength of such materials may not 
be as great as for silty soils. Inorganic soils containing less than three 
percent of grains finer than 0. 02 mm. in diameter by weight are general­
ly nonfrost-susceptible. Fines with low plasticity indexes are usually 
more susceptible than those with high indexes.

86. If conditions are expected that would make frost action possible, 
the most desirable procedure is to remove any susceptible soil and re­
place it, to the depth of frost penetration, by a soil which is not suscept­
ible .
be based on the reduced strengths and on the heave that must be expected. 
For residential buildings, susceptibility of the soil to frost action may 
indicate that a house with a basement is preferable to one constructed on 
a slab foundation; foundations that are below the frost line should not 
heave in any soil except under unusual conditions. In many cases, prop­
er drainage methods to prevent the accumulation of water in the soil 
pores will greatly reduce frost action potential.

If this is uneconomical the design of any associated structure should

87. Column 12 rates the soil groups according to potential frost ac­
tion. If the potential is non-existent or very slight the rating is 1; if 
it is very high the rating is 5.

Corrosion potential

88. Some soils tend to cause corrosion in underground conduits or 
pipes placed in them. The corrosion potential depends on chemicals 
in the soil, usually dissolved in the soil moisture, and on the material 
from which the conduits are made. The presence of these chemicals 
cannot always be predicted, but experience has shown that it is influ­
enced by the composition of the grains, among other things. If the 
grains of a soil are composed of organic material, then organic acids 
in the soil water should be expected. Other chemicals that are unde­
sirable because of corrosive abilities on some conduits are dissolved 
sulfate and chloride salts.
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89. Among the tests that are available for testing for corrosive chem- 
icals in soils are electrical resistivity tests and pH tests (aci i y or a - 
kalinity tests). Corrosion potential is usually associated with the plastic 
fines in a soil, with the organic soils having a higher potential than other 
plastic soils.

90. In column 13. soils that are ranked as 1 have a low potential and 
those ranked as 4 are considered to have high potential for corrosion of 
underground conduits.

Relative desirability 
of fills for roadways

91. Subbase or base materials. In columns 14 and 15 the soil groups 
are rated as to relative desirability as subbase and base materials, pro­
vided they are not subject to frost action. In areas where frost heaving 
is a problem, the value of materials as subbases will be reduced, de­
pending on the potential frost action of the material, and the relative de­
sirability changes to those shown in column 16. In each of these columns 
the smaller numbers indicate the more desirable soils.
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92. Usually non-frost susceptible soils are preferred for base courses 
in areas where frost heave is a problem. Proper design procedures 
should be used in such situations. The coarse-grained soils in general 
are the best subbase and base materials. Poorly-graded gravels and 
some silty gravels, group GP and some soils in the GM group, are usu­
ally only slightly less desirable as subbase materials, and under favor­
able conditions are usable as base materials;however, poor gradation 
and other factors sometimes reduce the value of such soils to such an 
extent that they offer only moderate strength and their value as a base 
material is less. The light loading expected on residential streets 
does not make this a serious defect.

93. The GC and SW groups are reasonably good subbase materials 
but are not as desirable as base materials as other groups. The SP 
and SM soils usually are considered good to adequate subbase materials 
and under favorable conditions may be used as base materials. The SC 
soils are fairly good subbase materials. With proper design, pavements 
may be constructed on any of the remaining soils, including SC, but they 
are much less desirable as base courses than are the groups mentioned 
above.

94. The fine-grained soils range from a fair relative desirability rat- 
mg to that of the least desirable; the highly organic soils, Ptj 
suitable for use in a fill. The lower qualities represented by the fine­
grained soils are compensated for in flexible pavement design by in­
creasing the thickness of overlying base material, and in rigid pavement 
design by increasing the pavement thickness or by the addition of a base 
course layer.

95. Wearing surface (untreated). For wearing surfaces on unsurfaced 
roads sand-clay-gravel mixtures (GC) are generally considered the most 
satisfactory. However, for best results they should not contain too

are not
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large a percentage of fines and the plasticity index should be in the range 
of 5 to about 10. Other soil groups are rated in column 17 in order of 
decreasing desirability for this use.

Surface stabiliza- 
tion with additives

■

96. The stabilization of surface soils, as in low-cost road construction 
or underneath a foundation slab, makes the effect of mechanical stabiliza­
tion through compaction more lasting. Untreated fills may abrade more 
or less rapidly under traffic or soften and disintegrate as a result of wet­
ting and drying or freezing and thawing. Stabilization by additives usually 
adds materially to the strength of the treated layers. Some additives, such 
as Portland cement, lime, and bitumen, are often economically feasible, 
while others, such as resins and gels, are at present usually expensive. 
However, with technological improvements these additives may become 
more useful under ordinary conditions. In general, soils that are pre­
dominantly coarse-grained show very marked hardening under proper 
chemical treatments; silty soils show marked hardening; clayey soils 
show substantial hardening; and peaty, highly organic clays and fat clays 
cannot be economically treated.

97. Difficulties of mixing additives in the soil become more pronounced 
with the more clayey soils. The relative effectiveness of stabilization with 
additives of the surface of fills is rated in column 18 with the soil groups 
most effectively stabilized given the rating of 1. It should be noted that 
ratings are based almost entirely on stabilization with Portland cement.

:
!

i
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Fill as
foundations for low buildings

98. Suitability of properly compacted soils for foundations of low build­
ings (up to and including three stories are considered as low buildings) is 
primarily dependent on the strength and consolidation characteristics of 
the fill material, but the effects of the characteristics of the subsoil on 
which the fill is placed may control.

99. The ability of the subsoil to satisfactorily carry the load imposed 
by the building and the fill should be given due consideration. For the 
average residence it will be found that roughly each 2 ft. of fill depth 
beneath the house weighs as much as the house itself. For deep fills, 
it will be found that the weight of the residence is only a small percent­
age of the total weight on the subsoil and foundation rock. Landslides 
involving the fill, the subsoil, and the foundation rock are often associ­
ated with deep fills. The effects of the subsoil on fill behavior and the 
possibilities of landslides associated with fills are beyond the scope of 
this report. See paragraph 163.

100. Usually properly compacted fills will have sufficient strength to 
support the relatively light loads from low buildings. Even though a fill 
may be properly compacted and have sufficient strength for its purpose, 
there may be some subsidence as a result of consolidation. For most

23



soil groups subsidence as a result of consolidation is usually of a toler­
able magnitude; however, organic soils, OL and OH, may have arge set­
tlements as a result of consolidation even though they were compacted in 
the filling operation and are usually unsuitable for use in fills.i

i
:

101. When disturbed soils of the CL», CH, and OH types are compacted 
in fills and used as foundations for low buildings, there is danger of 
pansion under unfavorable climatic conditions.
graphs 73 through 77 should be given careful consideration when these 
soils are used.

1
ex-

Discussions under para-i
I
i'
i 102. Some of the other soil groups have other peculiarities that should 

be considered when contemplating their use as fills to support low build­
ings. Uniformly graded soils of the SP and SM groups and some soils in 
the ML group, if below the water table, may become "quick" or liquify 
during construction operations if they are loose. Highly organic soils, 
Pt, are so difficult to compact that they are seldom, if ever, suitable 
for load supporting fills.

i

103. In column 19 the soil groups are rated according to relative de­
sirability as foundation materials with the most desirable soils being 
given the rating of 1. Each soil group is assigned a different number, 
but the difference between the desirability of the GW group (1) and the 
SC group (5) is small, whereas the difference in desirability increases 
rapidly for higher numerical ratings. These ratings cannot take into 
account the effects of subsoils and slope stability factors.

5
Relative desirability for 
water and sewerage purposes

104. Columns 20, 21, and 22 of table 2 carry ratings of the relative 
desirability of the soil groups for several uses of interest in sanitary 
engineering problems. The ratings given in column 19 for low buildings 
apply equally as well for sanitary engineering structures such as water 
and sewage treatment plants of the dimensions ordinarily found in 
idential site developments. In the case of exceptionally heavy loads, 
such as might occur under stand-pipes and water storage tanks, the 
ratings apply in a general way but the type of structure and the type of 
foundation have such a large influence that the soils in the groups 
not be successfully rated. Each case must be analyzed individually.

i res -;
;

can-
!
I

105. Low berm for sewage lagoons. Low berms (usually less than 
6 ft. in height) for sewage lagoons are usually constructed of more or 
less homogeneous materials found at the site.

■

For satisfactory func­
tioning of a sewage stabilization pond the evaporation and seepage losses 
must not exceed the total amount of incoming sewage; consequently, the 
embankment (as well as the bottom of the pond) should be relatively im­
pervious for economical construction. Almost any soil can be used if 
the embankment is made wide enough. Since a reasonable width is de­
sirable (a minimum crest width is oft<?n taken as that width which will 
permit the passage of a vehicle for convenient maintenance), 
ability and percolation characteristics as well as stability or strength are 
important in rating soil groups for this use. The natural soil underneath

i

i
;
!
i perme -

!
i
J
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a proposed embankment should be considered in planning and design, for 
seepage may occur through this region even though the berm is construc­
ted of relatively impervious materials. Natural, undisturbed soils as re­
lated to sewage lagoons are discussed in part IV.

106. Again, the important factors in rating soil groups for use in a 
berm are stability and permeability. Compaction characteristics are not 
as important for this use as they might be for other purposes since dens­
ity requirements for lagoon embankments are seldom as stringent as 
those for, say a load-carrying fill. Controlled compaction is desirable, 
but uncontrolled compaction is not uncommon. Some groups with good 
stability are pervious. Those groups having a combination of good sta­
bility and low permeability are most desirable. The soils which best 
fulfill these requirements are the GC, SC, GM, and SM groups. The 
ML, MH, CL, and CH groups should be satisfactory when used in com­
bination with the above groups. The clay and silt groups, when used 
alone, may be found lacking in stability and subject to erosion, and con­
sequently they may require excessive maintenance.

107. If it is found that the commonly available soils at a site are so 
permeable that a core of impermeable material is required for economi­
cal construction, then the GC, SC, CL, and CH groups may be expected 
to be suitable core material.

108. Lack of stability and organic content generally decrease the de­
sirability of the organic and highly organic soil groups so that they are 
seldom used for sewage stabilization pond embankments, except under 
special circumstances.

109. Column 20 gives the relative desirability of the soil groups for 
use as low berms for sewage lagoons. Permeability and stability are 
both considered. In this column, as in pervious columns, the lower 
the numerical rating the higher the relative desirability is.

110. Compacted earth lining for water storage reservoirs and sewage 
lagoons. Water storage reservoirs and sewage lagoons constructed on 
pervious soils, such as those from the GW, GP, SW, and SP groups, may 
lose large quantities of liquids as a result of seepage through the bottoms 
and sides of the storage areas. The quantity of seepage usually can be 
materially reduced by compacted linings of less pervious materials.
The effectiveness of such linings is related, of course, to the perme­
ability of the soil which is lined or sealed. For example, if the bottom 
of a storage area was composed of silt soils, sealing it with one of the 
gravelly soils would not have much effect on seepage but it might be 
quite useful in preventing erosion.

111. In situations where sealing a storage area against seepage is 
the most important consideration, the GC, SC, CL, and CH groups will 
usually be the most desirable soils for lining purposes. If reduction in 
seepage quantities and protection from erosion are of equal consequence, 
then the GC and SC groups will be found to be best suited for these pur­
poses. If protection from erosion with a lesser reduction in seepage is a 
satisfactory aim, then the GM and SM groups may be utilized in addition 
to the GC and SC groups.
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112. The relative desirability of the soil groups for compacted linings 
is based on both permeability and resistance to erosion. These ratings 
are shown in column 21, with the more desirable soils for this purpose

!

1 having the lower numbers.I
113. Domestic sewage disposal area. In column 22 the soil groups are 

rated according to relative desirability for use as the absorption phase of 
a domestic sewage disposal system. Such installations as disposal beds 
or trenches for the disposal of the effluent of septic tanks are considered. 
Disposal pits, while unlikely in a fill area, may be necessary because of 
unsuitable permeability of the fill material combined with advantageous 
characteristics of the subsoil. Disposal pits must be designed on the 
basis of a thorough site investigation which may include a test boring at 
the proposed site, and pits are not considered in this rating.

114. Fill areas are generally not suitable for use as a domestic sewage 
disposal area, but when a development is to be on disturbed soil in a non­
sewer area some well designed and well constructed fills of coarse­
grained, free-draining soils (GW, GP, SW, and SP) may be suitable for 
this purpose, provided the underlying formations are at least as perme­
able as the soil in the fill. These soils are rated 1 in the table.

:

i

115. It is unlikely that fills constructed of fine-grained soils can be 
used as a domestic sewage disposal area, and these are rated as not 
suitable in column 22. Some groups will require appropriate tests be­
fore it can be determined whether or not they are suitable. These soils 
are rated 2 in the table. In deciding upon the desirability of a particular 
fill for a disposal area such conditions as position and fluctuations of the 
water table, characteristics of the soil under the fill, and topography 
must be considered.

Additional Site Problems Involving Disturbed
Soils

116. Many site problems involving fill material do not lend them­
selves to tabulation in the Unified Soil Classification System. Generally 
they are problems of engineering analysis.

117. Two of these problems are mentioned here as examples. First, 
the effects which may be attributed to a composite system of a fill placed 
on undisturbed soil must be analyzed from the point of view of the com­
bined effects of the two materials. Structures which are located partly 
on a fill material and partly on undisturbed material present another 
facet of this same problem. Second, the stability of slopes and criteria 
for recommended stable slopes require engineering analysis, 
ditions are so important here that they overshadow the characteristics 
attributable to the soil components which are the basis of the Unified 
Classification System, 
entirely divorced from the first mentioned above.

118. Existing fills constructed with uncontrolled compaction must, of 
course, be individually investigated and the properties of the fill deter­
mined therefrom. The investigation is usually expensive, and the proper­
ties are usually poor.

Con-
i

Then, again, this second problem cannot be

i
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PART IV: CHARACTERISTICS AND PROPERTIES OF 
UNDISTURBED SOILS

Influence of Conditions and Environment

119.The characteristics and properties of natural, undisturbed soils 
depend so much on local conditions, environment, and past geological 
history of the formations that any attempt to tabulate or rate them is 
fraught with great difficulties. Such an attempt would be apt to result 
in an exceedingly cumbersome text and in tables that would be of lim­
ited value because of wide variations in properties and numerous ex­
ceptions which would exist as a result of influences not directly ac­
counted for by the Unified Soil Classification System.

120. As an alternative approach, the following paragraphs point out 
the critical situations that can occur as a result of combinations of 
condition and environment for each of the soil groups in the Unified 
Soil Classification System. This does not mean that the Unified Sys­
tem cannot be used with undisturbed soils. It can and should be used 
to classify the soils, and the adequate word description is most neces­
sary in communicating information about the soil profile.

Characteristics of Uniform Formations

Coarse-grained soils

121. The coarse-grained soils are usually the most desirable soils 
for most engineering purposes at a residential site development. The 
value of these soils depends a great deal on the relative density of the 
formations. Loose soils can settle dangerously if vibrated. Non-uni­
form density can cause unequal settlements. Usually, with moderate 
density, the strength of these soils is sufficient to carry any load from 
structures ordinarily found in residential areas; if there is a limit on 
loads it will usually be imposed by allowable settlement.

122. Poorly graded fine sands and silty sands (SP and SM) are more 
affected by density than others in the coarse-grained groups; if below 
the water table and loose they may become "quick" and flow during ex­
cavation operations and may result in lost ground in the surrounding 
area if proper dewatering techniques are not utilized.

123. Usually a simple penetration test will yield sufficient results for 
evaluating the density of coarse-grained soils. Sometimes a portion of 
the resistance to penetration can be attributed to cementation of the 
grains. The density of loose formations can usually be increased by any 
one of several methods which involve vibration of the formation. Posi­
tion of the water table and degree of saturation are also desirable infor­
mation if excavation is contemplated

124. When the free-draining soils (GW, GP, SW, and SP) are to be 
used for sewage disposal areas, a high water table can prevent effici-
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absorption and distribution of effluents unless the groundwater has 
noticeable velocity. In the silty or clayey sands and gravels (GM, GC, 
SM, and SC) cementation is not unusual, and this impairs their use for

Percolation tests are needed to determine

ent

i
sewage disposal purposes, 
the value of these less permeable coarse-grained soils.

■;

125. The clayey gravels and sands (GC and SC) are generally sufficiently 
impermeable for use as the bottom of water storage reservoirs or sewage 
stabilization ponds. The silty gravels and sands (GM and SM) may be 
suitable for this purpose but excessive seepage may be a problem in the 
more pervious of these soils.

Fine-grained soils

j
;
::
;
I 126. Silts. The density, water content, degree of saturation, and po­

sition of the water table are of extreme importance in silt formations 
and deposits. The density of these formations can be fairly well deter­
mined by simple penetration tests. Loose or soft silts are often unsat­
isfactory for the direct support of foundations. Deep beds of silt, often 
more or less organic, are encountered near the present or former 
shores of oceans and lakes and in the beds of present or ancient rivers. 
Formations of residual silts are common in some areas. When these 
formations are below the water table and have never had the opportunity 
to become dried, they are likely to be as soft and compressible as nor­
mally loaded clays near the liquid limit.

i.

;
s

127. The non-plastic silts and silts of low plasticity(ML)may liquify easily 
if saturated and flow as a viscous liquid. Some silts, on the other nand, 
are relatively stable even with a low density if there is a clay binder 
present. Silts requiring stabilization during excavation operations of a 
temporary nature may sometimes be stabilized by the well-point method 
or even by freezing, but this is expensive.

128. Erosion is a major problem for slopes on silts. Slopes on loose 
silt or cuts made in silts are subject to slides if they become saturated. 
The difficulties of excavation increase with decreasing plasticity of the 
silt, if saturated. Some rock flours (non-plastic, inorganic silts) have 
become notorious for their troublesome characteristics and are known 
locally as "bull's liver."

129. Excavation below the water table in loose plastic silts (both ML 
and MH) is likely to result in considerable loss of ground and settlement 
of the adjacent ground surface caused by drainage of the silt and the 
companying consolidation, 
tions.

: ac-
This may not be serious in shallow excava- 

Silt deposits are the most susceptible of all soil deposits to frost 
heave and subsequent loss of strength on thawing, provided 
water and low temperatures are available.

sources or

i
130. Silts vary widely in their desirability as soils for domestic sewage 

disposal areas. The presence of a well developed, water-table struc­
ture greatly improves their value, particularly if the structure is of a 
blocky nature. Loose or soft silts may be troublesome from a trench 
construction viewpoint, and they often give trouble by infiltration of silt 
into the prepared gravel beds of the disposal area.

1

:
!
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The131. Loess is silt or clay deposited as a result of wind action, 
characteristics of true loess deposits are likely to be extremely differ­
ent from those of waterlaid silts. On account of the calcareous binder 
present (a clay binder sometimes occurs) in most loess deposits, the 
material is likely to have appreciable cohesion with a relatively low 
density. It may be capable of sustaining loads of several tons per 
square foot without appreciable settlement. However, the quality of 
the binder or cementing material is likely to differ from point to point, 
partly on account of erratic variations in the leaching action of ground- 
water. Hence, the strength of the deposit is likely to vary widely with­
in short distances.

132. Deep profiles of loess have a tendency towards a well developed 
pedological structure and are often permeated by roots and root holes. 
Under these conditions loess may make a good sewage disposal area.

133. Deposits of true loess are unsaturated. If they become saturated 
some of the binder is likely to dissolve or soften, and the deposit may 
lose its cohesion. In this event the structure of the soil collapses, and 
the void ratio (see appendix D) decreases significantly. This is likely 
to cause settlement of the ground surface irrespective of the loads on 
the soil and failure of sewage absorption fields in the loess. Cuts in 
loess require special consideration. They should be made almost ver­
tical, otherwise they will slough to an almost vertical face with subse­
quent weathering.

134. Once the characteristics of undisturbed, wind deposited, true loess 
have been destroyed, the material behaves like an ordinary slightly plas- 
tic silt. Upon completion of a footing or slab foundation on loess, special 
precautions must be taken to insure that the water table will not be raised 
or the loess become saturated by any subsequent activities. In a number 
of instances, small structures founded on loess in semi-arid climates 
have settled on account of saturation of the subsoil caused by sprinkling 
or irrigation required to maintain lawns or landscaping. In other in­
stances accumulation of water from other sources beneath structures 
have led to large subsidences.

135. Ordinary silts (including re-deposited modified loess) can be used 
for foundations in a residential site development even though they require 
closer attention than the coarse-grained soils. Footings and slabs with 
design bearing values of several tons per square foot have been success­
fully constructed. Silts, in general, are less desirable for foundation 
soils than are the coarse-grained soils. Some silts require expert in­
vestigation and analysis.

136. Inorganic clays. The ultimate bearing capacity of clay formations 
depends primarily on the shearing resistance of the clay. Secondary 
structural characteristics such as hair cracks and slickensides will re­
duce the overall shearing strength of a formation in soils where they oc­
cur. These same characteristics indicate increased permeability (at 
least until swelling occurs which would close the channels), and this may 
result in increased value of the soils for domestic sewage disposal areas. 
The unconfined compressive strengths and the shearing strengths of clays 
can be roughly estimated on the basis of penetration tests (see appendix 
C) or vane tests.
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137. Medium to hard clays usually can be used in a residential develop­
ment as a foundation material without concern for its oa earing caPa 
cities. With the relatively low loadings associated with residences there 
may be some consolidation of the clay with consequent subsidence; with 
proper design of. the foundation it is not likely to be intolera e.

138. Deep fills on clays may result in high loadings from the weight
In this case engineering analysisof the fill and the structures on it. 

may be required.
139. Clays in the CL group will generally compress less than the clays 

in the CH group if the two groups have similar loading histories. For 
clays identified as belonging to the same group, those with very soft or 
soft consistencies in the undisturbed state may be expected to compress 
more than those with stiffer consistencies. With proper design of the 
foundations of a structure a clay of almost any consistency can be used.

i

140. If channels exist for the flow of fluids in a clay formation as a re­
sult of its structure, these channels may be sealed off by the fine-grained 
ingredients of the formation if the soil is manipulated such as when a cut 
is made in the excavation of a trench or bed for a sewage absorption area. 
The highly plastic clays with high moisture content are most susceptible 
to this type of action. Clays that originally may have had appreciable ab­
sorption capacity may become almost impermeable after slight surface 
disturbance at an interface. This characteristic, along with generally 
low permeability, limits the value of such soils for use as the absorption 
phase of a domestic sewage disposal system, but it increases the desir­
ability of these soils for use as the bottom of water storage reservoirs
or sewage lagoons.

141. Clays of the CL group with a low degree of saturation may be ex­
pansive if they are subject to wide fluctuations in moisture content. It 
is noted that merely placing a structure on a soil will induce a change in 
the moisture content.

142. Soils that are hard and dry are potentially the most expansive of 
any of the soils in the CL group. Clays with a high moisture content

not as subject to expansion but they may be subject to shrinking.
Any clay that has a plasticity index greater than 15 may be an expansive 
clay if it is subjected to wide changes in moisture content. Clays of high 
compressibility (CH) are nearly all potentially expansive clays but re­
duced permeability may decrease the magnitude of moisture change and 
thus reduce the tendency for rapid swelling or shrinking.

are

143. In expansion and shrinking as in other types of movement small 
differential movement is usually 
movement.

more damaging than larger uniform 
A system of surface drainage that will insure uniform 

drainage and will carry off surface water rapidly is usually most de­
sirable. In the usual residential site development it is not economical 
to try to improve the consistency of a clay deposit, but adequate drain­
age systems help.

144. Percolation tests for appraising expansive soils for use as the ab­
sorption phase of a domestic sewage disposal system must be carefully 
conducted. The soils must be at a moisture content and in an expanded 
condition similar to that which will exist under use conditions. This
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means that generally they must be saturated and the saturated condition 
must be maintained for a sufficient time for expansion to take place.

145. The color of clay subsoils is an excellent clue to their value for 
sewage disposal. Mottled coloring or dull grey coloring of a clay is a 
strong indication of poor internal drainage and thus poor soils for use 
as an absorption area for a domestic sewage disposal system.

146. Organic clays. The comments contained in the above paragraph 
generally apply to organic clay formations (OL and OH). In general, 
organic clays are more compressible than inorganic clays and founda­
tions of these formations must be designed to take this into account. If 
a formation of organic clay of high compressibility is shallow it may be 
economical to remove such soils from the foundation area and use a 
more desirable subsoil or backfill with more suitable soils. It is not 
unusual for organic soils to be covered with a fill of other soil in order 
to distribute building loads evenly through the organic soils. In this 
case the combined weight of the fill and building loads must be con­
sidered in estimating settlements. These soils are not likely to be 
suitable for use as the absorption phase of a domestic sewage absorp­
tion system because of their low permeability and poor internal drain­
age.

Highly organic soils

147. The highly organic soils (Pt) are generally very poor foundation 
materials. However, if a soil of the Pt group is well consolidated it is 
possible to design satisfactory foundations for it. Usually the peaty 
soils are so compressible that large settlements should be anticipated 
unless loads are transmitted through these soils to some more resis­
tant layer. Highly organic soils are often found in low, swampy areas 
and, as a result, they may be filled over to bring the area up to grade. 
Here the peat must carry not only the load of the buildings but also the 
weight of the fill, and large settlements may be expected. If possible, 
it is advisable to avoid highly organic soils for foundations.

Characteristics of Nonuniform Formations

148. Many formations consist either of definite strata or of more or 
less lenticular elements. Some of the components of the formation 
may consist of fairly desirable material, whereas others may be rel­
atively undersirable because of some of the conditions mentioned 
above. On the basis of preliminary investigations one can usually 
conclude at once whether some parts of the deposit are of such quality 
as to be of no further concern. Attention can then be focused on the 
weaker, more compressible or otherwise less desirable members. 
Nonuniform formations can be investigated and identified according 
to the Unified Soil Classification System. The characteristics of the 
individual strata can be estimated on the basis of the descriptions 
given above for uniform deposits and the results combined and modi­
fied to indicate the behavior of nonuniform deposits.
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Word Description of Undisturbed Soils

i outlined in part II and tabulated149. An adequate word description as 
in table 1 is a basic step in classifying undisturbed soils. An adequate 
description will permit the trained observer to anticipate many of the 
problems that can arise with undisturbed soils.

Undisturbed Soils at Residential Building Sites

150. General characteristics of the soil groups of the Unified Soil 
Classification System pertinent to undisturbed soils at a residential 
building site are indicated in table 3. Based on these characteristics 
and experience, table 3 also compares the soil groups according to 
desirability for various pertinent uses. The numeral "l" is used for 
the group or groups usually considered most desirable; higher numbers 
indicate desirability decreasing with the magnitude of the numbers. 
Numerical comparisons apply only within a single vertical column. It
should be clearly recognized that the numerical ratings are highly ap­
proximate and are intended only as a guide to aid the investigator in 
comparing soils for various purposes; conditions and environment will 
often make different numerical sequences not only desirable but nec­
essary.

151. In table 3, columns 1 and 2 show the group symbols and the names 
of the soil types. Column 3 refers to text paragraphs which are appli­
cable to various soil formations. Columns 4 through 9 rate the relative 
desirability of the soils for various uses at a residential building site 
and show the following: column 4, roadway subgrade when not subject 
to frost action; column 5, roadway subgrade when subject to frost ac­
tion; column 6, foundations for low buildings when the soil formation is 
either dense or hard; column 7, foundations for low buildings when the 
soil formation is either loose or soft; and column 8, domestic sewage 
disposal area (absorption phase for liquid effluent from septic tanks); 
and colum 9, site for unlined reservoir or unlined sewage lagoon. The 
various features presentedare discussed briefly in the following para­
graphs.

Significant features

152. The influence of conditions and environment and an indication of 
the characteristics of the various soil groups when found in uniform for­
mations are indicated in column 3 by references to applicable paragraphs 
in the text. The characteristics of the soil groups in the disturbed state 
(part III) should be reviewed for comparison.i

!
Relative desirability 
for roadway sub-gradeA

i:
153. Columns 4 and 5 rate formations of the various soil groups as sub­

grades for roadways under conditions where frost action is not possible 
and where frost action is possible. The more desirable soils under each 
condition are given the lower numerical ratings.

I
:

:
l
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Relative desir- 
ability for foundations

154. Columns 6 and 7 rate deposits of the various soil groups as foun­
dations for low buildings (up to and including three-story buildings). 
Column 6 shows the relative desirability of dense noncohesive soils or 
hard cohesive soils while column 7 rates the groups when they are loose 
or soft.
be noted by referring to the references listed in column 3. 
ratings apply to low buildings for sanitary engineering structures as well 
as they do to residences.

Domestic sew- 
age disposal area

155. In column 8 of table 3 the soil groups are rated according to rela­
tive desirability when formations of these soils are used as the absorp­
tion phase of domestic sewage disposal systems. Such installations as 
disposal beds or trenches are considered. Pits are not included in this 
rating. If a formation is uniform and is of a free-draining material, a 
shallow pit may be quite satisfactory. If the formation is nonuniform 
and the top layer is not suitable for other common methods of disposal 
then a site investigation must be made. It is noted that the successful 
use of pits in the local area may be sufficient indication but this can 
not be depended on in many cases.

156. The various conditions that affect permeability of natural forma­
tions will affect the value of a formation for use for absorption of liquids. 
The permeability in a direction parallel to the bedding may be many times 
that in directions perpendicular to the bedding. Such secondary struc­
tural features as root holes, shrinkage cracks and tension or shear cracks 
may give misleading values of the permeability when the soil is tested in 
place.

157. The coarse-grained soils (GW, GP, SW, and SP) which are rated
1 in the table are probably suitable as disposal areas. Those soils rated
2 will probably require percolation tests to determine whether or not they 
will be satisfactory. Such tests should be conducted by experienced per­
sonnel who are able to take into account the condition of the soil at the 
time of the test. Formations that are rated NS (CH, OH, and Pt) are not 
likely to be satisfactory for use as the absorption phase of a domestic 
sewage disposal system.

Reservoir or 
sewage lagoon site

The relative ratings are greatly influenced by conditions as will
The relative

158. The most desirable soils on which to construct an unlined water 
reservoir or an unlined sewage lagoon are formations composed of the 
GC, SC, CL, or CH soil groups. These are likely to be impervious 
enough to prevent damage to the functioning of the storage area which 
can occur as a result of seepage. These soils are usually satisfactory 
when they occur as uniform deposits or when they occur in combination
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assigned the lower num-soils areimperviou
column 9.

s

Formations coopo.edof»*»

%£>Z!]ZffS? ZZX -is,““" "oslon ,ha”do
the ML and MH groups.

159.

slliiillissii
able, NS, in column 9 of table 3.

combined with questionable permeability
soils to be relatively undesirable 

seldom used for this

cause
161. Organic content 

deposits of organic and highly organic 
for reservoir or lagoon installations. They 

except under special circumstances.
are

purpose

162. Numerical ratings are approximate and are intended only as a 
guide to aid the investigator in comparing various soils for a stated pur­
pose. For example, a few instances have been reported where sewage 
stabilization ponds have been constructed on "sand and gravel" (sic) 

with the anticipation that the algae growths and sewage solids 
would in time cover the sides and bottom of the pond and would thereby 
considerably reduce the seepage losses. One such installation did in 
fact perform as anticipated, but the reduction in seepage was not suffi­
cient to prevent contamination of the local ground water with undesirable 
chemicals. This statement should be clarified, perhaps, by adding that 
at this installation the seepage was gradually decreased to a point such 
that essential biological processes could be successfully maintained, but 
the quantity of seepage was not reduced to a rate that would preclude 
noticeable contamination of the local ground water by certain chemicals 
that are commonly found in household wastes. This particular installa- 

on was abandoned after about a year of operation. Can formations with 
pervious drainage characteristics be used

They might be successfully used under 
ratings of soil for this 
and judgment.

areas

semi-
as the site for a storage 

certain special conditions; 
tempered by engineering experience

area ?
use must be

Additional Site Problemsjnvolving Undisturbed 
Soils --------------------

problems in soil'n^chlnics' afl™8, giving undisturbed soils that are 
Unified Soil Classification System 6nb ^emselves to tabulation in the 
analysis. The complications of no’nuniW ^ SOil Problems of design and 
problem, have already been mentioned deposits, which is a widespread 
slopes, either natural slopes or lw, £ParagraPh 148. The stability of 
engineering analysis. Usually if ‘ are the Msult of cuts, requires
man * 6 l0Cal area there will be no tro hf''16 slopes which are corn- 
many exceptions to this rule as a n “ble with slides; there may be
too ."isT pmbl^m^f Pe6S a pressing conditions. Land-

f Diem of exieiru*a*ina Pro»lexn in many areas. This,
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TABLE 2

DISTURBED SOILS AT RESIDENTIAL BUILDING SITES

GENERAL CHARACTERISTICS1 RELATIVE DESIRABILITY FOR VARIOUS USES1

Roadways Water and Sewage PurposesFoundationsTYPICAL NAMES OFGROUP Shearing
Strength when 
Compacted and 

Saturated

Compressibility
when Compacted 

and 
Saturated

Sub-base
when Subject

Expansion
Potential

when
Compacted

Workability
as a

Construction
Material

Permeability
and Percolation 
Characteristics 
when Compacted 

cm j,er)Sec

Base
when not 

Subject to 
Frost Action

Compacted Earth Lining
for Water Storage 
Reservoirs and 
Sewage Lagoons

Low Berm
for Sewage 

Lagoons
(less than 6 ft)

MAJOR DIVISIONS Low
Buildings 

on Compacted 
Fill

Surface
Stabilization

with
Additives

Sub-base 
when not 

Subject to 
Frost Action

Unit Dry Weight 
lb per cu ftCompaction

Characteristics
SOIL GROUPS Domestic

Sewage
Disposal Area^

SYMBOLS Wearing
Surface

(untreated)
Potential

Frost
Action

Corrosion to
?rost Action 

(16)
(7) Potential

(9)(6) (8)(5) (10)Std.AASHO Mod.AASHO (15) (22)(21)(4) (17) (20)(3) (19)(1) (2) (18)(14)(12) (13)
Well-graded gravels, 
gravel-sand mixtures, 
little or no fines.

11 125-135 1 K >10"2 
Pervious

125-1401 11 11 NSNSGW 3 1 11 11

graded gravels 
ravel-sand mixtures 
e or no fines.

Poorly 
or gr 
littl

GRAVEL -2110-125 12 110-140 22 1 3 1K >10 
Very pervious

NS NSGP 2 4 21 21 3
AND

GRAVELLY
K= 10~3 to 10“6 
Semi-pervious 
to impervious

Silty gravels, gravel- 
sand-silt mixtures. 115-1354 115-145 5 2 62 1 24SOILS GM 2-4 5 1 3 22-3 1 4

COARSE-
Clayey gravels, gravel- 

nd-clay mixtures. K=10"6to 10-8 
Impervious

63 115-130 120-145 3 5 1 22 12 3-4 1 4GC 22-3sa 2 4
GRAINED

Well-graded sands, 
gravelly sands, little 
or no fines.

-3 1NSNS1 1 105-120 110-130 3 1 2 1 21 52SW K > 10 
Pervious

1 21

SOILS
Poorly graded sands or 
gravelly sands, little 
or no fines.

SANDS -3 1NSNS4 1 452-43 2 100-120 105-135 4 1 1 5SP K > 10 
Pervious

1 1
AND

K=10-3 tolO"6 
Semi-pervious 
to impervious

Silty sand,sand-silt 
mixtures.

SANDY 6 5 28 4 46 23-53 100-125 100-135SM 4 7 3 1 4 1
SOILS

Clayey sands, sand- 
clay mixtures. K=10-6 to 10"8 

Impervious
NS26 5 36 225110-135SC 2 3 105-125 8 3 4 22

Inorganic silts and very fine
ds, rock flour, silty or 

clayey fine sands or clayey 
silts with slight plasticity^

K=10~3 to 10~6 
Semi-pervious 
to impervious

SILTS san 6 6 NS3 78 NS4-6 3-5 NS 10>0. 23-4 85-115 90-125 29 4
AND

CLAYS Inorganic clays of low to 
medium plasticity gravelly 
clays, sandy clays, silty 
clays, lean clays.

CL
K=10"6 to 10‘8 

Impervious
6 3 NS54773-4 3 NS 790-1303 34 90-120 9 5LL IS

FINE-
K=lCr'* to 10"6
Semi-pervious 
to impervious

LESS Organic silts and 
organic silty clays of 
low plasticity.

8 8 NS75NS93-4 4 NS 11OL 90-105 6 34 7 80-100 9THAN 50
GRAINED

Inorganic silts, micaceous 
or diatomaceous fine 
sandy or silty soils, 
elastic silts.

SILTS
K=10-/* to 10-6 
Semi-pervious 
to impervious

8 NS5 9 910 NS3-5 NS2 12MH 80-1054 64-8 21070-95AND
SOILS

CLAYS
K=10"6 tolO-8

Impervious
Inorganic clays of high 
plasticity, fat clays. 6 8 7 NS711 NS3 NS3 9LL IS CH 85-1155 34-7 1075-105 7

K=10”6 to 10-8
Impervious

GREATER
43Organic clays of medium 

to high plasticity, 
organic silts.

75-1105 38 65-100 10 67 10 10 NS NS12 NSNS 13THAN 50 OH

HIGHLY ORGANIC SOILS Pt Peat and other highly 
organic soils. NS NS NSNS NSNS NS52 NSNS NSNSNSNS NS NS NSNS

93 110 11310588 9182 9178 917359 62 96, 97 through70 through through throughthroughthrough 95through throughthrough
81

TEXT REFERENCE (Paragraph Number) throughthrough68, 69through 67 104 112through through 94 109 1159087 94 947772

35tor in comparing soils for various purposes.

Fills are not generally suitaM for use as domestic sewage disposal areas except 
for coarse-grained soils on able drained subgrades with favorable topography, 
and the fills that are used large, well designed and properly compacted.

frost action, it should be kept in mind that the E£prPnumericalhratings; on the other these unfavorable characteristics are given lower numerical^rati^,^^ ^ ^
hanviMi?re Croups are compared withreferellfwk?rh show greater evidence of these workability and shearing strength, the groups which^show greac^^ applv Qnly
fa?MreS are Siven the lower numerical rf^Pf3*,- -^recognized that the numerical 

1 single vertical column. It should be cl®f 5L „ Jjide to aid the investiga- 
ratings given are approximate and are intended only as a guiae

Notes: 1. Numbers in each column indicate relative desirability. The numeral "1" is used 
for the group or groups usually considered most desirable; higher numbers i ' 

?esirablli!;y decreasing with the magnitude of the numbers. The symbols ~ 
"NS indicate that a soil group is not generally suitable for the use shown or 
in the rating of characteristics its quality is so poor that no relative ratiAg 
is assigned. In the columns stating the relative ratings of the soil groups with 
reference to unfavorable characteristics, such as compressibility and potential

2.indi-



I TABLE 3

UNDISTURBED SOILS AT RESIDENTIAL BUILDING SITES

TYPICAL NAMESCROUP CRITICAL RELATIVE DESIRABILITY FCft VARIOUS USES
SYMBOLS OF FEATURES ReservoirRoadway Sub-grade Dorse.-, tie 

Sewage 
Disposal 

Area 
(8)

Foundst 
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uildings or
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Si
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(4)
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t Action 
(5)

oont to t to
Text Paragraphs Loo Soft Site

(9)
Pros Don Hard so or 
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(6)(1) (2)

Well-graded gravels, gravel-
sand mixtures, little or no 
fines.

121 through 125 
H8, 149GW HS1 1 11 1

Poorly grodod gravels 
or gravel-sand mixtures, 
little or no finos.

OP 121 through 125 
148, 149 NS3 13 21

Silty gravels, gravel- 
nd-silt mixtures.

CM 121 through 125 
148, 149

54 29 22on

Clayey gravels, gravel- 
nd-clay mixtures.

CC 121 through 125 
148, 149

6 11 25 3'

Well- 
grave 
or no fines.

graded sands, 
lly sands, littleSV 121 through 125 

148, 149 HS2 1 12 1

SP Poorly graded sands or 
gravelly sands, little 
or no finos.

121 through 125 
148, 149 NS5 2 14 1

6SM Silty sand, sand silt 
mixtures.

121 through 125 
148, 149

6 10 2 22*

6SC Clayey sands, sand-clay 
mixtures.

121 thro 
148,

ugh 125 
149

27 3 2 2

126 through 130 
132 through 135 

148, 149

ML nic silts and ve 
rock flo 

ey fine san 
s with slight

ry fino 
ur, silty or 
da or clayey 

plasticity.

11 3 3 2I no 855!san
clay
silt

inorganic clays of low to 
medium plasticity, gravelly 
clays, sandy clay3, 3ilty 
clays, lean clays.

Expansion 
very dangerous, 

if dry

CL
36 through 145 

148, 149
3-5 2 38 71

4OL Organic silts, and 
silty clays of low 
plasticity.

organic
4 9146, 148, 149 12

dan
29 anslon
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713 5 4 2126 through 130 
132 through 135 

149

10KH Inorganic silts, micaceous 
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very dang 
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APPENDIX A

FIELD IDENTIFICATION

Quoted from Unified Soil Classification System, Volume 1, March, 1953, 
Technical Memorandum No. 3-357, Office of the Chief ofEngi 
Waterways Experiment Station, Vicksburg, Mississippi.

Identification of Soil Groups

neers,

17. The unified soil classification is so arranged that most soils may 
be classified into at least the three primary groups (coarse grained, fine 
grained, and highly organic) by means of visual examination and simple 
field tests. Classification into the subdivisions can also be made by visual 
examination with some degree of success, 
be made by means of laboratory tests on the materials, 
many instances a tentative classification determined in the field is of 
great benefit and may be all the identification that is necessary, depend­
ing on the purposes for which the soils in question are to be used. Meth­
ods of general identification of soils are discussed in the following para­
graphs, and a laboratory testing procedure is presented. It is empha­
sized that the two methods of identification are never entirely separated. 
Certain characteristics can only be estimated by visual examination, 
and in borderline cases it may be necessary to verify the classification 
by laboratory tests. Conversely, the field methods are entirely practical 
for preliminary laboratory identification and may be used to advantage in 
grouping soils in such a manner that only a minimum number of labora­
tory tests need be run.

More positive identification may 
However, in

Gene ral Identification

18. The easiest way of learning field identification of soils is under 
the guidance of experienced personnel. Without such assistance, field 
identification may be learned by systematically comparing the numerical 
test results for typical soils in each group with the "feel" of the material 
while field identification procedures are being performed.

Coarse-grained soils

19. Texture and composition. In field identification of coarse-grained 
materials a dry sample is spread on a flat surface and examined to deter­
mine gradation, grain size and shape, and mineral composition. Consid­
erable experience is required to differentiate, on the basis of a visual 
examination, between well-graded and poorly-graded soils. The dura­
bility of the grains of a coarse-grained soil may require a careful exam­
ination, depending on the use to which the soil is to be put. Pebbles and 
sand grains consisting of sound rock are easily identified. Weathered 
material is recognized from its discolorations and the relative ease with 
which the grains can be crushed. Gravels consisting of weathered gra­
nitic rocks, quartzite, etc. , are not necessarily objectionable for con­
struction purposes. On the other hand, coarse-grained soils containing
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fragments of shaley rock may be unsuitable because alternate wetting and 
drying may result in their partial or complete disintegration. This prop­
erty can be identified by a slaking test. The particles are first thoroughly 

or sun-dried, then submerged in water for al least 24 hours, and 
finally their strength is tested and compared with the original strength. 
Some types of shales will completely disintegrate when subjected to such 
a slaking test.

j
oven-

::
1:

20. Examination of fine fraction. Reference to the identification sheet 
(table 1 1 ) shows that classification criteria of the various coarse-grained 
soil groups are based on the amount of material passing the No. 200 
sieve and the plasticity characteristics of the binder fraction (passing the 
No. 40 sieve). Various methods may be used to estimate the percentage 
of material passing the No. 200 sieve; the choice of method will depend 
on the skill of the technician, the equipment at hand, and the time avail­
able. One method, decantation, consists of mixing the soil with water in 
a suitable container and pouring off the turbid mixture of water and fine 
soil; successive decantations will remove practically all of the fines and 
leave only the sand and gravel sizes in the container. A visual comparison 
of the residue with the original material will give some idea of the amount 
of fines present. Another useful method is to put a mixture of soil and 
water in a test tube, shake it thoroughly, and allow the mixture to settle. 
The coarse particles will fall to the bottom and successively finer parti­
cles will be deposited with increasing time; the sand sizes will fall out of 
suspension in 20 to 30 seconds. If the assumption is made that the soil 
weight is proportional to its volume, this method may be used to esti­
mate the amount of fines present. A rough estimate of the amount of fines 
may be made by spreading the sample out on a level surface and making 
a visual estimate of the percentage of fine particles present. The pres­
ence of fine sand can usually be detected by rubbing a sample between the 
fingers; silt or clay particles feel smooth and stain the fingers, whereas 
the sand feels gritty and does not leave a stain. The "teeth test" is 
sometimes used for this purpose, and consists of biting a portion of the 
sample between the teeth. Sand feels gritty whereas silt and clay do not; 
clay tends to stick to the teeth while silt does not. If there appears to be 
more than about 12 per cent of the material passing the No. 200 sieve, 
the sample should be separated as well as possible by hand, or by de­
cantation and evaporation, removing all of the gravel and coarse sand, 
and the characteristics of the fine fraction determined. The binder is 
mixed with water and its dry strength and plasticity characteristics 
examined.

;

!

are
Criteria for dry strength are shown in column 5 of the 

classification sheet, table 1 A ; evaluation of soils according to dry 
strength and plasticity criteria is discussed in succeeding paragraphs 
in connection with fine-grained soils. Identification of active cementing 
agents other than clay usually is not possible by visual and manual 
amination, since such agents may require a curing period of days or 
even weeks. In the absence of such experience the soils should be 
classified tentatively into their apparent groups, neglecting any possible 
development of strength because of cementation.

ex-

1 Table Al in this report

I
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Fine-grained soils

21. The principal procedures for field identification of fine-grained 
soils are the test for dilatancy (reaction to shaking), the examination of 
plasticity characteristics, and, the determination of dry strength. In ad­
dition, observations of color and odor are of value, particularly for or­
ganic .soils. Descriptions of the field identification procedures are pre­
sented in the following paragraphs. The dilatancy, plasticity, and dry 
strength tests are performed on the fraction of the soil finer than the 
No., 40 sieve. Separation of particles coarse than the No. 40 sieve is 
done most expediently in the field by hand. However, separation by hand 
probably will be most effective for particles coarser than the No. 10 
sieve. Some effort should be made to remove the No. 10 to No. 40 frac­
tion but it is believed that any particles in this size range remaining after 
hand separation would have little effect on the field identification proce­
dures.

22. Dilantancy. The soil is prepared for test by removing particles 
larger than about the No. 40 sieve size (by hand) and adding enough water 
if necessary, to make the soil soft but not sticky. The pat of moist soil 
should have a volume of about 1/2 cubic inch. The pat of soil is alter­
nately shaken horizontally in the open palm of one hand, which is struck 
vigorously against the other hand several times, and then squeezed be­
tween the fingers. A fine-grained soil that is nonplastic or exhibits very 
low plasticity will become livery and show free water on the surface 
while being shaken. Squeezing will cause the water to disappear from the 
surface and the sample to stiffen and finally crumble under increasing 
finger pressure, like a brittle material. If the water content is just 
right, shaking the broken pieces will cause them to liquefy again and 
flow together. A distinction may be made between rapid, slow, or no 
reaction to the shaking test, depending on the speed with which the pat 
changes its consistency and the water on the surface appears or disap­
pears. Rapid reaction to the shaking test is typical for nonplastic, uni­
form fine sand, silty sand (SP, SM), and inorganic silts (ML) particu­
larly of the rock-flour type, also for diatomaceous earth (MH). The 
reaction becomes somewhat more sluggish with decreasing uniformity
of gradation (and increase in plasticity up to a certain degree). Even 
a slight content of colloidal clay will impart to the soil some plasticity 
and slow up materially the reaction to the shaking test. Soils which re­
act in this manner are somewhat plastic inorganic and organic silts (ML, 
OL), very lean clays (CL), and some kaolin-type clays (ML, MH). Ex­
tremely slow or no reaction to the shaking test is characteristic of all 
typical clays (CL, CH) as well as of highly plastic organic clays (OH).

23. Plasticity characteristics. Examination of the plasticity character­
istics of fine-grained soils or of the fine fraction of coarse-grained 
soils is made with a small moist sample of the material. Particles 
larger than about the No. 40 sieve size are removed (by hand) and a 
specimen of soil about the size of a 1/2-in. cube is molded to the con­
sistency of putty. If the soil is too dry, water must be added and if it
is sticky, the specimen should be spread out in a thin layer and allowed 
to lose some moisture by evaporation. The sample is rolled by hand on 
a smooth surface or between the palms into a thread about 1/8 in. in
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diameter. The thread is then folded and rerolled repeatedly. During this 
manipulation the moisture content is gradually reduced and the specimen 
stiffens, finally loses its plasticity, and crumbles when the plastic limit 
is reached. After the thread crumbles, the pieces should be lumped to­
gether and a slight kneading action continued until the lump crumbles.
The higher the position of a soil above the "A" line on the plasticity chart, 
plate 2 (CL, CH), the stiffer are the threads as their water content ap­
proaches the plastic limit and the tougher are the lumps as the soil is re­
molded after rolling. Soils slightly above the "A" line (CL, CH) form a 
medium tough thread (easy to roll) as the plastic limit is approached but 
when the threads are formed into a lump and kneaded below the plastic 
limit, the soil crumbles readily. Soils below the "A" line (ML, MH, OL, 
OH) form a weak thread and, with the exception of the OH soils, cannot 
be lumped together into a coherent mass below the plastic limit. Plastic 
soils containing organic material or much mica (well below the "A" line) 
form threads that are very soft and spongy near the plastic limit, 
binder fraction of coarse-grained soils may be examined in the same 
manner as fine-grained soils. In general, the binder fraction of coarse­
grained soils with silty fines (GM, SM) will exhibit plasticity character­
istics similar to the ML soils, and that of coarse-grained soils with clayey 
fined (GC, SC) will be similar to the CL soils.

24. Dry strength. The resistance of a piece of dried soil to crushing 
by finger pressure is an indication of the character of the colloidal frac­
tion of a soil. To initiate the test, particles larger than the No. 40 sieve 
size are removed from the soil (by hand) and a specimen is molded to the 
consistency of putty, adding water if necessary. The moist pat of soil 
is allowed to dry (in oven, sun, or air) and is then crumbled between the 
fingers. Soils with slight dry strength crumble readily with very little 
finger pressure. All nonplastic ML and MH soils have almost no dry 
strength. Organic silts and lean organic clays of low plasticity (OL), as 
well as very fine sandy soils (SM), have slight dry strength. Soils of 
medium dry strength require considerable finger pressure to powder the 
sample. Most clays of the CL group and some OH soils exhibit medium 
dry strength. This is also true of the fine fraction of gravelly and sandy 
soils having a clay binder (GC and SC). Soils with high dry strength can be 
broken but cannot be powdered by finger pressure. High dry strength is 
indicative of most CH clays, as well as some organic clays of the OH 
group having very high liquid limits and located near the A-line. In 
some instances high dry strength in the undisturbed state may be furnished 
by a cementing material such as calcium carbonate or iron oxide.

In field soil surveys color is often helpful in distinguish­
ing between various soil strata, and to an engineer with sufficient prelim­
inary experience with the local soils, color may also be useful for iden­
tifying individual soils. The color of the moist soil should be used in 
identification as soil color may change markedly on drying, 
perienced eye certain dark or drab shades of gray or brown, including 
almost black colors, are indicative of fine-grained soils containing 
ganic colloidal matter (OL, OH). In contrast, brighter colors, includ­
ing medium and light gray, olive green, brown, red, yellow, and white, 
are generally associated with inorganic soils. Use of the Munsell soil

The

i

25. Color.

!

To the ex-

or-
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color charts and plates, prepared for the U. S. Department of Agriculture 
by the Munsell Color Company, Baltimore, Maryland, is suggested in the 
event more precise soil color descriptions are desired or to facilitate 
uniform naming of soil colors.

26. Odor. Organic soils of the OL and OH groups usually have a dis­
tinctive odor which, with experience, can be used as an aid in the identi­
fication of such materials. This odor is especially apparent from fresh 
samples. It gradually diminishes on exposure to air, but can be revived 
by heating a wet sample.

Highly organic soils

27. The field identification of highly organic soils (group Pt) is rela­
tively easy inasmuch as these soils are characterized by undecayed or 
partially carbonized particles of leaves, sticks, grass, and other vege­
table matter which impart to the soil a typical fibrous texture. The 
color ranges generally from various shades of dull brown to black. A 
distinct organic odor is also characteristic of the soil. The water con­
tent is usually very high. Another aid in identification of these soils 
may be the location of the soil with respect to topography: low-lying, 
swampy areas usually contain highly organic soils.
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Table A 1
Unified Soli Classification System

unified SOIL CLASSIFICATION 
(Including Identification and Description)

Field Identification Procedures
(Excluding particles larger than 3 in- . 

and basing fractions on estimated weights)

Information Required for 
Describing Soils Laboratory Classification 

Criteria
Group 

Symbols
Typical NamesMajor Divisions

6l* 52 31 7
c c
o • «l
3 a 3
o ^ 5
£ " 3
* ft S'a flia «h cp

io a

%in O 
H C Wide range In grain sizes and substantial

intermediate particle sizes.
Well-graded gravels, gravel-sand mixtures, 

little or no fines.

c .JvLc fwn&

Greater than 4GW For undisturbed soils odd information 
on stratification, degree of compact­
ness, cementation, moisture conditions, 
and drainage characteristics.

amounts of allIsI Ic "o'
S c 

O-S
rI Predominantly one size or a range of sizes with 

some intermediate sizes missing.
Between 1 and 3*!« 

e ** 3

Poorly graded gravels or gravel-sand mixtures, 
little or no fines.3 “

O -3-
GP•3 o -a,-1 o o

V • 103
*31 *

I§ Not meeting all gradation requirements for GW
CJ 4 TJ
UH «)
to H -H C*H1i 0Nonplastic fines or fines with low plasticity 

(for identification procedures see ML belov).
Silty gravels, gravel-sand-siIt mixture.S 3 ~

w o ̂  S
cj -h q c 

w c o 3 v-i
H rl 0)
oh i4 e
> o< 3 ^
« o. oV* <O w

1§£ Atterberg limits below "A" line 
or PI less than 4

Above "A” line with 
PI between 4 and 7 
are borderline cases 
requiring use of dual 
symbols.

GM
rjj i .Q

-C slGive typical name; indicate approximate 
percentages of oand and gravel, maxi­
mum size; angularity, surface condi­
tion, and hardness of the coarse 
grains; local or geologic name and 
other pertinent descriptive informa­
tion; and symbol in parentheses.

u § 2 ^ c 3
ot 

■vl CJ
§ O CJJZ to * »+1 h3 (o cj>
V. » CJ

£5 53

oTo 2
m01 S312 

</> d
gw Atterb

with
Plastic fines (for identification procedures 

see CL below).
limits above “A" line 
greater than 7erg

PI
Clayey gravels, gravel-sand-clay mixtures.I iig

GC 2 1*I I •r- U 
*rl O

(U O ^
O O CJ O

o

•ida Is \d ! %■a
o

o
U> -<
a
O C1
o +>

1Wide range in grain size and substantial amounts 
of all intermediate particle sizes.

Well-graded sands, gravelly sands, little or 
no fines. n Greater than 61 a

«d
5°"

CO

SW♦> «H Or lo
* 5 c5 
o ^ o o
<a a vh

1- s 
i“i c

§ 3

II a <n -d
M *8 *

* 3
r-H -*-«+» V«

II II

5 ty2
CC ° X DgQ

3 O CJ I* >P~<Slt<) bo iH ci a i
CJ ^ CJW c Ui a ci ^4J O 3 £ u os & °

O w
d aded sands or gravelly sands, little Predominantly one size or a range of sizes 

with some Intermediate sizes missing.
Poorly i 

or no
Between 1 and 3gra

fi; o SP 5
55rt

nes.
o

I
3

IExample:
Silty sand, gravelly; about 20$ hard, 
angular gravel particles l/2-in, 
maximum size; rounded and subangular 
sand grains, course to fine; about 15$ 
nonplastic fines with low dry strength; 
veil compacted and moist in place; al­
luvial sand; (SM).

Hot meeting all gradation requirements for SWt-

.c

a
§

4* C 4J 
O. O M

Atterberg limits below "A" line 
or PI less than 4

Above "A" line with 
PI between 4 and 7 
are borderline cases 
requiring use of dual 
symbols-

Nonplastic fines or fines with low plasticity 
(for.identification procedures see ML belov).

Silty sands, sand-silt mixtures.cs a
35 3 
§5 1
51 3 
Is |

cu
H)

SM
§ ^ 5 ^

♦* A O
•ri m d +> o 
U CJ c c 

C O 3 rl 
Cl Oh

c 3 ^ 3 p, o 
w <

: 11"5

111 
5 c.3

O 3
Plastic fines (for identification procedures 

see CL below).
Atterberg limits above "A" line 

with PI greater than 7£ Clayey sands, sand-clay mixtures.SC aI 31S Identification Procedures 
on Fraction Smaller than Ho. 40 Sieve Size is

55t Dry Strength 
(Crushing 

characteristics)

Di latency 
(Reaction 

to shaking)

Toughness 
(Consistency 

near PL)
s

§3 s§ € 1 60Inorganic silts and very fine sands, rock 
flour, silty or cleyey fine sands or 
clayey silts with slight plasticity.

2 Comparing Soils at Equal Liquid Limit 
Toughness and Dry Strength Increase 
with Increasing Plasticity Index

£ ML For undisturbed soils add information 
on structure, stratification, con­
sistency In undisturbed and re­
molded states, moisture and drain­
age conditions.

None to slight Quick to slow Hone.. o

I 53

§ * 5
50d Inorganic clays

gravelly clays, sandy clays, silty cloys, 
lean clays.

of low to medium plasticity,> None to very 
slowCL Medium Line”Medium to highc » ■! 

CO «-i in 402
11 § 2 is i

y_

in 3 w Organic silts and organic silty clays of low 
plasticity.

Slight to 
medium 23 CO » «. -t o OL SlightSlow

Give typical name; indicate degree and 
character of plasticity; amount and 
maximum size of coarse grains; color 

r, if any; local 
other pertinent

30I3a [3 2.
Inorganic silts, micaceous or ilatomaceous 

fine sandy or silty soils, elastic silts.
Slight to 

medium
gSlight to 

medium
MR in wet condition; odo 

or geologic name and 
descriptive information; and symbol 
in parentheses.

Slow to none 20PI i? 5R :cl;a.
■fc4, rH 5 § 

|5ic
J=

10"i High to very 
high

CM Inorganic clays of high plasticity, fat clays. nighNone 75 s ml:43 isI->
s
E

03 &5? 70 80 9030 40 50 60

LIQUID LIMIT

100Organic clays of medium to high plasticity, 
organic silts.

2010Slight to 
medium

0None to very 
slow

Example:
Clayey silt, brown; slightly plastic; 
small percentage of fine sand;

vertical root holes; firm 
and dry in place; loess; (ML).

OH Medium to high

numerous PLASTICITY CHART
Readily Identified by color, odor, spongy feel 

and frequently by fibrous texture.
Highly Organic Soils Pt Peat and other highly organic soils. For laboratory classification of fine-grained soils

(2) All sieve sizes on this chart are U. S. standard.mixture with cloy binder.(l) Boundary classifications; Soils possessing characteristics of two groups are designated by combinations of group symbols. For example GW-GC, well-graded gravel-sand

FIELD IDENTIFICATION PROCEDURES FOR FINE-GRAINED SOILS OR FRACTIONS 
These procedures are to be performed on the minus Ho. 40 sieve size particles, approximately l/64 in.

screening is not intended, simply remove by hand the coarse particles that interfere

Dry Strength (crushing characteristics)

After removing particles larger than No. 4o sieve size, mold a pat of soil t0 t^e. 
consistency of putty, adding water if necessary. Allow the pat to dry completely 
by oven, sun, or air-drying, and then teat its strength by breaking and cru® "E 
between the fingers. This strength is a measure of the character and quantity o 
the colloidal fraction contained in the soil. The dry strength increases with 
Increasing plasticity. ,

High dry strength is characteristic for clays of the CH group. A typical lno*‘” 
gonic silt possesses only very slight dry strength. Silty fine sands and sil s 
have about the same slight dry strength, but can be distinguished by the fee

powdering the dried specimen. Fine sand feels gritty whereas a typical sitt 
the smooth feel of flour.

For field classification purposes, 
with the tests.

Toughness (consistency near plastic limit)

After particles larger than the No. 40 sieve size are removed, a specimen of soil 
about one-half inch cube in size, is molded to the consistency of putty. If too 
dry, water must be added and if sticky, the specimen should be spread out in a 
th<n layer and allowed to lose some moisture by evaporation. Then the specimen 
is’rolled out by hand on a smooth surface or between the palms into a thread about 
one-eighth inch in diameter. The thread is then folded and rerolled repeatedly. 
During this manipulation the moisture content is gradually reduced and the speci­
men stiffens, finally loses its plasticity, and crumbles when the plastic limit 
is reached.

Dilatancy (reaction to shaking)

After removing particles larger than No. 40 sieve size, 
soil with a volume of about one-half cubic inch. Add 
to make the soil soft but not sticky.

Place the pat in the open palm of one hand and shake horizontally, striking 
vigorously against the other hand several tines, 
of the appearance of water on the surface of the pat which changes to n livery 
consistency and becomes glossy. When the sample Is squeezed between the

the water and gloss disappear from the surface, the pat stiffens, and 
The rapidity of appearance of water during 

shaking and of its disappearance during squeezing assist in identifying the 
character of the fines in a soil.

Very fine clean sands give the 
plastic clay has no reaction, 
show a moderately quick reaction.

prepare a pat of mol3t 
d enough water If necessary

A positive reaction consists

fingers, 
nallyfi It cracks or crumbles, After the thread crumbles, the pieces should be lumped together and a slight kneading

- - «*«- - r«

S^Ko?.S' ?“If, SJflSSS =iu»r of plasticity, or
nn^nnlin type clays and organic clays which occur below the A-llne,

when
has

quickest and moot distinct reaction whereas a 
Inorganic silts, such as a typical rock flour,

021260A
Adopted by Corps of Engineers and Bureau of Reclamation, January 1952.

45



B 1

appendix b

IDENTIFYING SOILS BY A TRIANGLE BASED ON 
UNIFIED SOIL CLASSIFICATION SYSTEM

!• Appendix B contains selected quotations from "Identifying Soils by 
a Triangle Based on Unified Soil Classification System", by JackMcMinn, 
along with portions of the discussion which were published with this paper.

2. Mr. McMinn's paper with its accompanying discussion can be found 
complete and in its original published form in ASTM Special Technical 
Publication No. 254, dated I960. STP 254 is a publication of the Ameri­
can Society for Testing Materials, and the following quotations are made 
with the permission of this Society.

. . . The USCS makes no grain "size" distinction between silts and
clay particles. Rather the grain size distinction is between gravel, sand 
and fines. Fines include both clay and silt particles. Further identifica­
tion of this fraction of the sample is based on plasticity characteristics.

UNIFIED SOIL CLASSIFICATION TRIANGLE
: Purpose:

The USCS triangel Table B5 gives a more graphic, and hence more 
direct, means of identifying soils under USCS than the original organiza­
tion chart type presentation of the same material. The triangle is useful 
as a training aid to soils engineers and technicians who are required to 
learn USCS procedures, and it also serves as an abbreviated reference 
for persons already familiar with the system . . .

Salient Features:

The USCS is basically a trilinear textural classification system with 
the further refinements of (a) determination of the physical (plasticity) 
characteristics of the fine-grained fraction and (b) determination of the 
gradation characteristics of the coarse-grained fraction. The percent­
ages by weight of gravel (3 in. to No. 4 sieve), sand (passing No. 4 to 
No. 200 sieve) and fines (passing No. 200 sieve) are first determined. 
When the sample contains 5 per cent or more fines, the liquid and plas­
tic limits of the portion passing the No. 40 sieve are determined. When 
the sample contains 12 per cent or less fines, the gradation coefficients 
(for uniformity and curvature) are determined. From this, the final 
classification is made and a letter symbol assigned.

:

■;

!

:
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5 The letter symbols used with this system are as follows:

G = Gravel 
S = Sand 
M = Silt 
C = Clay 
O = Organic 
Pt = Peat 
W = Well graded 
P = Poorly graded
H = High liquid limit (50 per cent or greater)
L = Low liquid limit (less than 50 per cent)

Any soil identified by the USCS can be represented by a combination 
of two or more of these letter symbols.

Procedure for Using Triangle: J

Table B6 presents various soil types along with their identification 
determinants. As an illustration of the use of the USCS triangle B5 
take, for example, the identification determinants shown for the second 
soil in B5. The intersection of the gradation coordinates indicates 
that this material is represented by one of the following four symbols: 
GW-GM, GP-GM, GW-GC or GP-GC.

As shown by the gradation curve No. 3 in Table B6, this material is 
poorly graded. In addition, the plasticity chart shows that the plasticity 
indices of the portion of the material passing No. 40 sieve plot below the 
"A line" and the fine fraction is therefore of a silty nature. The symbol 
for this material must then be GP-GM and the name under USCS is 
"poorly-graded-silty-sandy-gravel. "

This identification should then in all cases be further refined by sup­
plementary characteristics are listed below:

3

j-

J

Fine Grained Soils:

Consistency (in situ)

Unconfined'Compressive Strength, 
or Approximate Allowable Founda­
tion Pressure, tons per sq ft or kg 
per sq cm

Description

Very soft 
Soft • • • 
Medium . 
Stiff . . . 
Very stiff 
Hard . . .

<1/4 
/4 to 1/2 

1/2 to 1 
1 to 2
2 to 4
>4

48
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undisturbed p^X a
Ratio =Sensitivity

remolded pc

Sensitivity RatioDescription

<1Insensitive 
Slight. . . 
Medium. . 
High . . .

1 to 2
2 to 4
>4

a
pc = Unconfined compressive strength

Coarse Grained Soils:

Relative Density (in situ)

Standard Penetration 
Resistance, blows per ft

Description

<10 
10 to 30 
>30

Loose .... 
Medium dense 
Dense ....

Grain Size (coarse, medium, fine)

Modifying Constituents or Characteristics 
(self explanatory):

Roots, fibrous organic, burnt organic, debris, rubble, 
cementation, roots, worm holes, chemical ingredients, 
porous structures, permeability.

Moisture Characteristics (in situ)

Dry, damp, moist, wet (limits for these vary with indi­
vidual soils and selection of a particular description 
depends on personal judgment).

Other Characteristics:

Color
Geological data (particularly information as to origin or 

type of deposition)
Provincial descriptive information (caliche, Chicago clay, 

Boston blue clay, San Francisco bay mud)
49
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As a result of work now being carried on in the field of "Soil Technol­
ogy" it should be possible in the near future to elaborate further on the 
properties of fine-grained soils. When such things as clay mineral con­
tent, ion exchange properties, and soil-water system characteristics can 
be expressed in simple terms, these properties can be appended to the 
soil description as additional identifying information.

■

;

!
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Symposium on Soil for Engineering Purposes 

VARIOUS SOIL TYPES WITH IDENTIFICATION DETERMINANTS (USCS)

Plasticity Char­
acteristics of 

Fines

Gradation Char­
acteristics of 

Coarse Fraction
Fines, 

per cent
Sand, 

per cent
Gravel, 
per centSymbolSoil Name*

Plas­
ticity
Index

(D30)7 
DIO X Liquid

Limits
D60/
DIO D60

10 1.226434SWGravelly sand, well graded...................
Silty sandy gravel, poorly graded. ..
Silty sand...............................................
Silty, clayey sand................................
Clayey sandy gravel...........................
Inorganic silt, low plasticity.............
Inorganic sandy clay, high plasticity. 
Organic clay, high plasticity.............

16' 3452601020GP-GM 70
10 40207010SM

16670 20SM-SC 10
3013302050GC

8 356035ML 5
422268302CL
6024900 10OH

* Other Factors to be Included in Soil Description:
1. Fine grained soils

(a) Consistency (soft, medium, stiff, very stiff, hard) 
lb) Sensitivity

2. Coarse grained soils
(а) Relative density (loose, medium dense, dense)
(б) Grain size (coarse, medium, fine).

3. Modifying or secondary constituent (roots, worm holes, debris, rubble, fibrous organic, ce­
mentation)

4. Moisture characteristics (dry, damp, moist, wet)
5. Color, geological data (origin or type of deposition)
6. Provincial descriptive information (caliche, San Francisco bay mud, Boston blue clay, Chi­

cago clay)
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SUMMARY AND CONCLUSIONS

1. This paper presents a simple, graphic means of identifying soils 
in accordance with USCS.

2. The soils triangle presented herein was developed for the follow­
ing reasons:

(a) To serve as a training aid for soil engineers and technicians in­
terested in learning the details of the USCS.

(b) To serve as an abbreviated reference for persons already famil­
iar with the USCS.

(c) To stimulate interest in and encourage use of the USCS as a 
common denominator for soil identification.

DISCUSSION

MR. ARTHUR A. WAGNER - The author has developed a graphical 
presentation of the procedure for classifying soils by the use of the lab­
oratory classification criteria ....

To those not familiar with the system, this paper may create a 
misconception in that it did not discuss or mention the "field method" 
for classifying soils. The discussion and example given in the paper 
may give the impression that it is necessary to have the results of de­
tailed laboratory tests, gradation and Atterberg limits, and to compute 
the values of Cq and C c in order to classify a soil. This is not entirely 
correct .... The basic purpose of the system is to define the poten­
tial engineering properties of a soil; the provision for identification of 
soil properties and cataloging them in accordance with the basic soil 
groups is just a means to that end.

The greatest value of the system is the provision for classifying 
soils in the "field" by identifying the gradation and plasticity character­
istics by visual observations and simple hand tests. To keep the sys­
tem within the same order of accuracy as the methods employed, only 
15 basic groups were established to cover the range of soils from peat 
to gravel. Although the groups are broad, the limits were selected so 
that the engineering properties of each are significantly different. It 
was recognized that a wide variety of soils may fall within one group.
To distinguish between these, a description is required in addition to 
assigning a group symbol.

The field method is used for logging soils. If the field description 
and classification are adequate, the amount of sampling and laboratory 
testing required to analyze a borrow area or foundation will be limited 
to only testing samples of the poorest, most critical, average or the 
best material as the case may be ... .
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MR. W. G. SHOCKLEY - In soil mechanics there are at least two
One is thatschools of thought concerning soil classification systems, 

soils are so diverse in nature that it is practically impossible to fit 
them into rigid categories from which their potential engineering prop­
erties may be deduced. Therefore, the soils engineer must examine 
each soil individually and classify it in terms of its potential use for the 
project under consideration. The other is that some system of classi­
fying soils must be established in order for soil mechanics engineers 
to communicate intelligently with one another. This is especially true 
in a large organization where engineering soils data may be reviewed 
by several echelons, some of which may be far removed from the site 
of the work. At the operating level, the soils technician in the labora­
tory who is charged with classifying soils feels a strong need for firm 
rules of identification so that he is not faced with decisions involving 
judgment every time he must classify a given soil. Furthermore, in 
a large laboratory it is seldom possible for the soils engineer on a 
project to assume the role of technician and classify all the soils on 
the project with which he must be concerned.

!

The writer tends to subscribe to the concept of a formal classifica­
tion system for soils in the interest of communication between engineers. 
However, the soils engineer working on a project should familiarize him­
self with the soils to the extent that he recognizes and takes into account 
the limitations of a classification system and the potential engineering 
properties of the soils with which he is working. Mr. McMinn's paper 
provides a useful tool for the laboratory technician to classify soils ac­
cording to the Unified Soil Classification System. For those who have 
need for such a device as his soil triangle, it adequately represents the 
breakdown of categories in the Unified System, and as such it can be 
used to advantage in the laboratory or office. Nonetheless, the writer 
wishes to re-emphasize the fallacy of prediction of engineering prop­
erties of soils from the blind use of this or any soil classification sys­
tem, and the need for judgment on the part of soils engineers in evalu- 
ting the properties of the soils with which he is dealing.

MR. JOHN P. GNAEDINGER - It is unfortunate that the engineer­
ing profession has not universally agreed on the terminology and sys­
tems for the classification and identification of soils. One need only 
study building codes in various cities to observe the variation in sys­
tems. The Unified Soils Classification System, however, is the closest 
to being accepted by all engineers. Since the Soil Triangle presented in 
this paper should greatly simplify the use of the system, it is an im­
portant step in establishing the Unified Soil Classification System in the 
profession.

>

:

■

My only suggestion is that the importance of density for 
grained soils and the importance of density, cohension, and compressi­
bility for fine-grained soils should be emphasized. Except for selection 
of borrow material and placement of compacted fills, most engineering 
problems are associated with in situ soils. The importance of these 
properties warrants a conspicuous mention of these properties beside 
the Soil Classification, rather than treating these important properties 
as optional in a particular classification ....

coarse-

; 5

■;
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MR. JACK McMINN (author) - With regard to Mr. Wagner’s com­
ments, it is certainly true that visual and simple hand test methods play 
an extremely important role in soil identification. In some private firms, 
visual methods are relied on almost exclusively for soil identification. . . 
An at least partially identifying name when accompanied by other verbal 
descriptive information, such as that suggested by Mr. Gnaedinger in his 
discussion, would seem quite adequate to make possible easy and accu­
rate communication between soils engineers.

Mr. Shockley's comments describe quite well the purpose and limi­
tations of the proposed soil identification triangle. The intent is to sim­
plify the purely mechanical steps necessary to categorize a particular 
soil under the Unified Soil Classification System and thus encourage use 
of the system by those firms and agencies which have not yet adopted it.

The author wishes to thank all the discus so rs for reviewing and 
commenting on this paper. Also, special thanks are due Mr. Earl B. Hall, 
Chief, Soils Section, U.S. Army Corps of Engineers, South Pacific 
Division Laboratory, for suggestions and guidance at the time this 
identification triangle was developed.
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APPENDIX C

CONSISTENCY AND RELATIVE DENSITY TABULATIONS

Consistency

Table C 1

Consistency of Undisturbed Cohesive Soils

Blows 2
per Foot1(Tsf) Rule -of-ThumbConsistency

(4)(2) (3)(1)

Core (Height = twice diameter) 
sags under own weight

0 - 1Very soft 0. 25

2-40.25 - 0.50 Can be pinched in two between 
thumb and forefinger

Soft

5-8Can be imprinted easily with 
fingers

Firm (medium) 0.50 - 1.00

9 - 15Can be imprinted with consid­
erable pressure from fingers

Barely can be imprinted by 
pressure from fingers

Cannot be imprinted by fingers

1.00 - 2.00Stiff

16 - 30Very stiff 2. 00 - 4. 00

Over 304. 00Hard

lq is unconfined compressive strength in tons/sq ft.

^Blows as measured with 2-in. OD, 1 3/8-in. ID sampler driven 
1 ft by 140-lb hammer falling 30 in. See Tentative Method for 
Penetration Test and Split-Barrel Sampling of Soils, ASTM 
Designation: D1586-58T.

Note: The rules-of-thumb and the results of the penetration test given 
in columns 3 and 4 are used only to determine the consistency of 
soils as described by the terms in column 1. The values in 
column 2, unconfined compressive strength, are given only to 
serve as a means of checking the field methods against labora­
tory methods, and this should be done from time to time. The 
values from column 2 must not be used for design without lab­
oratory verification. It is noted that unconfined compressive 
strength is not synonymous with ultimate bearing capacity.

57



■

C 2

;
Relative Density

i
i

:
Table C 2:

5
:• Relative Density of Cohesionless Soils'
;

Blows 1 
per Foot

i
Rule-of-ThumbTerm■s

(3);
1

J

(2)(1)
0-4Very loose

; 5-10Easily penetrated with 1/2 in. 
rod pushed by hand

Firm (medium) Easily penetrated with 1/2 in.
rod driven with 5-lb hammer

reinforcingLoose\

11 - 30reinforcing

I
Penetrated a foot with 1/2 in. 
rod driven with 5-lb hammer

31 - 50reinforcing! Dense

Penetrated only a few inches with a 1/2 in. 
reinforcing rod driven with 5-lb hammer

Over 50Very dense

* Blows as measured with 2-in. OD, 1 3/8-in. ID sampler driven 
1 ft by 140-lb hammer falling 30 in. See Tentative Method for 
Penetration Test and Split-Barrel Sampling of Soils, ASTM 
Designation: D158 6-58T.

Note: The rules of thumb shown in column 2 are given merely as an 
example of one of numerous simple field procedures that are 
in current use for selecting an adjective to describe density. 
Many other procedures are equally as good and column 2 is not 
intended to establish a preferred method. The results of the 
penetration test, as shown in column 3, are widely accepted as 
a standard for the terms shown in column 1.

:
:

■

i
*
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APPENDIX D

SHORT GLOSSARY OF SOIL MECHANICS AND 
PEDOLOGICAL TERMINOLOGY

1. A few of the terms used in the body of this report are defined on 
the following pages. Terms not used in this report are included if it 
is believed that they will be useful in formulating a word description 
of a soil group. Terms from the field of soil mechanics and from the 
field of pedology are used.

2. Terms and definitions are not identified as belonging to a partic­
ular field except in cases where terms are used in both fields but with 
distinctly different definitions. When such an exception occurs, the 
term is listed twice, once with the pedological definition, and once 
with the soil mechanics definition.

3. Several glossaries that are commonly available are longer and 
more complete. Many of the definitions stated in this appendix are 
from "Glossary of Terms and Definitions in Soil Mechanics", from 
the Journal of the Soil Mechanics and Foundations Division, Pro­
ceedings of the American Society of Civil Engineers, Paper 1826, 
dated October, 1958; and from "Glossary of Pedologic (Soils) and 
Landform Terminology for Soil Engineers", Highway Research Board 
Special Report 25, National Academy of Sciences - National Research 
Council Publication 481, dated 1957.

"A" Horizon

The uppermost layer of the soil profile from which inorganic col­
loids and other soluble materials have been leached. Usually contains 
remnants of organic life.

Alluvium

Soil the constituents of which have been transported in suspension 
by flowing water and subsequently deposited by sedimentation.

Atterberg Limits

The water contents that correspond to the boundaries between the 
states of consistency of a remolded, cohesive soil. See Liquid Limit, 
Plastic Limit, and Shrinkage Limit.

"B" Horizon

The layer of a soil profile in which material leached from the over- 
lying "A" horizon is accumulated.
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Binder (Soil Binder)

Portion of soil passing No, 40 U.S, standard sieve.

Blocky (or Block-Like) Structure

The soil aggregates have a blocky shape, irregularly six-faced, 
and with the three dimensions nearly equal. The size of these aggre­
gates ranges
This structure is found in the B horizon of many soils. When the edges 
of the cube are sharp and rectangular faces are distinct, the type is 
identified as blocky or angular blocky. If sub-rounding is apparent, the 
aggregates are identified as nut-like, nuciform, or subangular blocky. 
See Structure, Soil (Pedologic definition).

from a fraction of an inch to 3 or 4 in. in thickness.

Bulking

The increase in volume of a material due to manipulation. Rock 
bulks upon being excavated; damp sand bulks if loosely deposited, as 
by dumping, because the apparent cohension prevents movement of 
the soil particles to form a reduced volume.

"C" Horizon

Undisturbed parent material from which the overlying soil profile 
has been developed.

Calcareous

A term used to describe soils containing sufficient calcium carbon­
ate (often with magnesium carbonate) to effervesce visibly when treated 
with hydrochloric acid.

Catena

A group of soil series within any one soil zone developed from sim­
ilar parent material, but with contrasting characteristics of the solum 
due to differences in relief or drainage.

Coefficient of Permeability (Permeability) (Soil Mechanics definition)

The rate of discharge of water under laminar flow conditions through 
a unit cross-sectional area of a porous medium under a unit hydraulic 
gradient and standard temperature conditions (usually 20° C).

Note: Where the term Permeability is used in this report it is in- 
tented that the Soil Mechanics definition is applicable. Contrast with 
Permeability (Pedologic definition).

Columnar Structure

Structure with the vertical axis of aggregates longer than the hori­
zontal and with rounded tops. When the tops are level and clean cut, the
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structure is identified as prismatic. Found in the B horizon when 
present. See Structure, Soil (Pedologic definition).

Compaction

The densification of a soil by means of mechanical manipulation.

Compaction Curve (Proctor Curve) ( Moisture-Density Curve)

The curve showing the relationship between the dry unit weight 
(density) and the water content of a soil for a given compactive effort.

Comp re s s ibility

Property of a soil pertaining to its susceptibility to decrease in 
volume when subjected to load.

Concretions

Hardened local concentrations of certain chemical compounds, such 
as calcium carbonate, and iron and manganese oxides, that form indu­
rated grains or nodules of various sizes, shapes, and colors.

Consolidation

The gradual reduction in volume of a soil mass resulting from an 
increase in compressive stress.

Crumb Structure

Small, soft, porous aggregates irregular in shape and rarely larger 
than 1/3 in. in size. If the aggregates are relatively nonporous, they 
are identified as granular. Both types are found in surface soils, espe­
cially those high in organic matter. See Structure, Soil (Pedologic defi­
nition).

Degree of Saturation (Per Cent Saturation)

The ratio, expressed as a percentage, of (1) the volume of water in 
a given soil mass to (2) the total volume of intergranular space (voids).

Density

See Unit Weight. Usually means dry unit weight or unit dry weight.

Note: Although it is recognized that "density11 is defined as mass 
per unit volume, in the field of soil mechanics the term is frequently 
used in place of unit weight.

Drainage, Soil

Refers to the rapidity and extent of the removal of water from a soil, 
in relation to additions, especially by surface runoff and by flow through 
the soil.
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Drift

Material of any sort deposited by geological processes after 
having been removed from another. Glacial drift includes the mate­
rial deposited by glaciers and by the streams and lakes associated 
with them.

Dry Density

See Dry Unit Weight.

Dry Unit Weight

The weight of soil solids per unit of total volume of soil mass. 

Field Moisture Equivalent

The minimum water content, expressed as a percentage of the 
weight of the oven-dried soil, at which a drop of water placed on a 
smoothed surface of the soil will not immediately be absorbed by the 
soil but will spread out over the surface and give it a shiny appearance.

Flocculent Structure

An arrangement composed of floes of soil particles instead of in­
dividual soil particles. See Structure, Soil (Soil Mechanics definition).

Free Water

See Ground Water

Frost Action

Freezing and thawing of moisture in materials and the resultant 
effects on these materials and on structures of which they are a part 
or with which they are in contact.i
Granular Structure

Small, soft, relatively nonporous aggregates of soil particles ir­
regular in shape and rarely larger than 1/3 in. in size. This type of 
structure is found in surface soils, especially those high in organic 
matter. See Structure, Soil (Pedologic definition).

Ground Water (Free Water) (Gravitational Water) (Phreatic Water)

Water that is free to move through a soil mass under the influence 
of gravity.

Honeycomb Structure

An arrangement of soil particles having a comparatively loose, 
stable structure resembling a honeycomb. See Structure, Soil (Soil 
Mechanics definition) and Primary Structure.

i
!
:

1
;.
!
i1
i

.
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Horizon (Soil Horizon)

One of the layers of the soil profile, distinguished principally by 
its texture, color, structure, and chemical content. See A horizon, B 
horizon, and C horizon.

Laminated Structure

Platy structure with the plates or very thin layers lying horizontal 
or parallel to the surface. See Plate-Like Structure and Structure, Soil 
(Pedologic definition).

Liquefaction

The sudden large decrease of the shearing resistance of a cohesion­
less soil. It is caused by shock or other type of strain and is associated 
with a sudden but temporary increase of the porefluid pressure. It in­
volves a temporary transformation of the material into a fluid mass.

Liquid Limit

a. The water content corresponding to the arbitrary limit between 
the liquid and plastic states of consistency of a soil.

b. The water content at which a pat of soil, cut by a groove of 
standard dimensions, will flow together for a distance of 1/2 in. 
under the impact of 25 blows in a standard liquid limit apparatus.

Loess

A uniform aeolian deposit of silty material having an open structure 
and relatively high cohesion due to cementation of clay or calcareous 
material at grain contacts. A characteristic of loess deposits is that 
they can stand with nearly vertical slopes.

Mac restructure

Structural features of a soil that are visible to the naked eye.

Massive Structure

Large uniform masses of cohesive soil, structureless. See 
Structure, Soil (Pedologic definition).

Maximum Density (Maximum Unit Weight)

The dry unit weight defined by the peak of a compaction curve.

Maximum Unit Weight

See Maximum Density.

63



D 6I
>

■

Modified Loess

A soil that is a loess that has lost its typical characteristics by 
secondary processes, including immersion, erosion, and subsequent 
deposition; chemical changes involving the destruction of the bond be­
tween the particles; or chemical decomposition of the more perishable 
constituents such as feldspar.

Moisture Content (Water Content)

The ratio, expressed as a percentage, of (1) the weight of water 
in a given soil mass to (2) the weight of solid particles.

Mottled

;

i
i

1
!
5

1;
\
\
‘

i Irregularly marked with spots of different colors. 

Neutral Stress (Pore Pressure) (Pore Water Pressure)
1
!

; Stress transmitted through the pore water (water filling the voids of! the soil).
:

Nut or Nuciform StructureI
A block-like structure with apparent sub-rounding. About 75 mm 

in size, usually. See Block-Like Structure and Structure, Soil (Pedol- 
ogic definition).

Parent Material

The relatively unaltered, unconsolidated mass of material from 
which a soil profile developes.

i Pedology

The science dealing with the soil as a natural body.

Per Cent Compaction

The ratio, expressed as a percentage, of (1) dry unit weight of a 
soil to (2) maximum unit weight obtained in a laboratory compaction 
test.

i

i;•
i
i Percolation

The movement of gravitational water through soil. See Seepage.

Permeability (Pedologic definition)

That quality of the soil that enables it to transmit water or air. It 
is measured in terms of rate of flow through a unit cross-section of 
saturated soil in unit time.

II
i

;
i
5 64
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Permeability (Coefficient of Permeability) (Soil Mechanics definition)

The rate of discharge of water under laminar flow conditions 
through a unit cross-sectional area of a porous medium under a unit 
hydraulic gradient and standard temperature conditions (usually 20° C).

Note: Where the term Permeability is used in this report it is in­
tended that the Soil Mechanics definition is applicable.

Plastic Limit

a. The water content corresponding to an arbitrary limit between 
the plastic and the semisolid states of consistency of a soil.

b. Water content at which a soil will just begin to crumble when 
rolled into a thread approximately 1/8 in. in diameter.

Plasticity

The property of a soil which allows it to be deformed beyond the 
point of recovery without cracking or appreciable volume change.

Plasticity Index

Numerical difference between the liquid limit and the plastic limit.

Plate-Like (Platy) Structure

Flat aggregates of soil particles with vertical dimension much 
less than the horizontal dimensions, found most often in surface hori­
zons, but may be found in the subsoil as it is often inherited from the 
parent materials. See Structure, Soil (Pedologic definition).

Primary Structure

The arrangement of the particles in a soil is the primary struc­
ture. See Flocculent Structure, Honeycomb Structure, and Single- 
Grained Structure. Compare with Secondary Structure. Also see 
Structure, Soil (Soil Mechanics definition).

Prismatic Structure

Elongated column structure with level and clean-cut tops. If the 
tops are rounded, the structure is identified as columnar. Found in 
the B horizon when present. See Structure, Soil (Pedologic definition).

Profile (Soil Profile) (Pedological definition)

A vertical section of the soil through all its horizons and extending 
into the parent material.
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i: Profile (Soil Profile) (Soil Mechanics definition)

Vertical section of a soil, showing the nature and sequence of the
weathering, or both.various layers, as developed by deposition orI

Quick Condition (Quicksand)

Condition in which water is flowing upwards with sufficient velocity 
to reduce significantly the bearing capacity of the soil through a decrease 
in intergranular pressure.

Relative Density

The ratio of (1) the difference between the void ratio of a cohesion­
less soil in the loosest state and any given void ratio to (2) the differ­
ence between its void ratio in the loosest and in the densest states.1

.
Residual Soil

Soil derived in place by weathering of the underlying material.

Saturated Unit Weight

The wet unit weight of a soil mass when saturated.

Secondary Structure

Structure that developes after a soil is deposited. This structure 
is often produced by shrinkage, caused by drying of cohesive soils. 
Cracks form which separate the soil into irregular or more or less 
regular blocks which are secondary particles. The cracks may later 
fill with some other soil to form a monolithic but non-homogeneous 
mass. Faulting, brought about by landslides, also may produce a 
secondary structure. Compare with Primary Structure. See Struc­
ture, Soil (Soil Mechanics definition).

Seepage (Percolation)

The slow movement of ground water through the soil.

Sensitivity

The effect of remolding on the consistency of a cohesive soil.

Series (Soil Series)

A group of soils developed from the same parent material, having 
similar soil horizons, and having essentially the same characteristics 
throughout the profile except for the texture of the A, or surface horizon.

!

::
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Shrinkage Limit

The maximum water content at which a reduction in water content 
will not cause a decrease in volume of the soil mass.

Single-Grain Structure (Pedologic definition)

No aggregation of the particles, such as in dune sand. (Other 
pedologic terms for structure are for aggregations of particles. See, 
for example, Granular Structure and Crumb Structure).

Single-Grained Structure (Soil Mechanics definition)

An arrangement composed of individual soil particles; character­
istic structure of coarse-grained soils. See Primary Structure.

Slickensided

A secondary structural feature of some soils that is produced by 
movements along the walls of joints. A soil is slickensided if it has 
inclined planes of weakness that are slick and glossy in appearance. 
See Secondary Structure.

Soil-Forming Factors

Factors, such as parent material, climate, vegetation, topography, 
organisms, and time involved in the transformation of an original geo­
logic deposit into a soil profile.

Soil Stabilization

Chemical or mechanical treatment designed to increase or main­
tain the stability of a mass of soil or otherwise to improve its engineer­
ing properties.

Solum

That part of the soil profile, above the parent material, in which 
the processes of soil formation are taking place. In mature soils, this 
includes the A and B horizons, and the character of the material may 
be greatly unlike that of the parent material.

Stratified (Pedologic definition)

Composed of, or arranged in, layers. The term is applied to geo­
logical materials, as stratified alluvium. Those layers in soils that 
are produced by the soil-forming processes are called horizons, while 
those inherited from the parent material are called strata.

Stratified (Soil Mechanics definition)

Composed of, or arranged in, layers. Stratification is typical of 
soils deposited under water. If the individual layers are not thicker than 
about 1 in. and are of roughly equal thickness, the soil is called laminated
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Structure, Soil (Pedologic definition)

The aggregation of soil particles into clusters of particles, which 
are separated from adjoining aggregates by surfaces of weakness. 
Structure is judged by observation, by breaking of clods, or by dropping 
of clods. If the clods are easily broken with cleavage planes visible 
the soil is structured. If there is difficulty in breaking the clods and 
an irregular surface results then the soil is non-structured.
Like, Columnar, Crumb, Granular, Laminated, Massive, Nut or Nuci- 
form, Prismatic, Single-Grain, and Vesicular Structure.

Structure, Soil (Soil Mechanics definition)

The arrangement and state of aggregation of soil particles in a 
soil mass. See Primary Structure and Secondary Structure.

Submerged Unit Weight

The weight of the solids in air minus the weight of water displaced 
by the solids per unit of volume of soil mass; the saturated unit weight 
minus the unit weight of water.

Subsoil

See Block -

a. A soil which lies beneath another soil and is unlike the upper 
soil in some distinctive way. For example, the natural or undis­
turbed soil on which a fill is placed is often called the subsoil.

b. In pedology, subsoil refers to the B horizon of soils with dis­
tinct profiles. In soils with weak profiles, it is the soil below the 
surface soil. For pedologic uses, it is considered an undesirable 
term.

Surface Water

Refers to water that occurs on the surface of the earth as opposed 
to water that occurs within the voids of a soil mass.

Transported Soil

Soil transported from the place of its origin by wind, water, or 
ice and redeposited.

Ultimate Bearing Capacity

The average load per unit of area required to produce failure by 
rupture of a supporting soil mass.

Unconfined Compressive Strength

The load per unit area at which an unconfined prismatic or cylin­
drical specimen of soil will fail in a simple compression test.

68
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Unit Weight

Weight per unit of volume. See Dry Unit Weight, Maximum Unit 
Weight, Saturated Unit Weight, Submerged Unit Weight, and Wet Unit 
Weight.

Vesicular Structure

A soil structure containing many small cavities, or pores, smooth 
on the inside as though formed by gas bubbles. See Structure, Soil 
(Pedologic definition).

Vane Test (Vane Shear Test)

An in-place shear test in which a rod with thin radial vanes at the 
end is forced into the soil and the resistance to rotation of the rod is 
determined.

Void

Space in a soil mass not occupied by solid mineral matter. This 
space may be occupied by air, water, or other gaseous or liquid ma­
terial.

Void Ratio

The ratio of (1) the volume of void space to (2) the volume of 
solid particles in a given soil mass.

Water Content (Moisture Content)

The ratio, expressed as a percentage, of (1) the weight of water 
in a given soil mass to (2) the weight of solid particles.

Water Table (Pedologic definition)

The upper surface of a zone of saturation in the soil or parent
material.

Water Table (Free Water Elevation) (Ground Water Surface) (Free 
Water Surface) (Ground Water Elevation) (Soil Mechanics definition)

Elevations at which the pressure in the water is zero with respect 
to the atmospheric pressure.

Note: Where the term Water Table is used in this report, it is in­
tended that the Soil Mechanics definition is applicable.

Wet Unit Weight

The weight (solids plus water) per unit of total volume of soil mass, 
irrespective of the degree of saturation.
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ENGINEERING SOIL TEST DATA FOR SOME
SOIL SERIES

PART I: INTRODUCTION

The data in this tabulation were obtained by the Division of 
Physical Research, Bureau of Public Roads, U. S. Department of Com­
merce, by testing soil samples collected by Soil Survey, Soil Conserva­
tion Service, U. S. Department of Agriculture, in county or area soil 
surveys. The soil samples were obtained and tested primarily so that 
adequate engineering interpretations could be included in the specific 
soil survey reports. Consolidation of the soil test data into one table 
was made by request of the Technical Studies Program, Architectural 
Standards Division, Federal Housing Administration, for use in evalu­
ating the physical properties of soils on which buildings are constructed.

It is anticipated that the table of data will be of interest to many 
engineers and scientists, and some of these persons may not be familiar 
with all the types of information given in the table. Consequently, this 
introduction contains a brief description of pedologic concepts.

Figure 1 is a generalized soil profile showing the principal hor­
izons or layers in a typical soil. Such profiles develop from parent ma­
terials, such as weathered granite, sandstone, or stratified alluvial de­
posits, that are subjected to various types of weathering. The type of 
soil profile that develops is dependent upon the climate (rainfall and tem­
perature), vegetative cover, topography, and the length of time that the 
materials have been subjected to weathering.

Figure 1 shows that the surface layer or A horizon represents 
a zone of leaching and also accumulation of organic material while the 
subsoil, or B horizon, consists of a zone of accumulation of material 
(clay, colloidal organic matter or chemical substances) removed from 
the A horizon due to the action of percolating water. The C horizon 
represents weathered rock or other material that has contributed to the 
A and B horizons. The D horizon is composed of any material that has 
some influence on profile development but is not the parent material of 
the soil.

Since soil profiles are developed with definite describable 
characteristics, soil scientists are able to identify, classify, and map 
the various kinds of soils. A name such as "Charlton" is applied to 
soils that are similar in characteristics and occur in similar environ­
ments. Such a mappable unit is known as a soil series. The soil type 
is a subdivision of the soil series based on the texture (particle-size 
distribution) of the surface horizon. Thus the Charlton series may 
be subdivided into two soil types, such as Charlton fine sandy loam and 
Charlton loam.
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Samples have been collected from a variety of soils throughout 
the United States, hence, special symbols are used to designate certain 
conditions or characteristics in the soil profile. The aj6rNSU
scripts used with the principal soil horizon symbols A, » , an to
indicate special conditions or characteristics. The subscripts are use 
alone or in combination, always with one of the principal soil horizon 
symbols. For example: (1) Bb indicates a buried B horizon, (2) Bbca 
indicates a layer of accumulated calcium carbonate in the B horizon, and 
BCa means that this horizon is buried.-;

b. - buried soil horizon

- a layer of accumulated calcium carbonate

- a layer of accumulated calcium sulfate

ca.

cs.I
- a layer of reduction characterized by the presence of 

ferrous iron and neutral gray colors produced by a proc- 
involving saturation of the soil with water for long

"G" indicates

g-

ess
periods in the presence of organic matter, 
intense reduction.

"M" is used to indicate an irre-m. - a horizon that is indurated.
versibly indurated horizon or layer.

r. - applied to D layer of hard rock like that from which the C 
horizon has developed.

t. - outstanding accumulation of clay in the B horizon

Additional information on formation, classification, and map­
ping of soils is given in the Soil Survey Manual, U. S. Department of 
Agriculture Handbook No. 18, 1951.

Most of the samples that have been obtained and tested were 
taken from the principal soil horizons of the more extensive soil series 
occurring in the various counties. Wherever a single profile has been 
sampled for a specific soil type, some departure from the test data may 
be expected at other localities. Where the soil type has been sampled at 
two or more localities, the test data usually show a considerable range 
in physical properties, but the data may not represent the maximum 
variation for the soil in that county.

The soil samples were tested by the Soils laboratory, Bureau 
of Public Roads, in accordance with standard procedures of the American 
Association of State Highway Officials. The test procedures are described 
in "Standard Specifications for Highway Materials and Methods of Samp­
ling and Testing, Part II,11 The American Association of State Highway 
Officials, Washington, D. C. , 1955. The moisture-density data were 
obtained in accordance with A.A.S.H.O. Designation T 99-49, which 
is the same as the current (1959) Method A of "Standard Method of Test 
for The Moisture-Density Relations of Soils Using a 5. 5-lb. Rammer 
and a 12-in. Drop, " A.A.S.H.O. Designation T 99-57.
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Horizon of maximum biological 
activity, of eluviation 
(removal of materials dissolved 
or suspended in water), or both

SURFACE SOILA

Horizons of illuviation (of 
accumulation of suspended 
material from A horizon) or of 
maximum clay accumulation. 
Blocky or prismatic structure.

SUBSOILB

The weathered parent material. 
Occasionally absent. SUBSTRATUMC

Any stratum underneath the soil, 
such as hard rock or layers of 
clay or sand that are not parent 
material but which may have sig­
nificance to the overlying soil. 
Frequently absent.

D

Figure 1. - Generalized soil profile showing 
principal horizons.

77



1 ?1

■ -i *

'■ MI

-If ; 
:: I jl

■ -1 '

V"

{•: •. .. .;j = ■: f ? *.•

*»r iii • ~ :-
••• v*

- .• ;; 
li :5

:

• : •;> 1
■>

• '-1 ; .■•

;
'A

-.V ..

.

If ;1
’j; .

.
•- . r t

' ■ . ■ '

5* -;■!
n i- •

■ t 5
Is

■ ? %

■i i . :‘s

■il I!m.
: : 'i|

i 11
I

: - :?r »



SECTION II

ENGINEERING TEST DATA FOR SOILS SAMPLED

BY SOIL CONSERVATION SERVICE AND TESTED

BY BUREAU OF PUBLIC ROADS



1;■ :0,
•i

I !
:* 3

\

: ^ ■

t.! s-j -
1 i>

. •• )
-1 ■:

■

. >i i

w
-i

' ■' . . ' • rv> / ■

•t-a-vj* tj u - '*:p'-'ci

4
.

i!1
H
i;;

■1 "■
‘ s!

•f I ■
" i * ’■: 
Ml I

'

"Mi.

*13i!
L.I • : J



s

51
1 d ddu d3I sldd ess s^ddddd dddd dddd dddd sjsSa s

!
v> ia v\ «o tv r»-

H

CO r4 rH a> r4 (* «H #H co ^ _ *-4 CD CO SO N(hN4 4*ON
v^*VO WW wV) NO v» w *W'>0 >0 V-* V/V/\^ w\ v-r*_#W WWW V\V>V^

nn 3S3i 3*33 3133 311 1 1333 113 iii 111
IIIS|

o

VO3

Hi S*SS&5& 2&RIS 38S2 ftS" S '*52'° 40 P- 
«-l r-1

w%w\*>

II %'SXX 8PRP SPSS R 8&R SS8 &&&
5o

* I3 85^ a-sas ass* fj 4 O 
w> w\s»i?s »R8 StttfI 8

E I ii ftPSi,P RP*P R3** £333 SS83 3&* sas3*8 8
5 |

5I J 3 ©3,3Somo firtSS 5 P'0 Rd3 333 ss» ££»ll
i2

8
©as* ftsse sss© rssr £3© £35, ££fc RRS&5

is
3Q 11 8SS8: 8£®S fcSSR ££££

888 888 8888 8888 
H H H H H H H ri H H H H H H

8 8R8R 88© 888 
HHH

££»! £St8J iS5

I5 11S sss 888
HHH

R&8 RS88
Ji 1 ii SR SR3© RfcRI|

8888 888
H H H H HHH

88 
H Hii

d
ta

|] | &n2h S&J?» S85S 3»3

]d| S2S2 1§§3 $123 22*3 222

s J?J?» 323I
I

& 3323
£
CL.

I s aas as© &&a
HHHH HHH HHH*

d Ssg
<
o

S
■4^00 -4 ^o’p

4

c?! ■4 « o’n 4 44 ■4■4 * m o440 Mi

j i3j| slit "III mi 4a I sill III ?5f I3iis ia§5
3< aA : °. sll 15 m 8 3? iaa m «•a__S

35 3ill ?|ri ii : H

I j j 5 S
ss I©o 32t H J 85 «

a - i ti 2

N I£ H£ a*H &a" Ii 1
2/»■d-

©
H
© t I2 6 31 1 1I &

I
H!HlH5 a 3

H*
O

JJ
© ! :& 3Ho 5 5

©
3 si 8 53 a IH

Si3 35



'

!

S g 8gg
gg£ gas asiaI g 8: £sgg i$s ggg gggg gggg ggggs 5 ggg

!

2~s* sel rSS S5S* SsSS SSS^ §S3 3^ Sv?? ~iS«x* m mi m^ mi m m Hi j» m
3

**
ft&ft bftft "28 *32Hi o» r<3233 2222 S223w'322 v'2°' 632

;
■- 2SS artsI! 22*3 333 6 66 666S83S S22 622 rtrtrtS 8S8SI !3

o
* 5l I ass aasj»S2°- «*-o»r\«*&* s?rtsa artss2S&8 as0' ssrt

i 23 £ 22*oisr' *a-*rtRSrt «rtss as** 8f?3283* 22a 2as1 § $
II I $53 ssj.s28* sasss*rt s*ss sssa 33rtS383 S38 S3>®1!

1
£;
1£ ?I saa *rtrt £S>S«N«

3 NH$2R2 *®83 ®®32S3®® 222 8Srtis
Q u £88 2SS

#H r*4 *H

* *3

£2£ &S*

888 888 
HHH HHH

*8S® **£* **£S

I S* SS« 8888

SrtS§*2& 883 *8* 
8*8 388
H H H H

I *3
§ III 8SS|
I * S&*23 coco o. C*I 8 SRI i|I §* I 888 88 88

H H f-< rHI§
5 i

!

il_ _ i aa®a S3a saa 22® 223 2 r4 wi 282 232as22 3222 2223£
S £

1 M i ssss sss ass ass* ssss asaa »as ass sas as* as*S5 sa 5|<
o

s ii 
IT

1 Jo4 n o^> 4 m J o8
4 n o°o 4 rn o°o 4 « 4 fo 4 if o4R 4«o 4« OI:

i i 1 lift sit ssi 4ll i*a 2S|| 3ll 3h 3ft sa sas <11
£ a

3-^
* 9 ? sa |
53 3 n 1g 1: H -< ■
O ► •« • 
■ 3H4» 
flr4 o a 
OH • • 
o i < B

a„ 3 •< • •< 
•o S 3111!I i 1 I 1£ 4

I: a iIXH 3 58« i l l i l
ill ill 1

n£
a a!

I 1 2 &

1s
o

*a 3
•H

1 |1
1

S
o

i 5 2 1 I
rHiia i I 84

4

; ^2
r

1



il

I S 8 8 8 a 3
saaa «a a sigg «£gg se ^ ss 38 ss

88
8 5

1 3s: o22 ~S - S3 28ww WWW H w ^s«*sN /^ww ww
_ VO V> j* >© V> Sw'O Sww wV) r* V%v© ww

^ cj rj. ci rj cj- ^>ocj ^ ^ ^ ^ tj-ci cj- cj ^

88 8S 82ww ww ww

>0 'O VO V© V>V0

id id id
44 A -4 44

*
5^§

|

Hi H NVO C»NO» 0*0»N 
HHN HH HW"38 "83 SR S'" SR R3 RR

!* 83,3, S3® 3RS RSR RSR RR R8 <?v Os. Ov V\ VO «H
« *\ v%c% v© v%

9o
Is 3RR 388 333SR3 003S RS 32 RR R1" R£§

J Iu- RSS RS? *R2J 888 3R3 W P- 
v\v\ sa 83 sa ss

5 fI I 3£R £36 8R8RR" RRS 3£ SR 3£ £8 3351
2

£
2 RRR Rfi® 333 833 R®8 33 38 ££3®5>- *o H £38 33S 833S3R 8S3 8 88 

r-4 rH
83 33 38

§* I

5 i
s ! il 88® £33 3£R

H H
8 383 S3S 

888 883
r-4 r-4 t-4 <H 0-4

£3® 888
HH H 8

?I I :i R8 3£5 ijs 888 
H Hi8=!a f ii ] 322 383 833 333 333 83 83 83 33 83

1 288 883 833 SS8 838 33 33 33 32 33
^ H HH HH H H HHH H H H r-4 r-4 H H

s
I

S3s
i ME2 s 3a
£<
O

5
►- s 

11
I ^ o ■<o ^ o■««o -*«o ■« W o ■*«■4 n o A « oI

£ i s§! s|s 2Si s5« jJf SR 5| 3JU383 ** *i&s
2 4 33

O
2 ii i 

° € °

3 r11 i

tz
O H **r 2 1E5 13I 89 05 : ll Ia a II 1 -9 I g* 3 J 2s

J
If

I 2 £a§ 4I « « 3i i 1 i
2 2

l$5 I I fi I3r! £
O

2 5 222 o

3
r-4

!
H 3 3 59I

5

KK| *>5
■

a
| 3
H H

I I
21

2

S

S i
«



.

I

!

ddd2 d8dd 8d' 3dS ^6 Bdd ddsids sSdd s2dd s^Bd3I sisSd ddifcsS dddd! !
>o^S Sssi ^SBs oJl S«oI SSS ssSSS s^I sss SvoS

in hm sm jii jrt yn xxm m m m
5
54

*2" *83S23"a-* asaas •‘a**** 3282 *»& *!?»

I! SSR RRS8 SRttR fcSWt 8RR 8R2RR RSR ft&8 8£R
S 5 =
o

3*3 a*2&s ass ^aa £3RS*£ 2RRI 8R8 3332 S8*»s I£i I I *&a*RR 3*82 RRRR 33S SSR 8RR a*8R3 RRRU- I

1 5
3££ Sd3 888 822 582I W 828223 S£££ 2322i: !* 8£8 ***** 2£8B $£S 3 82$; 8232 S-SS 222 W'O'O

©CON £>£8i 5 is. 2 5 2£R££ £2£8£® 2882 £832 2® 55 £88 *3S £S8 888
HHH

Q 1 H5
I hii RR£ £882 R8£8 

2S8 S *8 £ ££

^4N w^r\o 
V^O*Ov NON 8 88888 

H H H H H £82 ££Rs itsi 32£ 828 R R £££5
I 288 R££888 8 88 8 88

HHH M MM M MM
8 8 
M M

888 
M M Mi§

a 5 I! I 882 2232 8232 232 288 £23 22232 223 223 282i
8 SI§

1 | h? ^ s§a S3S5 sI2a S3* 33a *aa aaSSS 333 131 333 
a s 1 a
|
<
o

a
►- !i 

i! T
^*o 4Boo

‘ *>
^ 4 *?*f O■4MO 4«o 4*0I 4*04*o ■4*0

■4

! I
i 32? nt! 223| x?a ig* 2Si 32^5 jJ* j5? 3?«5 (5z

1
3a
lU I h §2 fl~

H *4 0
# #4*

3 3l
II1! i 3 I

3
M

ft* g ft* •

If l!
3 *■ 2

is ii 3£ 3- I
o *t c

r 0

1n
6 « i a* «

i | s s

« i ift H ■ a d
M

ft* & iI « a'i8 t i f t €8 a8 3 3 2s £ £ Ss
3
M1 !i

M

; a 3
M I i5

S 3
M

2I II
M

3 fc s
■a a2 8?3S3

i = 3 Ir IS2 £ £:
!
1 :

:j ••■



M95)
1 B 8 88

S6£ 99S 383 Sftsi dds
8& 33 3 B

3S sJs3 ^33 sisi S^3 a?&&
3 3s

I i

i SHc-rJc « 85 S /> ■—*
«-»0<^* o -—•• O ^
2~CO S'O'o 2\o5 w£ wS

31 111 3533 il3 111 113 111 11 11 535
Si.

2JS 33°w N «-» w _ _
W\wJ5 W% ^'O 
i'O'O NNN
444 444

3 2S 5SS 3331
Us >'■>'0 j> r\-* ftftS*855 558 •l»C'-N *Ra *l?3 'OH »0 W\ 

H H HI H ft&ft^53
iM

S>38> 8X3 R8 &&R 6*38 858 5X8 83P 8PX SR SX &&&Ioc *
J f 885 &RX <*«D O >o\o N H 'OH N'O^

H H H H H'OH N O-'O 
HO n HWH583 88 81?3 is I 'OH VOOO» 

H H H H ""as 3fJS f\«nXX5 SPfc 585 dSX »sa 3S SRo J!
§ fI 5,8 385S&3 £8® S*"8S 585 £®3 888 888 550 S3I1*£

i2 XXX 885 R8 S8P 5*88 8X8 888 8X8 8X8

88 888 H H H

5X 3855>- 2 33 5R 88S8i8 X85 O'O'ON OHN
o»o»o*o* o*^o»883 XX8 8X8Q 11i js0 ! 88 88 888 

H H Hi II* 888 3R PXX 8888 888 
H H H H H H H 88 

H H883^cia
!5

5 X8 388 RX 8S3 8$
SK 8i 88 88§ 83 8R3 88 

H H
d
a >

6 855Jj 55 558,55 RS5 85 35fJ 8355 553 355 585 583i£ I S30
i i * *25 **5 IS Is* S°3S 225 23S 2*1 Sis S3 32 113Ms t

i 29
8<s I MM MM4MO «<«0■*<io -<oo •4 0 •* ooii5
H So

■ i5f sJ ii| iljj ill ™ °4l aft It II 3i|£2
UJ
z ! i <4
§ IJ 431 5<J I Sio 1 a

H?
<H«•

H O

2? 35 J
H

S I!ti 9 U

aj || J” I1I 61» I*o •
I 3* 3 J 33 5

5

= i 26 2 2 
* I

3
■a I 1I1 W»5H 32 o"aj js s |c i 1

jjs i
I1 5i |H H

|1 45
T
H !

H

!
H

& 1 1 I
H3 1;3

H

H

I a i*j? 5u
*« O

1%«I aad H

jl "IS aa i5 13I I 1ii1a%«
1“I A

«



1 I d d ddg dd d
siddd siddd gas a lB g d dg

BS 68 BS SS gd^g iaI;
3 dd dd

8
H 'OBOO^ O' H

S'O'Ow- SSww wNO •A'O V>ww www ww W>

iin tin liil in ns ssi
S|

*H pHvo£
H H

•* S -ti jt w woh n ft ft ims is
°x 5555 ST1 2

*S3 22*2"*111 •S8S“S8S '"aSSftS 63 *2 as "•^a <*a

ii a art rtrtartSSrt R°$8 rt&8ft?, 68 ftrt *8 S88R rt*s 53
o

,13 aa& art*s&ss a«8& *3*2 HNO
NHH"3 "'S SSS8 S3

J I *» "8 '“S &rtrt« artrtrt &a8 Sfcrt 8£3S» 88S8 rt«J1

I {:» 1 a?; as 88 x*8S xsas 8883 883 $££ ££»«s»© 38Ii
5

£
2 as art a* 88 «3S,g Efc 8888 ssss

888 8888

8 § 8888
H H ri w4 r4 r<

fcSrt 38S 88S88882
6- *O I H 88 88 88 

H H H r* 8888 SS88 88X3 *82 888 51885

i« hii 88 
H H I 8888 88

H H H H H
8883, 8©1t 888 888

{I a 8 88 X&X 888 888 
H H

8 888
M HHH

I i
8 8 8883a i

I
in sr? 2*25 saas as as 2555 SSSS asss asa aas sss£

§
i I M1 S3 S3 3a ** aaas as 

* i 4j SEES aSa* SS^S *a* aSa 3a*5
ag
<
o

s ■in
* 4Mmo 4N ^ndo■4« ■** -4M ■*« Xo

i i ‘4 512$ 3J ilil 3S aSJi :3?* st|| x|| aJJ nfft £i
£ 5J. 3 II :? t

a* oji 
82

1 «*5 a*» 23 iM

a A 8*i1 V 1 s92
w* a •3 : K1 I 3 I3* I i I S' sI i 1i

!
■
x2 a aH

9 2a
a

sl l l
i i s

H

>1 i 2 a />■

Aa : 1 a a
2 & &

* X & X1
Hs 2 2 2&

-
3

pH1 3
H= 1 13I 3

Hi
i

•3 aa
i K a2 3

#H

4»
•s9 s: !; Il I I E

i i 3i

W
F

is



553
%-i ?HI
555

s
1 d dd 8 d8

s£dd B S 5
Sd 8B0

8^99S 9d^99 88s2
8

S^So i

i 58 O 82 ® 2S SC?
W»<% ^“.'_/V

^wv>V\w w*<> ^ V\v) vy»0 v>

hift jsiis ni
o ®

S^S ^Svo £®® sS
in m lii

si ~®Sd
3 Id 5 Stt

IN &3S o © v\ 
H H '"sassS22 "22 ssa "2a

M &S3 sas *** S838S RSSSS 8*3S3* SP>5>
1
fit

Jy a asss838 ■*** *83 23 ^ aaa ®2S??2 ~fc2
®

■aI aaal88®, 7Jll £3 3 S3<*£$- 23 8®S3 28238S3
5

♦>

QNM • dw'*4 i Ii i 33333 SS2S*3 33 33a asss_
35

83^3^

83<3 323l£ b us s.iI ?J 233 3* 23322 382•H V\>0 
V\v\ 328 322383

2I *i Io Hj 8R8;|

82sl|
823 238 82 38828 228888 882282A ♦* h

a &iu I 8£ 333:5
«

388*1

23228 88888 888
HHHH #4 #4*IS888 H #-4

2S8a *
J la5

Zl5 882888HHH 88 88S8 88*3 I!s o
3a

8885
r4 fHi§ 8885H «H HW 88 

H H8 II 8
da ►

5 ii 22282 2221 *3332338 *22 38S 223322£ 51S§i ; H 22888 2S8 8 8 838
HH HHH HHHHH HHH*§3i &&S 328 323 888

Q HHH HHH HHH HHSs 55
g
<s i? ! •<«o■4nnno■*«© M m m m o«< m o ■* « o •<«« © •*«©I5
►-

I 52|s| iTih sKxs! nfi s®* sS*- t
<s

f 53<
511I: 1- 55 aSi 2- -a| 3i? I1 I

2:
•H ai 15 ns 5

I9 *H
85 « •* 3< i

s

i a5 d
2 S ii iin »a

8»:5 ic5'
H§5 3I5* : zI I2 £ C£5

I s
r4!̂

4 f f I 1 3 1
1 I!

•H5
S

5
s i

O

5j s2 cI Jl a51 ! I 3H

i" s" 5 1 8 ^7



! ]

s;
■:

i :
!'

i !!3 S3. SS.. 1.. 332d d ddd 
&A S2s5» ld£d

fii s 4fiB BBS S3 fiddi
s s3s~ s!s !ss !sss !ss SsS sf? sHs 3^ 3

us sis iii in ini in m iii lin in in
ss\ nwT

i
3 113
j

Us 4* w"88 NR8a "fc*or v\r-<o no to o o. *>UUU "ft& a*S as**n
H bbfi MS' S*8 S*»* $&8 RS8 &&» ftSSft »** *«as|
I |y 3BNSir* H3»a Sip*8SSS ftSS ass8*8 SSS■U4 N*4

: I
Ji

i
aaNfc«S *«*& 8R**** SSS S88S SSS £8aNN■ i»r«- a

5
I =» 1 OHO

V\C*\H8SSS SSS **J ££8 *£88- R££58* 5}«*8*8 *381
2

s §J SSS: 5885 SSS 8*2*88 £8* 3SS 3385 88* MS'SSSg is! aQ 34i 883 8£S £££* 8S8 SSS £££ ££££ £££ 8*SI S*3P S3*sB illI SSS SSS 8*8MS S*S 85£5 8SR »£8 

££»£ 8* SS8

888 8888 888
HHH HHH H HHHs

5 ] 588g 583 SSS 58C2
Si

i§ SSS SSS 888 888 
r4 r4 rt HHH

8588 88 888 885
*■« rH

5 S ill>j ass saa sss ass *sas sss sss ass sass srs aassi£
c

* 5 H 1 *53 S33 31* SSS «3S5 *SS SSS 3*3 3*33 3*3 SSSs
§ * 3
8

K< M 5 *s
■4*Ao -4rto ^ ansi *5 I HHD 4HO 4*o 4*o 4*o 4MR6 4*0

‘5
►- 5*oni »i si 4» nl «i m. ijj m m m m *n°i5
I

ai?< 5#2 I

1 1 3 1 i P i* 3 3 ?1
■

H •
a:

a
<•

a«• Ss3 3 i
« 4»S i 3! I r

s i 2 H Hi i 
i i

26 m m a a a f.
t s

!! 1 1 1 1u i i 1 aI5 8 S S t £ 8

S

1 t! t| I I Il !
r*

a
5!a2 I I lla2 s

I- 2I s

88

■



I
5
c

5)
2 3058 358 805 3

si 8 S 5$9S 5*99 5*5*9 3335 3
35 3 8

s*s*s* 393 ^99 si9 9 9
833l1

I ~2 828 88 288 53 35 28 888
O ^ WWW £*WW WWW O ^WW /NWW    ^WWW

Sw>A ****** ̂ *\** ^ **** QJSww w WV\V% 2>fl v% wV*V\*\ns iss sss sss 3333 s 3ss sis 3ii 3iiii:
o 3

HI ^22 32S 28* 5535 "3SS ®8S 222 '•Rfc "'***

ii i?2« 2$$ R38 38£ SR** & R3S 3 88 2*2 8233
§ !z
8

J3 2R3 $33 8,88 S33 2882 2PS, 23R*pj as* asa
a

i I J??* 838 388 3*8 2RR3 &*$ ass®u. CK S33, 33-SJl
5 r
i 2> 1 I So« 8£S $88 $88 ***3 2 $8 £22 288 38X8SlV

i£ §J 882 8X8 888 888
JI
*1 8»2 888 888 888

888 8» 8 88
*■« rH «-4 r« «H H

S82 288 888 2888%8SS 8<2
►“ 3 *o 888 8288888 88882SR; JIWj

1
2£ H 888 2888

8 888

8 88H HH

8888 
H H H H 888 888K

i i 8 » 888 888

8 888 
H H H H

5 2 ij25
5S

8i§
=;
R ii i;£ G.8 882 888 8S& 2*22 2 22d as?& 2fJ8 2888S3ss1 5 M1 &,g XS8 888 |$S? 3553 3 3&| 888 8|2 SSXR585
I o o<
o I? ‘ ■4M O 4 « o 4*0 4 * iSo 4*0 4**04*o 4*o

ii * *2 lons
i >o82, ̂ 2£ «o2J? -3« *S8& 8 22$ 28$ .SU v??®*
1 <4>i£ <iJx2 JivA <*-*£]§ An& t

aZ

I
i a asI4

|
2lfa tU I
13 |1 3

3. a -H H H d

l? r- j s
1 !I Js I< j9s

s
5 : A A

i |
J I

IS i ia I I I 3n fjrja t I I I J 5
■ 3 l l 

l Sa§ ja &
I I35o 33

HI : 55 1 5•js ; i 
i i

**
2

8 8



;

5
8 8 g

8 as as 0 a
400 4S0 E> 8 Ei S0B 000 000

1 80S 0 S0 S00 08
a©4 a40 ass ss0 48 a4s5 i

!
<>: SJS8 588 - £53 83 82 22 23 28 SoS— ess eeS ~o see s— 3W'-' £— ̂ ^3

>n S H5 m n HI 5H HLHLSIiliii
sl_ ssi

! 5£2

HI 3R3 ~5 288 2 as saa ^aa "8a ^as* 0002a" a-*® 2*3

il RB 33B &S3 85® 855® 8®2 000S3 8 388 338 55® 8
§ 5-
o

l 23® 3£B 23® W\J» Hi asa as®S23 35 »aa3 R28 as s828
8

2 I I a®s aR3 25-3 23a 23 S CD »>W3B8 * a R£8388 *«s SS8i
5 ?1 3S3 a88 5528 82"8£8 £8 888 £88 888J 3855 88® '©NO'©Ii

i

&
g
2

a®8 ®fc* 3383S® 388 888 888 
H H HHH

22"»R» 888 co88 8®
IS

ill £82 88 888 8S3 888 388O 888 888 8ss* 8&£5
!g I il 8£« I *ss 88 

H #H
88S 888

HHH
888 888 888 
coco o o o>os Ks

888
HHrlR

I 1 :i 388 8 81 zi

SIS 8 I 888 H H5§
_j

a 1
s

I!£ 382 852 8&a 888 55 aas sad 28a 382 222 228 222Si§1 I M 1 ES5 *SS safe *** II *»* 3*1 |S| 333 333 §13 SIS5 la
|
<
O

S

ill
‘ 4** -.*o „*,? •* « o •4MO A m Ana Amo -* « oI

i i 3Si lit rii 3l| 11 111 J§1 s5$ iSJ s*$ s2$I &
I i a si m

! I© gu

l2: 3
5 3 a. f H 1\ 1 “J i1 i i t- I*i* i Is3 !* S I3

f H£

1 4 4

a a 
2 2 
-A U 
4 4

»i 5 Ha £ £
S 8 S

13 III J
«n £s i5 2 »51 a1I I l5 s

T
rH5 SI3oSrH IS I|* ! !

H «-< 5
H3

•H
!

a S r
H

6S 5 5s ! g©I I jf! i HJ! I
f2

I a88 O

:i 90
:{ ::

: • i
■

.j 1



H H Hrrr
a a a

«r4 H ^
H1 m m •
355

5i

I 8 g 6 €
83S 88<i £$i8 58 8S*^ s38$S SSS 833

8 8 g

*I 5

^•o ??
H H /%H H

H'-'W /N^sv* /NV>
© . H <D GO N
*>-* V\ V\ w'O yi x^\£

ill lii Ms n
<7 *3
#H C*J sll *0 COSSi.

Sss sisS2 srs
in in Hi HIi 15 n in

isl no r>vo S2S £88 rvifr o\ cmH H 
H H Os On d *-%* d£3 dss

iM

II ass s’?? ass sssaa 3 asNNn
n n n r\r\w NN»0 

C^O- C^

1
V

!3
-5 I RSSSi SS R3SS>3i CO vr\>o

hhR ss £dS a8d -SSS§
£ 3ju- j CO On a r\f\Sas N ssa as sas asa as a S'SS
5 II I rstssSI c^cvj

'O ss$ aas aa» as r»H CD vo o v> 
v\rvc7v co osco ass a* a

!

5

3 *7
■4* *Hs n saa • r> DON O CO 

v> r-® p-cO p- assss saa 3s ssa asa saa5
i-

zS

sl*o II5 aasJ SS3-**
H

aaa saa sss sa Sa§aa sag aag
H r*

as §8

z3f hi§ $sa33 as So 8
H r4as ss| ssa 

aa aa8
H

88 88 
H H H H

§88 £8 
HHH H

uj

I§
1 <15 sa33S. aCO ^ 

Os <D ssaI| uooo? o o o 6 
HHHI8 88 

r-4 H 888 r-i r-i
8 S3

d
£a i J 1 as 

l
aaa aas sas ssassa ssa a as aaa^dI

i
518

a.

1 H £'
S£3vv £- P- r-CO®

o o o o o o
HHH HHH

assass sao aaa aa
HH HHH HHH H

i ^ s as
S HH HHHd Ss

g
<
2 !i

'!

j w o®o ■4 « OH « o -4 « o■4 « ■4 « «|s*- IS
§ "If 332 333 S* I|| m lii iff? a a s | <uB i

<ss
£ 3< 51o£ fl ■H

r-4

♦»I 5 |IsII B! 5 a=3 3
» p.

o a3 1 I: I 2oS
o

3 i J Ss a
? a a& a

o
S a I

X3 n9I iI i5& 5 88 i< A is s jiT »* -Si 3 ji i a a
2 23

M

91 1
S &8 35a &
3a I

r-4

O

3 Ii-4 •*IfrI 3
H| 4J

■ 3*
O os 4J5 1 g g

s h 3 5I 2 S3S 1o 91r 3s a a



i 8S* 638
fefefeS 668 368 388 &Q SB 88

88 8 6
669 88.8 6^8 68^ S&888 888?

SS 88 ^55 255 08 OO O S5 Ss ® 88 88 5S§5 sh a m Sk as s?3 a a; a a h 33*
5 a3

til -33* 888 888® S3* 253 -R5 82 ** *838* 538 530 538

!! 888 8880 *** *8* 8*5 PS S3 SR*33 *3* 2** ***S*53
O

TT *3, *5 3*»r\®.» 4 f\» Jj 8*3 8*8 5*853-3823 3*8 **S 533Iy

Is J I 535 55* 53* 33 53 35.OO «'*•»£SB0'***£ *55 35* *R«5 i
5 ? PSP 88P RP3 8* SS SS*SR 553 £28 &P0 5535 *»5 •••‘5i 11

! 3
2S8 S58 $2£ 3* 3P *0g £53 ®S3 £55 333 3S5£ «0 CO v\ 0(0 0 (h 

f»H ri H H H5j 2 oi
RRR RPR 885 83 3R 3R 

888 888 3 8 88 88HHH hhh h h h h h

333 3£R 333 3RR 3383 333 S3S3O nl5] S f £88 388 888
HH H H HHH

R £

8*5R 888 8888HHH H H H H«a 338

I I 38 £3*8 3:Ji *5»
i§ I§«1 |___§ 8

=fa 6 i| ! 388 53* 558 833 5553«1 &

§ hi 1 33* 2&* H§3 s** s*3*
8 I & ^

55 5553 588 553 355 £3 38 35£
8s

1 55 2333 335 333 332 ** »2 *»3a
g
<
o

a»-
°i! !

■4MO 4*« 4NM 4MM 4MOA5 4*o 4*0 4*0 -4-4 4 4 44

!'
isi I

$ i!i IS}*! i i*l At 41 4* 2&* 2** 33** 3* 55 25 
<4* «W <i«4HHH

2 t! aX

1}

13A 1< * i!1r 2 S 4; 4

2 ! h ! s9i
4if i sEl i 3< I* 3 s:r * 3 i 3 3 3sI !

6; 2 29 £ i l1 i i £ £ £ 

I l i
i 1! £ £ i *

! s ; ill! 1! 51 58

Ir*: 5
a•! 5oI i Is5

X
> 1* i2

a
a 3*< 3 s s

pH *O! 3
l l ! *1! 21 I 3I3 8H H a H
5 5

: '
92i

: P

;■

■ : :.?■I i i i



3:

*
2 6 6 8 6666 6 8 8 6 8 866 68 

5^66 sf6g ^666 *ti asifi *il 118 ddj S66 ^6*? 5

I ~ a 3 s osas SS“ SsS“ SsSr ~HS sr“ 3s~ ^,
ns 33-si «-ji hi 333 tn hi

o 388
wv/«^nw ; m

33 s5 ~8^ww

Syj'O Syjvo •t'Ci'O

*.u lii lit tn
s*

2j

4*3 *-sr? *•»& '•ssa -'ss« ft*" ft*"ft ft^ft »\nn ;?«* ®aa «a« '•sa

ii »*» &** &*** «*rs fti?a ft}?ft ft$ft aas sss ass- k** assI l ~j
S»

J
2*S 388 88??* 338* "S* "S* '°3r-I 1*2 *33 J?*3 dfcfc 3**y

I i I 85*8 «3S 8**3 8883 333'•rt* *"8S ~3S 33* *3* *33 833S

Ia
I 33fc 3$8 888£ ©SPR 3*3 *82 838 833 »*£ £©£ SSa £33:» 1=►

£ **£ 3*3 8*3S©s3 RRfc 8SR8: £88J? *8fJ *£R *8* X38 £d&«55
►- 5 8S3 *3* S**££££ 83*3 888 888©££ 883 888 888 888

88 888 888
HH HH H HH H

Q 115 i5
IUJ {

i
338 883 833I 388 *88 

888 8 g
Si 8888 8888 

I II S***

888
HHH»

1 I 888 888 388
2 zi
S

* 888 888 8
HHH HHH H§

_f
§ I § 888

HHH

>•$a
ij 282 333 3333 3333 333 333 333 8*3 388 333 333 883I£
S3s§

1
3

I H i *33 53* 3335 5335 3S5 333 553 353 *s3 355 *53 53*6
i§

8
2 i! o‘ *#o2 4RM 4MO 4HN* oAmo *mo AmoAmo Am ai■g»-

M

So

il i i» jii ® ® ^>ri is! i!« ni*s*ass i
<35

2 4
0

58 i s!< it*»
ilr t3

H
I I423 »2 S 
S* 11 i |ji i i!IIas it i;I j ja isil I1 i i s

s
2 a i i 

! 1 1i a a 

i 1 j
ai i If! a

ao3 5 :AA iIi H
8 I s s aa A

1 I! I i$
oI

H5
Z 3

r* 5 I | 3a4»S t 1 s a2 i !g fts? Ii a 93



J
I

5|

1 dd dB d 8 d 88
fld^ 4£a :U*a sM#d

dsS9 add fiddSSdddB Sddd
!

sfs~ S“II §!s »!ls S~$ SS“ siff 3SSjM nn in jijj iH ms «« m mn
S) s,i;. !

' :

HI W CO'O'O v> 
HHHH

H»ON
H H“>2R& “SR*°S3^«uss^ "a 23 aas?

H JJV2C 33S* *3£ BSfc* 833 &*«$ fc*S3 3** 232*2
o

Iy 33?i S8©3 2*£3 p-rs '°sfc{?das&s 2a«R a*s *"*£2IS I 2*3.83d »RRS *35*2 S**RHRR3 S*8R22*3 23R*i

is
1 'OCDN

4 ^v\ R35-S?,£23 £28$ $882SSSS 8$£3 £$8 3238II
5

£
a £R8 $88$ 3883 3£S R*«»*y 232 h^o r>co82$fe $328
g

82$ *82$ 222$ HNHO^CKCK 2$82*888
HHH

Q $828 882$

8 8 88
H H H H

8888
HHHH115 I IS1 in£ 838 $283 $228

H H

28 3232 $22

888
HHH

88888 
r4 ^4 rH r4 r4

1 ;J5 I ^I
il 8 8888 888

H HHHH HHH

I S 111£ 2S2R 2222 222 2222 3*8 23RR 5228 *22 *"2323
“

I§
1 ! |41 SSS* Sla* 151 §*3S ass $3«* Sa*s ass 532222a
1<
o !isn

‘ o m
4« ol 4*4 4*o -4 •« m o 4 4 n o44 4 « o

2
1-

« •4 4

i !Sjs ti]i l5J j!g j!1 m mi ig 5ffll9
2

§
£ 3

i 1 i Ijt9k 1 3 P* o
90 1 H i! !2 1iic i r i i3 3

i IS £ : 2 fl a dI2 fi i £ »£
2 I2 s

IS 5 - J J iI 1i c 1 ! 3a ts a8 I 3£ 3i !1
*4 I: a ao !

H I a
H* aul

z: K 3 t1?d a
%4

c as £
si I3 I a |r I•I

ill w'•<
( i

iilsl -■■’



»* Hi
?! rrr

ana
mr4 wi53

1! illmm m m m
S3 333
$5 $5$

3»
dI ® d d »4aa»gg sJs» ^

„ ,r s! 2! p asps S“s sis Ss si sS
aji jn n is h ijiii :n m % jj :;

as* sas sid sd d5 5 d
»8 8d <$*§I

! 6

3
iU 8ftbbb 6j&& "» sssss •JJS, u» aa 252M
ii beta bbb us zs 3* ssftss n«3 &ft© *p ?* ft©I

oc

5 =

J ft*0 04 2R 2RO0<° ass srs as3 ss as
2 i I ***■ ftfc 2ft ft? 23RS3 RftS &ft& ftft $3 ft?o j[
1

ftSSa ftS2.j 3ft ?3
n n

ftsaj ft&aa s© s$ 

sqzI ft**: oS 88 
8ftft| a©?*

s© 3RS3S ft©? ©33i S©1 ©s ©a
!

5

a
©ft S3*©a S3?8 ft ft 3 'O'O £. r\Si ©&

2
11 SS3O 111 8ft ftft ft©Q at

i 3I H 88 88 
H H rt Hft©ftNO OQN

88 8
H H H

8I *

1I ft ©ftft ftft g ftftftg1J5
1 3

888 
H H HSSSi 1115i§

d
8 s !! as ass&a ssr? 32S3&S8I 2*3 a* 2ft saN HO 

H H Ha S si§

i 5 1 323 322 21 22 S* 128*1 SSS 122 11 2s 22M- i5 iag
<
o s': l A#<? A AaSM o 4NOAoA n A «i*1fc

2 oui I 2K 3}$ 5} 35 5<i Jim sSS 33} :3 3} II*Sg 1
<5

§
£ T1■if3

3 «
3

r*

<•
53 aa

35 3 I
I Is J 1 i

9SI I53 <*s1* J a s 2 a<s
s
< l£ £ i ii ta *

2M k s 1 A5 aa S 1It i t tM J*•I§ 2 2 5 a a a£

I
H I 3

r* .Ht ^

1 t 9 3
•H

;
H I «|

X 1
oto 52 ««5 «*:J 2 22 - I1 i33 t i ao l t

3 25 5 a fiI
95



7

2 g 9 s s a g $ a
ritiBB fidBsS BBB^ 8 8 8S8 888 888 888 88815 8888881 3Is _sSi sS S: e S3 33 SS^ S&, ssrS5r S3H3 3S3 S53S

ms ssss ss3s ssss sis sss sss s« sss s« mi 'ONOii A
A J. 4.<

HI ftftftv'*» iosa '•sa *asbaa'""b ^6 ft ft ft ft™ '°ftftv' -as

H b£* srsa ££y **a *&? ftftft*2ft 5 ft ft ft bbS8 *bb2 285
Io

•=1 I3 VO CO 03SS2 38S S3R•'SS *3 a aa»4 N>«4S3*J 8.f 4 I ass 3s» 222 »*& *28 *23 •°sa82* OH H O HHOH O^OHN 
H H H HH H N H H HO J

1 j
iI 832 NHO 

VNO P- ssis s*» pas 28 JJ£322 **»S 2*2R *285*2Jr>
iS 8*3 SIRS' S»» 3£S aasH 8S3 58** 882* £3*5> *28 2£SiS►- izi 223 22*8 £»2P *S»S 3££ 828 8*£ 2*8 2351 382o 8228; Ii IIIs 2322 2832 2222 22R 223 88R 888H H HH H

283 2

888
HHH828 R*§ 228* *

lI 828 3822 8£oS 8222 882§ 88 
H Hll5I i§ 828 £822 2322 £822 8 8 

H H
8 8 8
H H H

& ►

5 jj { a—3 283 J» o>>o 
HHHs?aa® s&sa sa*2 sas 328 32* ass N O O 

HHHS38§
i s H £

* **33 SSSS S*I SH2 32a S22 Sa» aSa S*fc
HHH3 i 3a

|
<

i! !2 4«4V*I ■4*0 4MO ■4*0 -4*o ■4*0 <4*0 ■4*0s2
►- o’o

I
! i lit «a »S I3S >!i U« JU 1}i 35! 353 JflazI

It u i=r a 5rj

«• U £; 511 1! • 22 p *33 a iJ 1 i I -1a eI*oi i i a s
r H M H H 3£ 3 a* * * * * i jn a a a j J i * .111!

iAs 12 11 3 1I £ *
ft1 C 3il i■& iHJ

* ?2 3H5! &aa2 I 3̂
4

a o

i 1 si=i 1 i I is

%

I



I
A

I 2j* a

5|
2 d d 8d 8 0 d d

^ ggsia igg dgg d^g ggg ddd add
88 5

ggsS isii d8d!
S““ S3S S~“ 35“ sf“ S“1 SH

c!- cf- *4. itcl ■4'0'0 -4 *{•«?• 4 -4 S> 4 -4 c4rl deS-fl jltltl j* ii.y> JfV'O444 44 444 444 4444 444 444 444 4 4, -V 444 444

si
2
4

•"as "OSS w'3ft sos3*3 33 aaa 38S 38S "S'* •"33

ll 03* OS3S S3 Cl 3*0 33* S3* S3* *R*333 RR©o >o oo c-s !2s
03© ss* a^a* oaa ss* oss sas sao os*s**3 0*0

V^NOJs a I 8*3 SS'Sfc 8S3 R*© R** 083 8*3 8*0<3S8 3fl 508u- J
a |

si RO* RSSS *38 R8® $88 883 83* 803300 003I 8*li£ a£ *33 ©8$S 380 *38 800 SOfc 388 8*3

03* 3038 338 833 008 388 8

888 583 833

088 033

81* 03 80355
h- 5 33*o 38 38 888

1 !* Is *aS
ni i5 I;§ 888 ©30 12 22*

*§ 1i 3 3*3835 I zsI
*§

-J

88 888
H H HH rt2 888 

HH H2
9 ►| Ji i aaa s»sr «ao oos sss aso^ r\c^ 

H rHH
r>oo vo o\
H H H HA oos oo saasis§

1 5 \4i *g* ** 222 222 2222 222 22* 22* *s* 222 *222 8 3S
5
< o

i! S2 •4 « o a -4 JPo4*«o «*o 4MO -4 M O 4ND440440i ■4 « o -< « o
[l5

►-

m
2 oii

i 3** S8 *.823 a** V0S ®si 3RS ***
I <4^ <4^3 3a£ 4i|4 ici4 <w3 <4^4,*!3 t

z

5 T 4»

ii sif ■
s< si

gj I !|: i
\\ \\ ||| ||

° j**" 5

l 54&i “ si •aE 9 •I S2 ja3 Ji3 i3
Q

g * J
•8 «Ia■ :

X s a
Hh m i a

! i i S
a v
€ 8

tg t 5I a ££>S

!
HtI 1

H 2 9
r43

H 5
Vli

i
I

•H
3* 3

H
a S

5
2 J! £

M
a
li ? s s 

! ? 1!a 23i Va Ir2I
97

i
-



I S3.ddSBd d 
^dd sSdd B&sss fife

54 sSdS dddddBd ddd gdft 
la a~ So

•S'O'O S>Ow W*0

i4i 333 333

o

slss S3S~ 3~ o_oo_ oo

®^3 3'sl5:i 33
333 333 Imh ii

Si

i «
: 333 3333 333

v~\'0 2Hi •“*» "asssa*asa sas&fes*a "'ft'•as '•sa

is 8S2 »83 8R28 *88 *i 28S8 2S8 ftft»3R 8ft

O NN
HHH"5" r\c^t^

H H H 2S8 8UR*'182* 38»nw nno hh r\ HO\ 2 88 828J 8
1 a asI 882 KlSSSNO> 888 a*8 88"»** 8*8
! ss*8©» ssss83* 588 fc**v>o

H rt*s* a** a^aas1i
55SS *S88&S 885 58* ssa8*833 >C H 

H H585 sss

8 8 888 
H H HH H

5

I 88*82“ 8888888 888
HH HHH

3 SR88888 88ill
hi 8338 88 

H HH
88 
H H 8 83888888 

H HH H H 828
I1 - £ *s

S3 888won
NNP>

i 888
HHH

88 
rH rH OON 

O ©>o 
H .H

if 1 ass ass 4NN NV> 4 N
r4 r4 r<HH H H ass sas ass 888 aass sas

5

!
Si l

! W * oo& 888 ssass aa
Z HHH HHH HHHHH HH

888 858 388
HHH H H HHH

nr\4 *'-©£.*% OHM
OHO OHOH HHO
HH H n H H HHH

3

i
s « ortS*.no .no •.« oI o ■n m o

Vo

M i . «?8 S *?♦ >tivd w vo ow>i Ji* 4* 33*35 3J j»8«rt o>«S\ 2 <9 +J*£ A^l 31* i!ii 3||&

?i III« 5I 334■ 3 a s aa1"1 !.s i ii 3|S3!?s I! l! «: £*8ss •*-■

2J s r 3 5 Mo 5

r i£i « s2 S2 £C 3a£ a a 8Si ai
o t i a
1 t I i

*coI 3
H3a j . &

4»&
o

4»

«!1 £K1 1 f1 i•j 1 sa
a

aS
*4

S3 I I2 |«• 1V. H 13ai! 33H*-n hH S3a ¥i ©

X 2"£ A A b

98



s
8
jc
3

l
1

l 888 888 888 
isii Isa ajj

88 88
SB S3 a S 8^ sasSsi 8riS 5$S8 88ft 888

8 88 8S 5

!
28 8® 22

CT'W ~~ ©w~ ©S® ©?© ~?S sr-s ©—wtf\w> W\ri v> wy) «o 4 4 WW www www V\ww wv\w wV't'O Jt jJ /*%ii lii lii it ns m m tn %U lii Hi Hi
88 a asSt SS 5 2SS oooi1

ii l "'SS "'SR *88 bb *"*2 8*“* -as aa~ W'5V' "*SR bKb bbb

II ©28 SRfi 838 bb SFiS RRR RRS ©88 833 RRR bbb bbbs 5 =
o

S) i 2»2CO'O >0(^0 
r-« rt f5 *\nn 4 or*©3 8 ft©3 5 28 ©©3 2a a as® 83*32 I §

-5 i 28© *23882 tf83 828 r\o
H H 228 aa© &S8 aaa «OlN N>OW*J

1 I
I 2©2 23 R ©28 as NO©

©NN SitR ©SJ*'' 222<388 ©28 322 ©2©JIi
3

£

I y 382 32© «o v\n V\v\w\ 88© 823 MV> ^
o»o»© aa* sas332 333 823 2S

is
833 323 ©28 323 33R 333222 223 233 232o 22 222IIi J *3s I ag 223 323 ©22 11* 833 ©33828 382 383 ©2811 ®11■a

I 232 33©S 32 ©33 33© 228 ©228 222 823ii ©
5 I 23

g
i ©2© ©©©888 88

H HH_____ H rH 888 rH rH §88 H H H828 2©3 888 8

i i ii ] aSS SS8 328 as** ©s®; sa8 aa© aa© N>0 v\ 
HH H a ©a£ aa ass

ai§

1 ■ M as 2** 3SS S33 *SS 3S* 1-s *22 »S3j $«* 3** 33S55 s 3a
S<
5

o

i! * O
■4«o -4 » O -4 m o ■4MO 4«o■4«04 « O-« « « •4«oi ■44 ■4 « o

‘1

II
5 «M

ISs i 2ft Jg S|| 3! 3H jSJ 33| sSS »Sl ?2as t
3Z

2

*ift s
*» s

■
a*. 
*» ■

I
0*

I a55 * s • 3
Is i i i i i

aa
fl oo ^ 3 Ij J J 1 IH

tns o M3 3 35
I I 9 9

* « t.
3M

o 5*i M ass ! aa t5a «* i3I i a aI 2 3ft ft2 3ft
Jj 1I4» 3Ha 3r-4Ift 3 I* a ■i

i
3V4J 4J

■: t
15 £ ^

! ii fj ? i
s a

o

ft 3§ ! Ila a
r-i O 15? I sr 3 s3 333 3

99



i sg 88 g 3 d 3
h^s kk sig ^g sjg i£gg B^B BBS ss!B

8
I BBB BBBBBI ggBSIB
)

******
jj^.0 wwo 4jJt £S ss wii3 www ww

sii ««« mmh i« 3313 « n ns m 1« «s
sS3 ^3333 .3-3 33 s°x

i<

HI »<fl« AN ftN4 ftN4 NN ss ^a0-4NHN ft ft ft sftftft ft ft ft ft ft ft

1! ftftft sartft&ft «aaftftft ass as a* *R &R prs ass rss snu| 5 5
H

3 as a* ass «Nn «ON4a n sa~*r>r« M «Or4CO-4 v\« A'JO'O'O V) -a a 'O 9«

S j I aa® ia® as"®ss®°'® pas AAN aa as RS SR 8RRo « nr\ a»«i
i {i n sjs as rrs RRP 33P1 33RSR& S33R8S rrr as SS8~S1§£;

iB R* 33SaP 333RS* RR3RR& 82 ©& R88
r* M fc&R R3S £R23 S3i 45S Io y *fc* SRS8P3 33S3£R SSS R3 RR S3 S3 3 333 338 SSRIuj

I 51§ 853 3RS8RS &RSSRS R3 S3 S3 SR 8 R££ 3S3 P8S888 
H H Hs *a

S 1 U (KNN>04^ SS8SSS SSfcRSS 3R R8 22 «» sap $rs sasp
5a SSS 888888 888888 H H H H H H HHHHHH 88 83HH H *2 S£& 8£& 3£&i§
d
a 5 Hia pa0' saps®® sps (O coo psp pa s& as as ass as** &p® pa®■§

i s |41 m mm mm m a* s* ss 22 212 23s 22s *is5 sa
g
<

l! »g ^MHnifo <<niinifoi 440 •4** 440 4410 4 R o 4«o
5*- me:lli t§ irntrim n5 m ig n 3* 3$ 53 ig rig ^ *5J§ t

aX

I
k3 3a a5$ 1 ga H

«• 3; a
4*Lat I | !«1 I a*

3 3 3:a! I 1 i 34 I a i i Jg
s

: H HH83 aos ! i 1 * ,nns
» HH2H 2! Ma i a ai§ 5 i

w-i i i 1i i II I 5

l
94 3H| a;

94 !r4 s
94II t K

3%«! a 31 as8 e
l!H r4 i! i 3li 3 tI I3 g



5|
2 2gg 528g Igg igg sLg sLg ll g 8 3 

5*gg3I gg gg ggi P8P a8~ 8- ~~ ~ S ~P 88rrr ^3 S~3 S33 S3S S3S 2333 S3 &Z £S~ «~%*i In ill m m m tm ai ti ni
i
5

HI S38 P38 P3S ^sp «sa «-S2 ,ov'S5 Sa •» "'pa s*s

ii J«S> 3SS SSS PS® 8PS £88 »8SS 88 SS <£? RP35 =§
8

l I saa ssp838 R3>8 SSR P83* aa as PS2 8SS3
i 2 I SSfc S3* 33« 833 P8S 8*3 P83* 8rt3SS8 asS J!
I i

II :» 383 P83 a88 3pa sas ass ssaa S3a SPPg£ asi
5

£
£ £88 388 388 

888 38 388

838 sas a88 as8a £3 88 ass paaS*-
333 388 £38 S83P 88 88 *88 £88Q SJI i <sIUJ

i£ i 888 £8£ 
H H H H88 88 88H H H H H r-4 888 88P 

888 383
388 3388
a88 88 8

88 8*cUJ

l
]g I* 3 a►= *5£Si

i§ I i8 8 888H r< H H H 888 88 8H H H H H H §
=ia i ll I psa sas; psp sap sap pasp pp asaas pps pass§
1 I H 4 **s *»5 s*§ sag sag |sS ssas ps* 331 S*s3 I 3aI<
§ I ‘ «*0 M^i£o *<4*o -< «o ■* M «*o <dO <MOl H « o o *< n o

Its
►-

S J S3? 3a| 33S !|S 331 336 33S| Sjf 5|
_______ H

2s*3 c5i
£

K

<
4: a

4*J siII a
5 i ! 1 I i i Fill: 3
s

! ! !
H M H

5 s1 4
2 2

i i i i 
II II

4 4 2 2 I I 
I I

i e a! 4i 4 8 £5

I II 5 5v<

§i 3 88

3
H!

H ia !•-«$
oX

s
a

a3
H

~ !
r4 !2 •H

a =31 3 5
I5I4

101



2 gggae es a a ?
Sea sigb sieg jgge saga ijj ggg sbh ggga62

i S~ !!! iff H srls S5ss 3iS §51 sSs 5SSSisi sii -sis n itn wi m in m 1111
Si.

°x

:

HI S83 *■«» N ON O 
H H Hbaaa ssa as* a* >o©at ® 

H H

n rss ass- ms* sr rsrs *&&& ftaa RRfc &** 8RR8s
1 N<0>0« RRSJ 838 ssaa*-aaI 8SR 8SR RS-R 88 2R8S3 iI i i R*R RSR S88SR* *R8fcRRft RRS fcRS asai

!5
3S>fiR 38*3RR3> SR8 SJRSSRR RR8 88S £8 RSRSI :a 1i

S

£$££ RJ?»RR88 R8R
HH H

§ § I
£ RS8 SS8 888 fc£H H HHH

RR RR

R8SS 

R 8S 

§ §

SSSas
►-

ill RSR8 SRRRRS SRRQ

I
| la 888HHH§ 88 88HH HH SR R8SH H 8888 

H HH H

it3i SS R5I 8i§
g I

5
111 aaaaaaa ass ass as asss saa asa ass asaa

§
I I w 1 **i **S 22 2aSa S35S aSS s*2 s«2 233aI3
a
§
<
1
2

1isin
* ^ n mo■< M O 4MD <*D 4RO -««

1 : *R* a* *«»♦ «nS»S «**S SfcS SRS vOS*±i <wj <iJJ ii 2£«u aaJ <j«u£S a1
£

a g
oI la*• •

5 sa
r-i «•

3 i 3 3 r 3
1. »«

ll: 3 S J3 2
f | | o

S| i■ a H i ia £ aa aM 2» £3 S 5 3-St 3 * 3 I1 * g 2 \
►>

V,

*1

Vi

*>8 3a 2 £ H £
■

I
r-i i. 5

Vi
|
rH! 1

H H
; 3

HI !: 3
Vif!

•H

a
■

a a aj £2 al! !8 h

i 1= 8a
3 Ss t 33 3

i02
I «

.

I



2

!

i
o

I ©PS S88 afcfc 23ao 3S*J

i
aaa <*N 

H HH ft#,*
a
I SSft SSS 33©2*2 ££© ©1 ©S* SPSS SStP i«ft sss!i i2 SSfc Z2* SS58y &£& ©PS s ©as spa **| PCS' $&&;3>- 45i * SSS PS© S3©3©P PSP 8 H40

w^r*-K £ot&o PS S' 888a: JIU I£ 9« rv^> 
0*0* <* 888 88

H H H HH
*• •*** §§§ spp ppp sppi «a

I

1I
8SP 8SP 8PS
H H H

88 88 88 
H H H H H H

388
»4H H S ' '5 SSP

5a
i 888 

H H H§ 888 
H H H

=f
8 j: II *8JJ PSP SP8 22SI; PSPasp sss sad asa sas &© sissi i M 1 paa ssa ss© ass pas &

S H HH HHH HH H HHH HHH H 3s! a!! RS! II! SSSss i 5ag
<
2
3
H*

■C«oS

H I ◄ mo ◄ «0◄ «o◄ « O◄ « o 4HU ■« « o -4 m o -4MOIn
fin!I Slf £i* 3|* sSi I III 5*la i6x

I o

:: it
H •< 3 ES■ 3 i ii33

111 : 2 a
si a5Is I ill 1 :KI i jpS

5
o'5 :aI 5 I |a w 3SI i -*H 2

|3

1 ija | i2‘

i 1«• j &53 3M H
SI 2j 2 j £ 2

3
r* I! 3

fH! t5
fHI 3

Hio ■
1 i •* a2 3

H

5

I
O1 i | 33 3 I 2H H 3 H

i03



i
■ :

i If
t

1 ss ss ss ass ssis s44a £66 ass a&&i. ,
__5 § a« Is IS SSsS Ssss „sS Sss SSs Sssg a m a a k m an m ss m &

d d
Add fldiS s^ddd BBI i

*
■ -I 5

1• •: •

ill 6&ft &&& &&&» &sa sssa 3>s- ©3 *R s?'0'0"' *"ov'&n®

H asa &&s rrrs £$ «» ©© sasa 3&a& *rsu ftftft &&& &&&§
o

'O'O'O u-»nas*4i rr aa 33 ownn gNft* W\v\p\saasy saa ~ssII =? I sasa asa* n«i> jjw>nv\w\r»aRa sr© rrrr s« cr rso iI3
NOH O>>04 
HHH Hss fcs ©s Rasa aa&a RR&3©s« ©as 5RS©I!

I
£
2 RS'S'S Raaa np\H«

v\r>rH 33S Z°"«RR8 RRa ©33R SS S3 SS a e>N

2
►- * ssa rrs SS S3 R8 

88 83 8
HHH H

38SS SR3R rrrs S8S 888 SS*
HHH

O ££8811J
III§ SSS sss ssss ©S3©©Rd© 4338 1 § 888

HHH

It35 88* SS8 

§ §§

S8SS

8 88 
H H H

R 3R88 S3SS £©©8p
£ ^5i
a 8 «?«©R 8888

H H H H 88S8*§
S S ill£ ©sa ass sa©s ss aa &© ©ss* *©as ©s©s ©aa ass ©a©IS
i iiW 1 352 3SI SS32 *S SS 6§ »33S 3SSS »I33 IIS 3SS 31a15
8

« J<I fi !
I •***© <<no ^o Ao Ao4R4Q A a no A a «© ««-4*o 4KD 4no 4HO

5*- * J= cI
I i 33* 25* r4l il Si SJ jSS i3S ^41 4* 41 *1**8s

I 115 1 I
3

t.

l li 111* 

I1 Sill
33

512! !I i I I8 I 3
r

H M H*«c £ £ 291 M Nit m I 3 31 1I i i§ t 4? Jis «*
I 3 i & O3

i3
H

i

o 3
H a*«1■f

s 5)
1 a l

H
I 1!

H 3d Is
82 s1 1if l3a

2 2£! jj t*

104.
a

■



il*

ti ijg 3 d 
^ ad a

dd d d dI siI d d
d add <3$S ^Sd $S 8 8 add dd2 5 ds

! S 88 8 H------~ s~^ ~ssaa
V> W'O'O WW%W

S)
gf 2 SS SS SS “II 22rf s s s'O33

ill s~ ^ a*- sa ss O M
*■♦ riS3 ^8 *RR "'RRH>0 N 

H H H 'O V) V\r- P) 
H « H H H

II * R 33 23R aSRRR & RR RR RR SRR RR RRRRR!3§
O *

J3 a0' a 32 3a 33 s ass sa 23 R r-r-.it
H *AH &S3RRR2R3

i I I as a rr rs rr asa RR a a 3 R asa83$ 3R33RJ!

i2
R3S88 $ SR RSJ RS ass ss R S SP rsr aaaasI I!>

i a» R® R 832 RS83Sas s as sr es a a 838 S3S«i s III SR 8 88 SS SR

S® * S SS
s s 3S& sas aaasaaRR §8 

p4 rf RRO

5
fU f SR ass ssa 8888S

H H H Hi 8SSH£W
I

1i :i aas s 8 as 3 aaa5 &s
8 888 

r4 ri ss§ s s 88 
M M

d
S3 5 i! 28228s s sa 2«s 882| 88 8 82 22 28 

£

i as s ss1 ss ss *22 ss s s a* sss s*s *s^

222 82£
S SI§
I1 H63 S 3a

g
<s i! ‘ •*4*0■« rf© ^no ■*388°^ o1n5
t- io!|i S± aaa r.3R *333*j 3* ! 3S 3& 3f 3f* Si 8 82
UJ
Z

1 A A&
I

< !
f*! Ih il

Si s-a
O H H*»

54 ll

9
■ i i: 15 , 111 1

8 3m o

4.J
9 i ai 1 5S1 11 j il 3 n

S a o5 44 r.I i i i 
i i
3 I 3

!i ! ! a
MM />

M2
8 ~ £ • 

If s ! a li3 1 I; S 1 18 H

i3
H I jr

o1 !
H

*»
■

g
I 3

H I 1 8
m £5 2

<t2m a
m

8 *H4*
8 r«IJ !i II 1 ij

205



1 8 8 8 8 i 8 a e ad 88
gdt? s$88 sJ88 gg* s^gfc g8 s28 g8 aaj dase addi 5

I s $ £ _ _ 5 _8g
SSS SsS Ss^ SS5 SSS* oZ BZ S3 SSS s^s SS«^ 5Si
122 m m s« 1153 ii ii11 m ill ilii m

Si
S
l

HI ft'-ft ft °ft '-R ftJ3 •S- SH* *SR$ t-N3J* C* CK 'OftJ*• rjrj «*.o

ii 8RR 3SR afcP 3ft8 ft w ft ft SS 3$ ftR Rfc» RS8 &RS8 883S 53
o

"S' *185 383 W*■"* -R 3R5$I 8»r asa 5*5 Njo»r\3HR3 Ii 1 I 3R& RS® R3R8 ®a®8RR 8»R S8S 358 sas" •*$ S3 SRo J!

11<
SUP*I R« fc$ *8 ss® *»s ££88> «£® £8$ 3°P RRR 3RR*''41

s

£
2 5$ S'® 38 R8 3® 888 888 S88888® 88® $88 S®3 HNO 

*0 w\v%

5
►-

HNN t o»o»o»h 838 888
H H H H H H 8888 83888® 888 338 883 SS §1 **o IIi 1i I IIt 883 888

H H H H 888 
H H H 88 

r4 *H 888$
HHH

3838 83®§§K
J5
1 ii5 3 C 3 888 r4 w* r4

HHC 
o c* <o

5a 888il 8 8
H H I

I i
i

ii I ®®s 3*3 ®r?s »®s ssss ss s& *& sss sas ssa* as*

i 522 §53 22* »*2 3232 23 3* 33 «ss 333 Sis* 332

a 13s
1 H- Iia
1<
I

o

1 ‘ o

jf *#3<m* + m34R4 ◄ 44oq ■4R •*« ■*«i A * «! J§ •»
CoIIi

i i i$* III slf 335 I3J| !} SJ 3} t5$ III 3355 i2*s
UJ
X

I
5A

o II© ©51. 5 d

I
A.

5 I? a«•|2 3 2
11 ] 35 353 i1 aIs J 3 I ll l i1o I

B

i J i S S 
I 1 I *
I I

;•i 2iai o

a £■&
3dT a£H \ t 3 I I3 t II8 | aa & aa m

I 1
r< 3

af 3! ! 3r43
H

3
*4 I

#4: 2
%48 4* 4J

mi2»• S
u8 d

I4

lg 3 21
►» ja a a*»

70^



Him
a a a

*4

IIIm m m
555m
Mi

s
1 82U 9 g

sidd sidS aas sSd8 $2@d dgd s^dS S3d
8 d d • s

I £ ds2S Sd

§sS| a <> (h ^»© V\flO
O H H H H H O

<\wv<» O'-'^

SS- Sitt S«o£ ^>ovo

S51 513 444 444 444 311 3$1 ^44 444 344
i ~23 «33 3J 232 2 NO

521

Ml S"'* jj^ "R3 ‘’'R* 33* °"*2 «4 v»v>«o«o Nw>n
f< H H r-1 n H ftft“ "'SS ■

i
!

i 32S SRa 3 8R *R8 ft&8 sm 83* 838 RP* 8£8 saaI
oc

12
St

D i ass 888 8RR a^3I ass ass eo'O p-sr* asa N M 2 S*Se sI£ 832 £&£J SR* R*8 ~"£ S3* 8S5 883 S“8 2882
5 &

! 3I J S3R $$S 833 S©* £83 £S© 823$8* R£»ti!

<

£ |7s £5£ 3, S'3, £SS £33 ■*V'R £38 ss* »8£ sissi S’a S’
888 888 888 S**fJ SRft

HH HH HH ^

S &
8 SR*|jJ ©S3

|3
35*3 3 5 353
8§si3
HHH^

O <*■»s(- S)o u SS2 £38 £88 ££3 £££ SS3i ilu 1E il £££ 883 883 888
H H III I III®£

£5 1 :Jp 88 38

I II

St£83 588IBiS
A S£8£££ 883 8

—a I
i
III sas 288 223 222 as as?ss asa ass 22s 4h^ r\>o o

H »4 H HH H£
§ /i M 1 8^ *32 *aa 131 Sal 335* asa* 523 si's sS'Ss si

ii 3a
|
<
§ i! si 1

5 W -.A* •4 m o ^so H«o 4no mqo^«o « o oA «Is
i i ♦ t^ss as* ££♦ x?as sas as» srs

j AJ-& AA& c-wkjJ 4A4 <ii| <i^J 4<iJl &
2

*4

1 1 l!
o

< Jis a

2a
4»

a
4»

as I:a«5Jh as Ispa Is «
in 3 8

i a 33
: I J ill 1a

5

r c N3S*t I 2 3 a aa M5 £5 J i
5 81 i2 ___ 2

4 a 1a
s AH i

l lP« O. Bt

1 s§ J»
aa &
«*

! 4»

£& 3
«-4 I5!; o

i 4J
t t4*

ai is:2 ss 1il H

Il tI !
H1-H

24 a■3 107

i



i

d d8 d
Mi l!„US.. 1.112 ssa a

eg eI isd3 dddI
511 S

$4 4
S3S SSS SSS Bsl SSS S3S SsSs SSS^

m j 555 m m m m m mt mi
6 SsS S) «

i Hi ’•sas-0 0<*3 -'SE? "'SSbbb b bbbSS 5

II K8 & bbb b bbb aaa 288 a88 282 288 8832 8RR2I S^5
g

l 12 323'° 3 S'S'£232 23 J3333 228 S8SNNHNN4 n$2 *s 2 I 28 3 #** 8,33, 283 338 8883 88R5,i1
4 ^ "> NNH38 £

3
i I 8^8 5 P^vo 883R S8SS233 $82 3RR■ONN « « r\wSR &ls

ii1 ': £ 3J 2£8£ *SS*288 828 882 3S\S 333n r%N>0 twco82 Ris
►-

i$.I illQ 282 222 58SR SS8 *88 8S8 8S82 888888 8 
r< H H

2»C 8
5bJ

iu;g SSi R»8 8 28 882 822

SSR 82 88 882 SS3

8833888 8 888
HHrl r* HrlrlS

1
lI li 88835

xis
s

888 88 88
r4 rH rl H H #H rH 888 888HH H HHH 8882HHH§

i \ Ml 233 333 222 223 323 233 2333 223883 2 233 Sl§ ii M j 8 S33 5 s2° 133 152 §55 S5S 222 5555 522165 s 3: a
: s
; <

o

5
H-

ii ! -.3 « •4MO 4 A M H«o" -4 PQ O ■< R R •4nif£ HAfTcf■* A A1§i i:Ii i si 5 i5j i m m m ai nt m ^ m**§s 1a1

? i i* i?; ♦* •» • 
1 ii Ir 3l*> s s 1 ° ■ In

i a
8 o o o

| ill :5
2 <? 3

E 33 1!
<; i ill *11 I
s

l i ii i a III 5 ,
i i Hi 1 I

ao

iit m &I a
r-*

"5 § j l5: i8 s8
!

■:

3
H! ? !

rHio!
s

3a I; s
H

3* IS 1 S' \ i
is ia a

108 019390

•i



M
H H?r
55S
^■S; IIH

33
se

5l

I 8dB 88B8 d
sidS SsSad AA&A dsid dddd dSd$$89 ids d

§ i as
!

3~ s 3a s
X> >0 S£>oi2 S^SS X>~S 'O’^'O NO WV\W

%ii 33*3 3333 333 *333 333

* 4? 4 g
nj 31a a4

33 3 s3 srr1 2

111 v'8B *SSW & fir ft fit 53Sa 3*2saa '•ss eib

1! ass a&s && SRS5JS fifififi SSSS *£*IDC
!3

i3 •h >finN aaa as&s ass&s§ ssa S3P sass3i !ti 2IU- ass sss n'#4 n ssr as*f- s 5SS S5-SHJ sl i
51I 4 s»s ass ££££ R85 3SSS 3RSaa s^s v\<K«D V%

I= ■d 4«.

iis
i O «4

a»2r>2 ££2S ^3°"° SSS S33S $££oS5 S<££>5

f!3 < S)O XSfcS; SfcS ££££ £88

8 88 8 8K£ SSSfc 8 S
HHHH H H

8S 888£ »
#H HHH

2 2 2

°i ass asa V\© «* X>^g sss R22R 
2 2

i i h*2;5 K«jjI£ a 888 888 
H H H H HH

888 
H HHft^

15 ;Jg iii o •ss
22^5i§

=!
9

I
I

]|£ ass aaas r?a»8S83 33SSsas 83a sa ssa*i§
| 322 22*3 2222 *22 *222 2*2Ml 2s* 222 23 * lts9
8
■<

§ i! ! -4 H o4MMO AmoAm -< * OA m ol5s>- IS
H 3tl 3551 ;m ft *ft 4*£ i ni r4 s4ts a

3

g io ! 331 I ii 45-5
8 2 Hll8 335 8 3I J I2 I JI i! i4

5

5 iilo'

i I ii I H
5
P3li 2 02 2 21 « a s

ta
8 £ I 2 I 1 o

S
HJ2

H

© ! s
H

| 9& 14J

l m
a a

«s a
*41

v.

ll !• 5 3
I I d

lr j

209



rP 11
$1

l ;
.3•?S 44

S I2 >•
aa a

i I I
g g g

g S s S g g g g e g gg gg g
sigg agg agg agsSs s^gg sSg ^ga aga ad as as aaa59

s a 1115 3!s= "is “!! SS3~ sis 12 SS. ~~~---- T -7 1TJ
hi hi SSS 1113 111 13 313 131 13 33 33 333

Sq ss S-I5 SS B« 5i [ :
: Hi 2*32® ®838 ^33 -*55333 832 3*3 '°»2ft ^3
■*:

nh 2Sfx S3* &R8ft 33~ 83 8M 33 fc RS1 £8S
9o

"5" f2 R3 23“ 32 833SC'S* 383 38 H38,2838 SSR 3*I 1§ J i2 88 3S *8 8*2$3* fJR3 8Rfc£*£ SW so NO^O 
HNH 8 £2

<' {I. I 338£3* £8 S> 8 ®i?££'$2 S83 £$3$$$ 333 33P 83h i
S

£

1 §8 88 33 8384 <D 
©*0*N 888 

•H M!! 333 8{28 338 R£3S 33
is

88 88 S3S££ 8 888883 888 888 8888 888
H H

O 8811I J ISi i ai 888 888 888 
888 8 88

I I 388 8 88 £8 S3

88 8 88

8 88 
H H

*2888
HHH

88I£
35 ' i1 1 888 888 

H Hil.I i xs.

8 8 888
HHH

8i§•-•
: t E f] | 828 828 5*«t$ 3322 333 88 238 883 82 S3 82

]4| *S3 *35 »** 1332 3s3 SI S2S SSS SS S« IS

•-■ £ 883I
I

S
I 8883 Sa
g
<

i! ! O2 -4 « o 4 « t> 4no 4N4B1 4NO 4 o 4o ■4 « n1'-. 3»- «
1 ">

I sS* 3|* jji ?15i s5* 3* sji i3 sS 25 m* &B
5 3 j! 3A

o 33 1 l! s 
24 a

|1.3* 4»

0 i1 -I 1 3 r 3
11;3 9 2

Is i j r i j i2 1
g 1 o

i
: i 1 35a »2 I i 1 5 avj i t. a i1 ! a f

s s a 2
i 2rs j 2* j? -* 1 I Si 2 a

8 I l & a a
3
H 3

H

.
■J 3

H3
H

*
O 3

r<
3
Hj !I

i

4*
28 2 4»

■I
*4 I Is i1Ia S i

■a 1s a 5wa33 a
:: no 619890

:
;i

=f



i

!•

5)
1 s 3d

ss sssi assi ^d as sss ass 4gg
ad d

jSd sSd s4 as
d s

s 5 i

|sx? as as
/NS^W

><> *0 4 w»0 Syj >o •lO'O'O

■U 44 33 4353 3333 344 34 3$S 314 344

II II 13 SSSi 3SS SS S3 ~S3S ~sSs S !'o \o »o ^ 221 11 11
:Hi -'aa "a* "spoo to "a as ss, <*t>- H<on>fl c^

M as sa ~s s-p sp zsnx spsp »5ff s a 8 3 S 8 S-i^S S S,S1
K

i iM ass»a sa »04 4 0s(00 NO»N(N
H H Hi «H H H H H c^<o ssa ^sa **pgaa aa§

J IJ app ass? ass*r» s* as ss as s?ax?s pass ss* «*j o
r-l ri

§ II s J S3 PSSP spss SPS PS R3S psp pasSS PSP'S ffl gls
s

;£
ys as SS PS SS SS SP3* SPSS III 

PS PS || PS SS PSPS saas
SS PPP 3PS SSP5

H £s
Q aJ PS 88P 8SS PPPH H H H

<7v (X OOO
W\ « OOO

HHH

J
8y filI PS »g SPSS PSSS PPSS PP !

JI I *! II gPS PP SP SSPS PSPS gI*5 15i
5

i I§
-J

888 88 
H H H H 8 SP PSPP 8888

H HHrlfCA

a

ji
|] ] ss ss ss? »p sa »s?aa saaa asa "'a ssa ass aaa

]4 j sa la ** *« RI *§sa »a03 III aa II* as* II*

:£
§ ii
5 59
I

-e o<
I i

IK
5 go* -^OoP -* « o ^«om « « ■4 O■40 ■<« «< »Is

h-

R«
i

i i; as SS O.P cpS ®8 ®3PS „3£3> voSS SS ®S,S «SP C-SP
1 ^4 ^4 ^4 ^4 ^ 2^4^ <^44 ^4 ^4 ^4 ^4I <S

I

! 4= aa
611I ;* a 

i j Is J ! J J
5= 3 r j i5

V. Vl
•c Tl5

H
M*

H3 36
!

: ia a X*
M » HM 2i e& R i i i 3 3s oi i . . 

II II
s s: i *. a

o o
o o

li j s as 3 34»

o
aI I<5 «

P4*

!
H!

Hi fc |a
*-4

KI «P

■

S
3

3
H

4J

0
a
*4

f I■IS
S5 - 33 3S a

■o o t:<2j IH 335

iii



:
!;

8
I S88 8

bbsA
8 8 8 
siBsi d3

o 888 8
88* *88 88 *** 8*8

8 8I s
BBB

5f si82 8*
oSh Sn 88
w«^w WW

W*AN >9 v\

3 c^-ci -fr r-ci nc^-
444 4 44 A A

googss”® 3H5 air air aaaa
444 444

sr£irjS Svovo5d >©5 333 333 333 3*4 33; «•
i

\W *&* *-22 daft"ft-'ft as,s ^*ss '“sa ft* VO »\N

H 5*3 82* 32 858* 338 ftSft ft«* 53 ft88 ftftft8
1
8 *

l 3S *38 358 r-ov 55HS*I 232 “23 “5*5*8 222 *3y

§ J
i 3*3 228 *32832S *35 8R323 2825*2 852 52i

!;_ 3
85ft 583, >ONNW, 

H H HHI ftftft 3,53 Annn 822 82558 ft»» 224!

3

S
83ft NOONNhhh2 v\\o

<7vO» R55S3ft 525 Sftft S3* 3*53 5288 22
2
►- IS 532 888«882 52 r, H N 

»»Ol232 *32 25S' 223 235s*Q ;
Iuj

!S 888 883
H H H H H 1 I *si 888

HHH
8888 
H H H Hil 11 885 888

H H HHH

pH'0<^0»0V 88 
r* f«§K *I ^I zi

i $ 225 225
£
a 8 8 888

HHH I*§
i s III3 323 332 53 232 3S5 233 238 5* 338 223 HHH H8

!
§
1 i M 1 Ssl §12 ** 33S 5S3 §§S 32§ 1333532 131 3*3a
g
<
o
2

!! 

«7
s «

<** * -4no: ■4HO -<«o •*«I ■« « O
;? •«

# ; ov®3 <*38 S3 *>.3 * «oft*i j*3 iji iit S5R »»♦ r? aj xr sris
UJ
X a

1‘

Si lah | 4i 5=!
.1a *3•: 5a 5® 

. ‘| 2?
!■ i i ]! P

:: i I! ;i 
I i*! i<3

E3 s 353l jj- JSlS|r

1:
: 1 S a-t 2o 5*S

M

3I! m a soa f fai 3 3i
#H§s a S I 1 5 K3 2

+j 1J
n8 I: 3:

1 S 1
0 f<

1 !
a a
v< V,

! !!
H 3! i

H!
H1S

X
! 3%• &

d 3
%4 M 5 3

o
S Is

%4= ■3 s 3 3iig 1I 5 i i i- a 2 2
B

111



!

I :
I

3 ;js
1 33 3 f333 Ss!4 9 933 S^33 933S 5 5 g§g 99 333

I S»
2 ;
1 :<

r
C7\ oM>^ ejv> *w ^«<n4 r4 SSS *-«*<* ssa P»3 "ss2M 04 a*"

!l »8S PSfl 8555 $P» «P8 32 S 38*Ioc
5 =

S ■'ffS 3S3 8 S3S »y> as* sas »as 8*838“J? I Iju I NO S3 8*8 S88 85J3 388 SPS $88aas *?* ~*8
§ I

5I J 8 5> \o 3$-? *3>8 PS2££8 S*£3 *PS s«**SS 8S5?i!s :iS ;8 *P£PP 8«3 $*S? 3 PS 2ZS ZSS P*P 38*i 83 Sa
►- a

5 *O 515 * 88* P£s! 3:88 *S* S*2 8S* PS8 PPS££8PS |J *3|a f :A£ P *| 8*8 *©8 **P $33 £©* 3S8

8 *3Si £8* 3$S S®3 S*S

88* 
r-4 #H

888
HHH3S*£a

i i :i p8S *£SI ZW •:S
§ i 8 | 8*P 8»P SRg S8 888 888

H HHH HHH888
HHH=!

a S J! ;I£ 0^4
HHH

N PS 2SS PS2 SSS 833 833 *PP SPSsss3 Si§ |
i 5 ;HI 3 §52 5s 333 225 252 *52 »55 sag 3*s ss*6 :3 8a
1 ?

4 00 4 ^O 400 4A 4/0 4^0
<
o

2
►- H

i|
I ■4 « oo 4HOi o

So

j!S :! Ill l£( l» * ill >S£ : *a t i 2<s
§ ;

!5
3 fIfi ll 3!3

■*»1 S :3 I a! 3h 3 5*
OH # fl
S3 3 3

E "" 3 s5 3ia 1 i* j 1 1 j j1 s o

s j3

r 0

1N N Ma 36

H
oi Hm m
m* £ i i i i

1 ill
a1 1 *« t 1

c :
1 i

5 ::§s 2*
■ —H II 8 8O

3
H

3
#H5

2I 1 I1SI
x

r
t

J l 3Io

5s £&• k

i I nI*- 9 S j, j J r
273



i
5*

3 sigg 8I 8 _ -
8 ft ^S§ tio 2$^

d 6 Si Si
Bgg a^sS s^»I 5

s

sis si? 5s s22 sS2 §3 21 s2S§ 
m m t» m is ill aaa « r$ ifrn

£
: SSS SS3: i

:•

lit as nppss'0*p~ &e> sap sasc'>r\'0"PSi rH

i i! as* as s>a pspraaa s&8 pp& a&& ftft *s?>; 5 =
o;

; saas
*

fcPS ass PS 3£» W\s spa spa3 8S !1 aaasss 33*pa pssS'®pspssp spa &$£
5 I £3 H N HH 

a»CKO*^SP? app ss1 p$* «sa1 HNCK N«OV\ 
4 V) VN 4V0V\ll

5
t

£
SS4 S3 £» 88 8 8 

HHHHP£S2 P3P ra 5RS 3S3 £P<8I 5 xS

1*O N <h 
^0»v\ sp£33S£$££ 3pa *11 £££I 11 51

s 1 *-=* 
i * ]=i

I
£S38»p asa888 

H H H 88 
ft rH'O o> r» N(ON 

©»<*<* <*C*CK 8

\ii 3Pft £S ££££ ££RI 8 8 
rH fH

88 
H H §88 

rH H888 888 
rtHH H H Hi§

i t
I

5 } | n'O r» © r*\o
J * 2 HHH HHH
H 2

VNNW\ 40N
HHH HNH pp aaa s&p as as X> CO CD t»* 

HHHHA

§i M 1 33S 331 335 313 31 331 1*3 33 13 sill£5 liag
<
o

5
►-

o

il I -4 «0 4M*0 ■4 « pi b•4 M o 440440 ■4« O ■4 ■•

I ■4 M

ISin§ i *§* !|i 3*f sj| 23 3}* 2$f I| 5i 3gf|S <5i
2

a
♦»< 15 33I |a 5 ^I 3I 31i b»

3 :I 3 Is S s 3 aam a a
5 r

4t
M s 4 9 8 3 23 82 a £a

H

jji £a a I i5I 3 1 l
$5 -i | a1 A &

i &l•: £ & * a &
{- S

H
3
H

; 3
3

pH
ai ! a 33 II 3 ■3t! | *3 I3 4*

■
*»
■

S il!
H

2 25 O1 s 3s
V5 H 2i 8 £

::
I 114:



I

I 5 d ddS dS 
sisd

d d
sSdd sJd sSdd SsJd s?SS 8 8 0

28
s is ft $Ut s gf ftI 5

I S)

5

m !•$ & 9>bbb ft ft ft Gibb •'fta 328 •53 Nf. ONf) 
rH CJ HnH "-'a

II 5 5 3bbb bbb bbb R33 S8S 252 «S 5*2 »5S 88*9 5 =
o *H S 5 3»a as a ‘"ssr **-<0 >r>v\pg <"» r-->o o 823 552 SSR ;

iI » s s<y <o o cm os cS r» nv^fi «S3v\ v\oj Nrvr\ o co h 852 232 55* HOC 
H H ;

a i
Si I 5 5 23883S~ S** 55" 525 555 S3 S' £8 532 CM CO *H

r>coig !is ?4 §85
M r4

588 522 53®

5 588 552

8 8 888
H H H H H

52 5322W'W' 28 ~ 252 223i 53*'' rs
H 3 *o SIi I22 535 855 V*\ CO CM

C* NC253 583 38^ !Js )1 3II 85 255 588 858
•H ^325 525po>o 

0-0 c«>Si *c*8 1 iip 535 S25 2358 252585iI zi

5 88 
•H #Hl 8 §88 8

H H H H H
888 
H H H 888 888 

H H H ri r* r*
i I!5 I£ 3 3 5ftO* V\C^M 

H H H H H <NH O 
fH H •JO*®335 3S5 S55 235 ^2SI 3 | aS?SS§

i 5 ]i| | ft23 S3S *32 *®I gas s«s s* w§2 ?»s gag, 5 5 5S3 2 lSi
£ \<
O

£
H-

l!
o‘ ■4 « o■<« ■« « o •a «o•4 m O -4*0 -4 14-4-4 >4 0 -4* ai p

So

f|2 I i JSi tit 226 xg$ :!ft sfl 3| Sp S|| s|f ! I !s
§
2

3 H381 2
■ •a 3 * 3IS M

O
; 3 3 8*3 ** 35 la:3 • ** § i Ini* i j r j i i!

•i*»s3! O

o : ii i i 33 I * i 
i i *
i i I

I 3! i i a 3r'i jfJ a13 3 3 2s

3
cHI

•H1 f 3
Hi 9! |} 5

o3*«
♦j

■
od

s
31 a

38 1tt H

4 533j*
115



it I!
hi hi

-ii sij

1 d d d d d ddd
sidd sidd sUsS siBd

d 8 ddd 88 d
s! 5 s i s s ddd8 4 91 991S
___~e~ S§s -See -II els See ees- o^o eel ees

|H 5fi S Hi as Hi 5H m ffi 5H Hi Hi
S 28*: %i

i

SS2 883 2883 2** 2*8 S22 283 323 288 SSI?ill NH®238

H 888 332 33* S*£3> £22 33® 3*3 2?* *fcfc 33,3 3?*2*8§
8

i 83,3\ 333 *** *** *8* £3* *R*ass*222 332 888*281i 4 | 333 33* 333 332 332J ft®® 222828 322 33383S2 228
5 fI * I
5 ! - 
S ;

I 228 222 222 282 8288*2 822822 3*3 333 822 38.23

§1 8§8 888 828 888 828

888 88 8 8 828
H H H H H H H

282 *8S3*3 *2R 888 '©'O CD N 
NM>2*2g :

H- <

! M 83R8 888 888
HHH

3882 288 828282;
SB hii 83* 8888 

88 2

88 8 
H H H

888 288 
H H

8 288

88288 8828 
H r4SX

5 15 833 88 8 8oil Ijsa 8 888 I § 888 
H H r4i§

s II j 88* *22 22S 282 8828 Sfc* 8*8 888 822 2S2 288 822

1 283 82S 83S 8S& 2283 8*2 8*8 fe82 883 S&3 252 883
Nj H H H H HHH H H H H H H H H H H H H HH H H

£
8 SI§
■1

3 M*
§ *
2' <
O !i O -R F?C> ■« fPo

i■i ^no •4HO •4MMO 4NR RNO Am o AmI5
►- Ic
I 11 j i 22* as 3$ S2|E m 3|| Sg Sft lf| jg lgj

I
< 5 I■

5 J | .15
Ml m

II I i i j Jr s5

1
!

m

5 < « ia s
M

i I I ii I>.* jj
♦*

£* £

'i I i *f a* 88o 5 1 *a3 3 §«

!
HS Ii |? !

H
S
©[ £••

t5
©Irt *!a *2

■! 2 2 O .H!
11 1 18

I 353 IO »H O r
- 116_
:
-
:



sk

1
44

3 5v V
81 £J

K a a
I !
3

3|
d8I I d ddS 88 d d 

&& Ssis*II sidiS 58 S 5^ SddI f dS Sddd 6
!

H H ~S O H S’ 3
£Cl>0 «rfwv% -*f 

cc ^ 'o fj- N ^ rj- d^fJ

1 §
2 2

5 <BS§«1
CW'^ K“S^>

Ssoy £S2« ££ ££ ££ w%y> «o

1SS 1111 11 11 11 444 111
o

: ;
J;s *S£ NS»f3 ass ftS"° 0'S,8$ 8 *8*ffl to rH VO HH«

rtHH r« r* I<8* ;
II 8SS 8R?£ 88 &3 *3 3 RSS &8* &££ SS833£ Sfc8 £I 5 =

o

,1 8
fS 3 a888 aaaa ®3P '•SS ASSV\€0 

H H AS S88S«8 tfSSA
I

Uj I SS2s&« a&sa as s» a 8 833 S»3 ~a8as 8$8 R&8
2 .I > J 85 s 5*53SSS? SSSit >o w 

r-n 834? SPSf'-.-l -4 v\ PS8 88S £££S
i8 u 355338 S 8 'OH'fi

0»0«N 3,54? SsSff888 SSSS m n v\v\ ss £££ SS8i5
H-

^3
3 Si fiiQ £SS! 8 S £38 SJ5J8 888888 8883 88 88£8 £88 S3£jfC ! fl§ 888 888 

H HHH

H N O 
«^«> dK888 8888

8888 
•H r-<

8 888 
H H38 88 888 888 

38 83

88£Si zeJo I 838►=

£ 888 8888 £5l *d

888
HHH8 88

H HH
8 8 88 88 88 88 88
H H HH HH HH HH HH2§

j >•
a || ] S8J? SS8Ss 3 & 38d aa« •‘SA aasS8S 88883 ASSAs§

1 I lM j iss a32§ S5 sa 22 §s§ m * * SSS SA* 382 ASS53 s ia :
£
2
O l s ^ « O «<© ■4M O -4MO HAM4NH•4 m o •< m o< oi1S»- !Ic ;S 3§? i» p S?5a s

3 4
H H*S 1 I sk S?3f 23 J| 32 s3i !k£

Ui
z /
§ 1 f8 3‘ i Is |l 

3| 31 I
i 3* a

J 2S X §«•
4

»4 S IJ a a-
2 *3iIs 9 9i sS S 3m m m

1 1 1
i m

r I ai< ix

S ° oa a S 3 
¥ « i I ?

1 1 1 
5 i A

as i
£ «
: s 3 2 i
S3 2 2 <

2 oS
J

aI a -a «i>»5 tt

I i
H!E 3 3 i£ I8 ££

3
H «•

■| 3
St I!3

H I3
•H

8a&!i 4J4»

■
O

■3
H H 3

%4 I4*

k

If

j
C

ao2 at 3 3i9 £ <HI aZ &3 117
619390

b



r
;

;
I!
:
'

3 g g g
S88 *88 888

8 888
g8$i si 5^ fig£

888 fifififi B 
islsig fiftftftft ft3I

!
? S8?4 sssss 333i JK* r>?? So" ®-----WWW WWW V^v\ v/'fi V>

333 333 333 tti 3ii 333
°s§ 5 SsBsSBr 333! ttd Bill I2

-U-k«■

I
Ml -*sei eiftftrto*« *SSN»M•''23S ftftftftft ft nss:=

: I! SRft ftftftsaa sas ass ass assfcfcRS ftftftftft ft§' o
*
4 Iy 553 3SS ZA*■*■*■* r\* 'ON'OSRS ssa

i i •J>on® R® 8?® o>« o
H HH’0'0V\4 V\ M 2R* asaassass*.-■

2 fI 1 fc?i& 8&S v>3SK?2 sa®H ».N'0» SRS>sasSRSRi
5

£ sa* *ssrrs eas »s§ 
a&e sssj ss:

aa Os sss 33S8888 
H H H H3

H
35

o rai SRRRR S RR8 Rfcfcass as*
1UJ

fE 4 s a* 'ONN © Os 
Os OsOs Os Os 88 

•H #H
8£8 
•H rH

88888
HHHHH

8 sasa *
15

U5 M) © N 
Os Os Os ass SSJS 8R8 88

fH «H HH S
I

i§
-J

888 
H H H 8888 

HH rt 888
HHH

8

9 31I 1 S»S S5R a^Sssass s «s ass'O ©CKO. 
H H HH SS* SS*Sisg I| M £ N'O'Ofr ^-nm N n n »on t^>o h nv)o> r\>flH NHN onw -»n<oi sssS sssaa s saa aa3 a^S a a5* aa® aaa aal-

s 3a
1<
o

5 !l s
■« « pf ■< m n -4 «*o: ■4MXO ■«RO 4NO -* to O1 4HN

IS
1s

*s i >3R rim * *a m m in m m m= tazIi
J.

5 3 33 1et I 02! >5
|9

51 ^a 31 3
3 3* 3too o

1 IJ i Is 3 l
mr 5

s
o: 2 H a Ha a msa i - “ ’ i i

i ! I i I 1 I
N

o £5s ■: & 1Ii a £ 2!
! I I 1i 1

r41 I !I i 3
%4

5v«
K s

H
9*; 1 ?1a 5%* i r

H
6 a; 2

|g
%4

h a o; 0

1 3! i13 3t |2•: II 8& 8g
o

;
118

i



!
5 ;:

;
i

i8 8 
o o

sJgS 8 £88 £388
I as^sS gll 8 8I 5 £868 £888 5^88888 £888

i si is i in mimi %i6
£S2 SS5 VO'O'O'O v\-*s^\o ww35iw w'O'O V) V>V\«fl '5'j"?'f«i ns list ^44 mm nm m s ih sixsj

i

ill s?
•S'0 S25 •ft?; * *33 W?S58fc£ 5358 53333°' 335°"° f*

II £££ ££R 33>3* 2 £33 ***»&!? 3££38 »** 3 ££$ SfcRS9 !3 ;
o

3 2S3 SSSS885 S?SS »SW$ ££33 8aSK?8S 88383 3 3a

IJ 385 388 £»££»£ fc»£8* 3*3 £ £££ 83SC**8SS *3R*3 Iii J SS» 333 RS3 StS3 £3*3 SSSSCt 3£SJ SfcSS:3P£$l £3£RI
5

£
£ 'S38 3£SS g£& *££ £££$:SfcSSt 3333 ***£££ SSSSSs
►- Sio

!i 888 888H H H HHH
i i 333 3 383 §883

888 |88 8 HHH H H H H

»S33 £338

*!!* §!§
3 3

838388 3&3S&H H HH

8 8 88888H H H H H H
IU I

£g IIS
Ji ;•zl< sI zv

j*
§ A I I 8 \
=j
a c

IIJ !£ : 353 355 Htfflfc 3388 8S3335 83535 383 8 RS* 3838SSi 51 M 1 S'3S' 8|3 8833 »S|g ££8£88 £535$ &3& St 838 833|3 i4ag
<
Q

»J * 4 A -«4*4*o^4*4*4* „4*4*4* -.5853o -.85So -< « O◄ «o <« « o12H-

I I j{{ jJ{ I3S! :tg UJg* JJfi* ill i lit tJR*§£ t
<5i

5

2 *O
I : ISills i * I i *9 J3

I5 H H o 5

J j 8 1 * 8 5 |
ill?

i *t is
3 2

49 aa :! o"

*i 3 31 :
1 1 •>

3H !9JO3Hi 3
io3

Hif 5:*
32 a1! 8«• Iia2

119



s
5

5?

1 898 88
S188 66 &&8S £ ^ 8 263

6HI 3*8 8S
8^8 8it 888 &t

68I 5

! £55 SSS !§?* S ~e°23®SS. HHS SS £ *2 3s ssr sssra sss 3 33ala iaa la! it «t it Hi st sill a t t iii sisara ra ai«

Hi 28ft ft ft ** 8 3 823 828■a nNS -vo^666 •,ow'

H 666 S&8 686 S& 8&8 &ft *8fc 88 6688 ft ft & Sftft 3SS>S
o

I3 8 R ft 8ft2 2fcfcftS* ■*■*5*^2*° Sd1'' 88 rH(0 W\W> o r»r>H H H •8*J5 i Ij

i
NN0 4<hN H HHH ft R 8 &ftft ftftft^S91ft* Rftft ««ftft* 88H HH H H «

2
I aj I 9 8 288ft ftftft 

ftftft *23

ftftft *S NN NN8) 'O NW>ftfta 8ft aftftftft 3ft
i

i1 as a ft » ftftft ftftftR*R £8 ssa 2ft noftSfti Mi * »22 488 ft* ftftft ft* ftftft ft* ft ft £8 8 8 8H H H 88ft 888HH HHH323O Ui I iSfu hig 833 ftftft 2Rft as ftftft ft8 
8ftft 8
r4 H

*22 88 H H 8888
HHHH 8

hii 382 ftftfi 8Rft 23 ft5
£

ftftft ftftft ftftft 88 
H H 8ft §I§

5 6 I! I Ov'O Ch 
| HH2 383 838 88 338 33 833 3323 833 838 8338 33n§

i
3

1 H 1 *§9 »3H 323 33 333 33 §33 §3 3333 333 *23 «sl6
8a

g<
o
ft
h-

H ‘ o o o o
4 4 4
4 < *

no fi* -4 o440 4RO 44 o 4 ol 440
M

ScSi1
M i Ha sSa 55 3ga ?3 ?S$ 33J3 3 3 3 3jgs t

azi
■5i«» i h ? t.

i 13 f i ,
i , 3l s| il :| 1 , , s ,3 i 2' a* r s° 3 1 1 ! I

** s■ 1rj

«• 23

I 3 3i 1 i
2

E
22 si i

i i
l i i i o

Hi i
i i Hi i

SH i * ! i i i
i s ii itl

Hn i! 2 1i 3
3
r4 1! ! 1i

X 3 #I 1 3a ai=! a s a 1s I ia 5 3i ig 8
tI2 Is t: 4*

2£ £

i2^



••
;

ii
ft : •

s5
■8;

1 I ?: 2 '
3*
3?I

I dSdd d d d sa 
$d&3 &d&$ s5«2^ $&& dzi

d dsl 5
sbddd slddd ddd Add 4£d5

i
SS si d S5SS ggg.g g~s ggg

1111 1111 111 535 333 1333 1333 iSl 133 111
553s SSd 13 VO

;m ^nn 4 o>4 n on4 ->-%o*"a»s sas -as'O'OH 
HH H *S3S

i! aasa »aa« aas &s& ass 3R&& &8SW 338 drt8 as aIa:
S =

2 §
i3 28S® aSS** 83® SRS* &3R aaa 0-0

HHN•‘S" 88S* H'ooa©
HNHH

I=? i'J saas sasa 88^ ssss, &3s a*8 SSfcN«ON 
»-« r-< 8825 ass's4

3
s SPS"2I a J 8888 888S» 8S58 sa,® SS£8 3£8£ SCS ££P PPS?1s

1
£ n

3P8 jLI u £888 8888 888 8S8S SfcS «3Sftflo 51J 8888 8§R8 88£ 8R£

88 888 888 
H H H H H H H

8888 8888 888
HH HH HH H H H

I S
888 888*»** s

88®|? 
H H frrt

uj

I i51i 8888 
#-f r4 rl 888 

•H rH r*888 
H HH£ K ?2d»8 II 85I *« H

o •
♦* 4(
O « f£ r2» p 8

§1 8§ i

a i II 1£ I
I

assas8a asa aaassa sas ssaa«NN»A *0 VO NO W> vOflOvO 
H H H H HHHH H H Ha i§

I M §ss3 gssg ^ss sgs* 8388 8S&8 888 £33 SaS
0 HH HH H fi H H H H H H H H H Hi

ia
:! :* * « « « d

-« n Ho -e « o « « ■«
<

•*«*?<> n H’H*s
H

* i2 1 j- i1S
K

◄« O

lo r

!i

33Ji 3gg *3£ 3gi j*» mi m m m■!3 4
<3

i ;£ f 1
n

3< I
g

3o ii :: Is3
i J& !S5 :l ali :3s 3 J3 I2 J is j S Is y a«

s 85

S
M

g
6
S

5 8i i
M M

! ]*» •»

3 3 3I I8 m2 a 3'i m M MS a
H< jj ! !II ia■s

!
H

9
O

!
r4 l

H t! Sa
4* I

H

4>

O

4 a
v«

a2
Ii aI2o a£ £££

22i



3»
1 g S3 sJddt? 08 0000jgg s^aa add agg80I 5 S ds3 *^88 tea 5SS

! 1 §S 55S)
„ ,.* 25§ SSS ?S3 SSS SSS SSSS SS3 SSSS sss SSSi it sft tn in m xn nn m m« in «55

N fH N OHfcits *25 ®3-s '•ass«» *23 **ssr rs
<M

H »»»« »»« 3£fi* S-P ffSR S3* 38R SRa 3R* R*** asss
I

a t3 N 0>0>H O CO CO
rS H H

0*C>.'0S»SS •?»»338 Sf3SS' SS aaa »** aa&s
11 82SS »3S 2aaaaa 3** aas »»r sat??? ss?as ss- SS-ff

S I
1I PSSR »3£ SSSiS£3 S'*a rtPR 233 3<S£ ££££ £3£s srI£

2 saa 6«s SSSS *££ sss*53* as"3 §888 R8R
H H H H£ SR Sol*5s

I- ! *
5 y &RS3 888 RSR

8888 
Hr4HH

5tSS RS3SScfc RSS8 88 
ft Hrt

S?£S 1 51s f ai 11888 888 
HHH HHH

&££ 8RR 8RRS£
*1 s« SI­ RSR»SI zi

i 8 888 88
HHH H H8

a i
i

II ! a ssi£ O'ow) nn^ nnn w\*>w\
H r* n HHH HHH H r< H«3®3 W\w\^'0 'O'O'® 'OCD'O 

H H H H HHH HHH83SS SSSS3§ £

I H * Q NrJ OOC) O <*>»r\ ®0>C« 'OOff. Ot'H CDr-E'-ON NN« OONn S?t-o r\rv®^ s ss saa saa aaa aaa aaa °'sss sss aaaa ssa sss■d s 3S
£<
O

2 H in
! ^ND ◄ M M◄ ◄ ◄ ◄ MO ◄ MO ◄◄MO ◄MO ◄MOM ◄MO ◄MOI

i i 5 5! sit !!$ 4! m 3|J s!J| 3J| sS sJj s5|s 3i£ J J.1 1J.< Cl|r I a • *7
◄*

a1; I ?s 25 al a! *
as : s as as ISo zi

i 0* • I O h 
^3 ©

:cal sJ I£ 8 8 3 3
l

i
a si a5s :2 S iK ii2Sa 3 • ?4 V.

a« a5
I 22 2 22H £

T3 i | 
£ 21 al3 5I 2£ 2a a 8 A8

1
| 3

H! Ii
Hi 3 4»4J

$
o

3
%4

4Ji 02 aS tr+

1 I l1 A J s2 2

i22



1 I
!

I
:

r5i
'I d dd d dd d d dd

aa«$ asi aaa a^a si si a si «jdsl^s d sgI 3 ;Sdd as^ HdS && 88!
S>

S33 333 .
<4^otl 44 44

3 sss Is SSS Sss SsSr sssS? § S32 NO ;■111 44 115 m mi mi f:
l ■I ;m *22 ass v>noa “lOflin>04H i :55 "ft ftN O V\ ftSd ftft HHV>

If.11 ;
8S£ ft£3 858 328 3S Sftft £85 2££S 2583ft £3 ftft £3I i!3

o

f3 3858 522335£ r'8£ *^2 88 »HN•£3 'OJ» 
H H ®S2 P-» v\

8
£ i Ij 2££ ■'-££ 222 888£ 8833££ CD 03 2d 5S£3 288 O35 !5 ?1 I I S3S3 8883£S£ 8S*£ 5££ 

3>££ SS# <*3£

N V3
<»*o»83-S- 588 2£c> 5885*'!

5

Mft
g
s « 888S S82833 58 858 "8®£££ £383°

is !Q 3883 8238283 233 335 333 88328 £8 poo O Q
OOO O O
H H H H HII £88I j a j» i il 3883 8232I §88 888 §88 

H H H H H H H H H 222 -21 :888 88
H H H H H 3©£ 2£J

}i ? p <*Ov Q ONNO0(M>0 Os On On On

88 8888
H H H H H H

82 3iJ
i zs9 822§ i

S t
|| ] 222 323 2S3 222 22 82

* 252 22 3 323 358 38 88
u H H H HH H HH H H H H H H H H

ft I
5

233 232 5352 2233225 as
§
i §22 22 233 *35 3232 3522! H ;5 5a
S<
Q

s !! j -< « P? £ -* « *MA « o -« « o•< « OA oH « o Ann ■< « o
I

i i rii s!3 y& 35! H zi
*h N4 h n n

!| rfj xSJ 3Rl zlft ■33S9 i
<5

!a
£

3 1 ?
j! 3
3^ 3

3| 32 3f

rP 4
K

Ja5: ;
-3 I*

!? ?5 J
A*

rj s s
• o
► 4*
o •p3l is5

lh I! •3J5
hh q

Vj ■ 13 i
O V4 «
£ s

:2 
• H!« Po co

i s
o a
o

^ 373 3
3 S 3 2

cor 3

8 HH« i

i 9o *
S 3H33 i n !5H 8 * i• o

1 5
A. <0

3 • jii a s: 32 * s3 5 r \3 tJI I £
Oo

o

1 323 &w

s
fH

3
O

5* I11! 3
r4 !

•H
3

r-C
!
5 J a

%4 3
%4

♦Js
%c

o

It? !
III u3 32 1I2 i

123



y£ J gg BgBgggggg
3gg isi BB& ieii sifiS 3eS igg ^Sg
g

3I 8 888

I ss 333 333
SiljijH S 11 aj

3333 88 28IISS|. seeee s~5 SS see 233l m3 iH im3
111 3R8 NSR 3SR SSf? SSS 3&aNft&V> o. f-"Sft 8»3U

it RS$ &8P PS'S SSS 3SS 3 S3ft 2fcb *$R S&8 Sftfe§ s =
o

H3 a*R 2>RR RRR R3RR33- S«$ 2R*383 ® l*'0•*3S &*a
I i i& R3R 3S38SS »3R 833 335*fc*R s«a PS'0saa
§ f

2I l S£& 888 S8» 38fc S)Nfl3 NN« 
OtOtOv 6vc>0» SSfc83a* R5>2 SPP

!

5

S

I &3SS 888 888 888 £££ £88 588
HH H H £88 

H H33 2 ££8£83R
O *J1 ass P£R 8££ 8££ £££ 1 8£££ £88 

H H 8i 8 ££8*s ! a§ 8£8 8£fc £88 888 
88£ 8

888
HHH

888 
#* f-« r* II* 8K

5 I £fc§a
a 8 8 

H H
8 88 

H HI§
i i

I
ill a■D S3a aas sas s»s 333 sr* 3S3 saa aas aas aas

S1 ? 141 3 »33 *s3 333 311 3** 3** S3* *»3 **3 **3 **3
s J 6 ia

§! <
o

£ sin
o

4RA Ao •4 A o 4no 4n<■4 « O ■« a© Mno1 H ao ■* A o
A

I 3S* it sS| it si 3|f. „ S8S,
i i HA 4141 41s

UJ
z <5
|

* ai 3i is■
o

5 II3 £
oI 113 I1

9 1H! 52 s I1 1 I i s ■ Ia S
s

i *II s
H

a a a* * * i
M.

«s i

i I
fl h

£ £

o If.aH fl s g g-■S i j j s I i i 3! S ia* 1S J£ a a a

1
H 3o? 3#•«3

r* 3
H 3

rH1I
i

3
H

4J2s ** 4J 4J
& | a ! Ieo -J2H H gs l1l lr X

124



s

5l
I ae d s? s

add s5bd8 ddd d£s saasa sJaaaa aaaaa s$# d ads $Js$a dad
dddsI i

! I
'§§ ssSI 8

'O sSr SS£ ssS? »SS S3S 5SS3S S3SS2 dSSsS S3
it! HH 111 333 13311 11331 11313 11 5 Hi 111 1113 !

!
If! i*88 S&aa SSS •**3 4HHNN r4 gj fjj CM O S'0 Nn» HNfc O VO <D

r<n H R H H

•’

II 3 S'S' 33,3-* spp &as ft&fiSS SSSS3 &ftftSP ss a sas kba sas5 =I
1 i
i %3 NV> O *h rS aaa p»p V\r-'0 rv. O. <ONN<DID OtOO CvV) as a asp asp a»R£ j ig j
!

ftaa asa ®S332 “°'PSP aSPSS PP ft SftP 3Rft Sftc*5 !J ^©H 
« OvN d&PS SftS1 ftftftftft Sftftfta S3 ® PSP SSS d£P !!s

'
j

2 338 SPSS: 3S>S, 8R3 SPS3S 3333S «3^3 33 ft £33 S38 SSS

£8 ft 3S3 38 £33

8§ S 8 8 888
HH i-4 H H H H

J5
►- is ;5 SiO 11 S83 S8 S3

H H H SP3 £35 ££3£3 *ftP88 3Pd£di JIu hii i:s s I §38 3££ PPPSS SRsJSS S82S&Si
i I 'JH p 8 333 3SPPS 35-S3£ 8PfeS8

H

888 88888 88888 88888 H H H H H H H H HHHHH H r4 r4 r4 iH
3£ 2Ws 8§

-J

82
a 1

5

i!£ s£ a pap ssa aasass paaa pan aaa n^9>Ol9> IJOOl^lA asss*53s1 I J*f i m **2s m sss fasss sssss mass's is s *s* 22* ®*s5s
I o" ;<
o

2
H-

*?! Am 4Wo ^oo -H « o hmd1H « o■* MlI 3
So

f5 H s& rt?i 2!fi 2J* sills rfjfi 3°4$i n I 3?< rf# 41tsz
1

3j "< -l|
5§-

r p - s a i33 3 3 
3 3 3
ill i j

i
5 3 3 3l
3 II lJ J

5 i:l ji?t

;r i n HjfsI 1s £ « 8 H!
M

HH N(! 8a £ *2 M H2 M8
3 5 3 8 i 51 I i5 | 33h a

fi s: £1 I I I Ia !
3

r4! 3
V. 1

H
9 S

r4

* f~a
OI i aK»-< 9 ♦J

■

4J

IS♦»

m
oa

%4
ads N

I3 3g Its Iac •j

1 I J
w

5
M I 22

i23



il
ggg gg g gsg 8 8 8
Jss gga ^ss ass assgggl ggggs

iJgg 4£g BBg sS$Sb ^s2 ss
88 88 885 S~ 8 S3 28S 88 _______   ^wwssr 2SS 3ra S~S rrs ^ s^ sss sv? S?7 s77iii its ^ft in iii sit m m sss ms

S» ss$
a AI A A

HI 
* ► -

35:5 55 £ 555 3s*R388 ^RffJt'O CM 
H H H53 <*33 Jt -H a *^s ^>aa

ii $£8 S38 S83 5® £5*5$ 853883 388 5B5 355 35338
S 5 =o

8" i 8 38 8-2® 5® 5 3® 2NdO ffiOf-
4‘5'S r« v^p-833*35 3850 3®8 58 S33Is I 853 538 588 5831 $SP 8S54'0 0» nr\wN M> v\35$ SSS 335S3

3
i 3 i £55 888 888 358888 588SSS 5381 sa 558 538 858!£
S

2 *1 £85 888 888 S88

888 88 
HH fH

888 888888 «S$ 888 $53 885335

I isO
888 888$ 'O'flO

C*CK<*
QOkO 'ONO5(S5 o» c* o
H H H

I I*
888 885 888

HH »-l HH
8$

hi§ I888 | I8 888 
H H H 888 

fH fH fH88 I 8 8

IdI £ 888I *I 8i §118§ s
i i

i
!i sCD 553 888, 8°° SSS338 533 855 SSS 33$ 33S53 Okoco

HNHISi§
i i Hi s$ 358 $33 588 538 835

H H H H H H H H H H H H H 388 833 338 383 388 5S8
H »H HHH «H H H2

a
g
<
o

a
f-

o o

l!n
i .«,«• ^ « o ^«o -4n o■f M O •< « o■« R o ■swo «

2*0

i f-v> f»S3 >o2 ♦ r~5S p-85 p-83
■iilji AA« 38jj. A 5 ^ 3A3 ici^Sp Ha aXS aH a$1*i I 3%s i

<5i
5

ik l
r°3 1fill !

*3 | ss
S3 1

k , ~J la
! I |i P I

i^s i
fHO «s-s• ^ t fl f

a q +> *4 a h •<
i3,s ill Is i i

Vs: 3
££ 3a 36 a i ia ic ai £ ai es 3 £e £i

o
3 33 S *i i * * 8 8831

©
1 1
CD Oi I1I I 3 3 3

3
H 1

fH

* s
p1

rH
!
•HaI a £

o
3
fH

H

«*
»o

a
Vf

=f
s 1= K KI 2= 31 I i 2 2

i2tf



a
I 88 a

8 8 8 «J8ft 888
88 8 8 8 8 08 8

88S 8^8 ^8S 88^ J2SS 888 S52
I 5
5
i *

3
:

4fi3 “’ftft &hrt sss ®sj? 2»{? 2S3 ft ft ft ®^ft ®"ft ‘’""fta^s<M

II £*"& ftSS &33 3£ft Sftft RS'ft S8ft S-ftftftPft 333 $ S SS 5 =o *
i3 Sftft 3SP 333 8ft3 ASP 833 nno n«h*-8Z »38 3 S' ««
i IU- J 2P* £33 ftSft 8?3ft Sft« J»-» r* C'-'-O tv®tfft £2P ft ft P3 t
tI JI 3Pft ftftft ftSP £$£ PP8 3°2 

«££ ftftft ftSS ftRS ftftft 3££

as3 SftS ft S ft 5‘3W' gnnI
5

£
g
2 u 25® S3*88 ft »o v> >o <* a* ovftp ft

*Sao ft|| S|P ftftft |8| £S| ftftft

- * III
££§ 8 8 g 382 fttf® ftf?S

rt H H H« ft£Pi
I f il£ I PPft Pftft ftftftPftft S|88 888

H H HHH

*
!i £$S S33 333a a saa s:43 zi

3 aaa aas g§§888 8
HHH HI I§ i=!

a £ 11 j G2& 388 388 2fttf S2H S3}? 32S Sftff d d ft

141 31* 2ss sis 333 ass Rsl 383
J a 3 _________

s I
i

329 332 333
§
i ft 8 ft 883 833 388

H HHH HHH HHHftfta52 8a
|
i is 
§ ?! 

I U
o! H* O -4 « oAn o-4«o -4 » o *4 « o -4 « gI
rt

1 | sif ISJ 3K 3S| lit m 4l *S* ? ? 5 **2 J2J 32£
3
5 I 3|

||i 3 5-r1 1 a

I
•O

1 83.I I1 j I !* i i p I III I J I:

I
5

H HO H£ 1 i ,-«a s a | a 8 
««£££«

» Hne2 j i1 f 1 ii««; 8- | J IA <5 £31 ! <3 2 2I j Iaa 3 3 3 33a 3

9
H !lf■ !

H £s! 3
O ii3

H

4J

at

g
V42

1!K

iS I
E

a
rH *C£

i27



5f!f
*4 «*4 
H H
• •

II
35

5»
2 68 66 66 all all allI. «I»6 6

666 ^B6 8^66 8
s5 6B6 986 96I S~S §s§| ofl s§§ III §§

nxKi xn m n
4 44 444 444 444 44

sfs §!i 
m its its

Sj_
-. ^ ?? invj» w>ww y\‘-~

ili in 4«
55 eSi

■

III WJ^VN v,^N *>*>*^aa &*a saa S33 88'•32 •as -“as

il ssa *s?a sss*3 SB &8S, 3*3 c^S-ti S35 =
o

£3 x?<7"° aas sasfcfc* »Shsaa Sftfc SfcS
1 5i \ 3S| ass gas ass

36^7 338 333 £3g 
*3

23 2° 8Sg ©g? gSB

o i

i sag ©gs&ss a S3, •S3 S3*a*s2
i 5> 4 aSB &83 ggg Sfc£gg© £33SBS1

i

£
; y1 ass gas SSB R8© gas saaR3S

§1: is
SJ 3gg gaa 3§a PR*!; Sg* 333 S8Sass a§ac sag S8g 

83 § a 

a a

a; Ii
! ! gg|^ ©S3 888 S3Ss a *15 *21 

a a
8 8 
H HPS 8 g a

I?“

hi5 'O SO 
On 8©3 883 3888SP ag 5S
2*I aag I § 2 § 88£ agg aaa aas8i§

_j

I 1!a

I a»a S8® sas *sa ^sa a»a aag as8 ass asa ass
§5 1
3

i} Ji|s 1 4
* «sa ass assZ H H H H H H H H H Po3 8S8 aaa agg £5 ggsj saa ©sa
3§

s<
o i\ \ 4pFo 4»fo 4 K4^0 4 « o mXo 4 0-4MO 4HO1 440 4 « On5
H- lo
£ /2*4 2S5 23! 23! 4 *8 41 41•! * i iR iSJ 435! zI n 3:1 3 2 33 bsIs5 I= 3«H

«*J 4
■

asI: i fafl ^ 3? | 3
i lJ 1

34J

l2 I a Jill: 3 3 4
£ H3 N HH

H i i HN nH tiM2 a■ 8I I i5 ■i 1 I Is ■.

3a tr5 J4 4*JJ
a9 9 & 3 S 5 «S£

1*4
oI5 5 t?! ir4 K53 9!i t #£

i£ !i »Is I &H

£ 3 £ £ £

i2#



a
0-9 r-4rr
55

!
55

»
*3

3|

1 S3 33
988 sS So «^9d 999 <£ss 5^9

dd dd 3 33
999 9«$9 99 $$9 s5sS&

3 d ;5 5 ;.
5 ,I SS J3S _§S _§S|§SSt. ;2 s §22 222 2222 S^S S3 S 5 S 2'O'O 4

^cU. m m Hi iH Hi Hij 2 !Ill 111 2112 ^4a
!/ ris -* W\N NHlfin S3 ft ®S8 **3 ^33 "&S *''*?£<?s I

il 3£S &8S 33fc» £*ft &3& S33> £$$ £33 SSS !§ 5 =
o

i3 sa*- sa*- * N C'-'O »5“'1 2SP °IJJ sss sas safc S35J I£ !1I -1U. J ass ass PSS 338 £38 £8% 8S& S3 3asrt3
§ f 3I 2t J 3R8 gsfcR 8R2R dPS SP8 SP8 33$ 3SS SSS§§^S2I tj **-?■g y S8S P%S &P*£i ggs rs?s SP3, £££ 3 as- ass
£ §?3 *Q

883 SflII5 88§ 8SS 888§ *aa *%8 82S £23 SRP 3S3J r

I O U a &
UJ

!
£g 8§P 38% SP3 g£%8SS

H H H !M« 2858 ® § ® 
38% 8 8

I I__ I

s zc
J f<1 5 4^ 3 338 £83 PP8I %

If£ z=
si?i§ S 888 888 888

H HHH HHH HHH

a £ 11 ] 3SS 332 ££23

]41 §Ss 152 **Sf
I
I

£8% SR3 ££S Stf&2P£ 2PSrtP£ :
\
i

§
I **S 3*3 SsS *** 333 3336 3883 sa
1 •.
<
o

HIT
^«d° ^«C?Q8 -« « o ■< « o -4 « o■4 m a Mm o ■«■< « oIs

t- i!
i i

fA sift rif Sff S$ 2?|i S|g 2|| 2^4 3f«“ il :£

2< 43r 2“ 1
S33 1?J 1s o u 

*d •
SCI r | I I J I Js< :,=3 I 3

r
S ^ a‘ i ii iA _I ji |t; ii j*- 3.* 3.* 

53 53 5|r 2" r
2h5

8 i8 f a
fi 5 3 33 S l r.

a
o

a 3
H 3

H1 O

4»

■ 254 £2 3 3s5 25 a3 5

129



i i 1
a .3 2
A A *i I2 5 ;
3 »

I I I
* Si 85 d9I J dd 8 d 8

si g 8 S^8 888 sSd96
gJgs d ssI 5 gggg 88sJ ggg 9 sJ 8 g 9Bd si 8 g 988

3 5 555 Ss~ 5 5~ R8~ 5- gs_
WWW wwr4 W <^W N WWM rvw O r\ _ _

V\£>o2 v\>c >0 SO>OW >0 wvod VVOw w«Ow '^'© *-» ww>0 ww*w ww^ ww^ •?

^titj-i 444 >^44 4 4 4 -44^ ^44 ^^4 ^4^4

Sl s s*§!i
3 SSS SS
:;

Hi ‘""'S 662 W'S^6>°23®P2 3R8 3R2 SR®N'O'ON'O OV\© (NON 
H HN H NN H Hf\N:

i
i!: 3 RSS 323 RSR S®8 RRR R8R 66P 8RS6SRRR S'®3: § 52o *
i I ® (3 2 ONV\ 

H H 2P3r'HR®R S3R (33R 83R RPP3PP8 RRS1 8RR
£ i IU- I RSSRSR RR3 R33 RR2 2 S'0 8&sr'RSSRRRR 333 RPR Ra !1 1 »S3 'O'OV)

(DON ~&R RR2V\Q CD >0O N NO N 
(NOvOv P»<N(NP3RR PS S' 83S P2i

5

S

2
'O N V)S33S ®S® 3flS S R8R R88 R8R

H H H

R 8 R 8 8 8
H H H H

8 8 
f« fH

SSP 'O'O o8RP
Si 4r\HO 'OO^'O NHO 

(N(N(NO (NO(h 0*(N(K RPR R5R t^«o m0«^N ® 8 82O :1 R®S®
l I *3

1 hig RR®8 RRR 8RP 
8 8R® 8R8 R®
H H H H

§8 8 88
H H H HH

888 
*H f-4

SSR 88R
H H888 

H H R R8
ii - :J N PS3 NVO R 3I s Ij

88R
•H #H

8 P R 8 RiI
i i

I

1! I ^t'.wx »»14
H H H H H HR2(3® R8S 882 P 882 882 282 P23 noo» 'O'On^

HH HHHJ3§

1 |a| 1 Sl25 fe&2 *&2 **2 **2 111 233 23^ 3^5 233$i5 SI a
.- 1<

o

a
►-

3 5

!i !
!K

•<n MO M MO 4MO ■< M o -4MO ■4 M O 4MO -4M n 4MMA

!=
1

i 28* 8 78S 2RP ®8R <n2R 2R®^
j <i4o A 2j4J

; £
uj
z (5

! i
• J ias*
• H

3< a 3
"i! 3« « • ^ 

■s s a3 «a a oIS ISI s • • • •P «* d d
h h o o 
§•<*»*»

a • * • iifIs J I I I i 1 i JS
r . | i S

g ® M M

0

1i >a i j >•
8 S; ii M jj5 1 Ia a a

3 w« 5 w, 5s t:
8 8

5s M! s Vi

►>
«i I 88 O8j

| 3
3
O |3

O 3 3
wi

4*

3
r4[

i
3K 4J 3 33

3
•Hs 1 9k

33 3
• H 3 9r ::• a s8 S

130



11»*
rH r-i

ffm «

55
55
S3 :
S3
»xx

5)

1 S gg g g g gg ss g
^ggg s2^s5 ggg ggg ggg sjgg sJge ^gg $5^8 44s 55ft !

2 5

! :
sd ass 5s5 Hsawv/w ^v^w»

S'O'O 'O v/>>0 'O'O'O 'O'O'O 4 8^

^ r-fi fifici cici-ci Ci fid -4 -4 « CM #H ci

444 44-4 -444 444 444 444

SIS SIS Si lSi S °S2sSSS 5s§ ■:6

'O'O'O 'O'O'O wvo «o

H35 m 4 4 4 WS 444 r3 !f 1

111 "ft ft»S28 S3& »RS RJ*R *£r! S3S 8SS ^ ftp'jt >o

II ■fc&SS* R*» S'S'S' 3 83 fcSS »SS 3 SR 33 R SSR SSft Sftft
PI

I3 8*3 SRR R3R N4 O'
H H v%cm<*\04 O 

H H H 338 «33I IjO
«• h

S ZJ I ti.4 883 & RI3S N0<0 HNf*J* VO J- o»n.» oJjas* RPR 3SS RPR 3RP »233 | 2? l
i ; J S38R RjS* S£3 PCS £83 'oc^-co

O'(TV O' co co r*. f^NOO'O'O' Ov OvOv
vO Q CM 
C^ CD CO RR2

1 2 !Ii
f

i
§
8

sraao*23
R«?R - 5

v) w o 4 o

-fii
£8 fi 2"

2 s|

co o r-Jt
« S'- C^VO

O'O'O coco © 
O'O'O* O'O'O

RRR SR

H N vr\ 
O'O'O* £££ 8SK 8Rfc 0*00 

(Tv O O 
•H H R88 vO CO O 

nnw iftQ S SR83 RRR 88R 888

888 88 888 
H H H H H H H H

8 SR 8S8*ISIUJ

l n RR8 ®

R8 8

8 8 
H H

88 
H H 888 88

H H H H H 888 
H H H8

Ii :I5 II ij

88 2 
HH w§ i

i t ]| | sassI
;

CM O O 
rtHH

(Tv O VO 
H HHS2S RJSX? Sa2 3RJ8 S»RJ J?S?RJ 8S?R?R33

S
i j |ff1 m3 m *ss 3*s ssl **S »ss *«S a2S »s5
a
I

n4

a 3 0 4lfoI 5 •« « o ^ « o ■* « o H « o M*o ■4*0 * o o■4*04*0i ■g :
i - «Sf»S S^4 «38 S3§ S^3 S3S S^II t&

;
4 I33 3

o
32us I -2
fi 3n c

a 38
*M 2
:g a!U 3

33 i : pJ I i8
o

2 5 5H
S

r
KM N6 i | |H a t. i |«2 5! M ii «• II j g

■
52 N •

3 3 M5 O 2! 3 5 |
X

o I5 ££

—I
•H

K

3
r4

&
O f

a
33

H

K !3
H§

s

K

!
I

4 53%•9 4» 9
2

s 9
♦> o
• H

?3
o

bo

fi s2j
3 - 9

O H2 2 9
•» o255 15 H 3>s a o fl *H

££ 25? S

131



}

!
i 5
i

5*
I SSR

Bg sa<2R5 S2RSR RRRR RRRI 5

!
II =_S£ „SSS SSSSS*

5h* C« SIS! 333 333
344 4344 3444 444,4 444 444

2

IH fcfc&fe a&ft 6&&

n ft83 5*&& S&&5 fcfc&& &&& &&&S|
i Iy NV>nN «»lN(0 ^r\nN rw^eNas aIi I 1o i 33w'-* jjo^rj *>*** »\WV4 44V>rvio r4 

f^wS-4
§ I; I * ONO «*\W W\ 

HHH H H HI ?33s aass sssai SS2is
ie RS$ S3, S3 *33* *335 HNH 0*<0 O HHH r4 «H N! 5a

i— a
s ao I »aa R3S8 SSAS SSSS RRst 88fcH H

888 SHHH H

J ISfu I I 888HHH
»SRfc SSSS 3333iSSi *| I H SSRa SPSS FiSfi*.ESi i5 aaaa Rasta aaaa

5 I
i

111s H N H 0}0«® 333 335
§

i ]4 i §12 **$S *883 SSS3 §23 sss£5 s 3a
|<
1
s t

‘ pPo <Jo4«o ■<* ■*« ■«« -l«o -4»oi

s i si! 33SX ^1! **8 rfj sfc£ <5S
§

< 1■ a
♦»3 I

5 1 3 3
! H 1 1 j 1 18
“ N HH

!l s i» M»
a aB

i 1 ? JS3 5
i 38 ft 5

i 3*«3H 3i
I

I*-4C5 t iI cl I1I i

132



1

i

iE ootnotes

. „ ^Mechanical analyses according to the American Association
of State Highway Officials Designation T 88. Results by this procedure 
frequently may differ somewhat from results that would have been ob­
tained by the soil survey procedure of the Soil Conservation Service 
(SCS). In the A.A.S.H.O. procedure, the fine material is analyzed by 
the hydrometer method and the various grain-size fractions are calcu­
lated on the basis of all the material, including that coarser than 2mm. 
in diameter. In the SCS soil survey procedure, the fine material is 
analyzed by the pipette method and the material coarser than 2 mm. in 
diameter is excluded from calculations of grain-size fractions. The 
mechanical analyses used in this table are not suitable for use in nam­
ing texture classes for soils.

:
I

7j Coarse particles were discarded during field sampling of 
Laboratory test data were corrected to include the per-some soils.

cent discarded in field sampling, as noted in "Remarks" column. i:

3/ Based on Standard Specifications for Highway Materials and 
Methods of Sampling and Testing (Pt. 1, Ed. 7): The Classification of 
Soils and Soil-Aggregate Mixtures for Highway Construction Purposes, 
A.A.S.H.O. Designation M 145-49.

>

4 / Based on the Unified Soil Classification System, Technical 
Memorandum No. 3-357, Volume 1, Waterways Experiment Station, 
Corps of Engineers, March 1953.

i m
:
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SECTION II ;
?

••
I !/I i:

;

PART II: ENGINEERING TEST DATA FOR SOILS SAMPLED

IBY SOIL CONSERVATION SERVICE AND TESTED f

FBY HIGHWAY LABORATORIES
:
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FOOTNOTES

tested in accordance with standard procedures of the 
American Association of State Highway Officials (AASHO) in a coop­
erative program involving State highway departments, universities or 
colleges, and the Bureau of Public Roads. Letter footnotes a, b, c, etc 
referring to specific soils as noted in the "Location" column, identify 
the testing agency. Where no letter footnote occurs, tests on samples 
from that location were performed by the Division of Physical Research, 
Bureau of Public Roads.

JJ Samples were :
i
!

• i
)
:
!
f(

2/ Moisture-density tests were performed in accordance with AASHO 
Test Designation T99-57, which has 4 methods of test, as follows: :

;
Method A. -

Soil material retained on No. 4.sieve is discarded. Material 
passing No. 4 sieve is compacted in 4-inch diameter mold in 3 
equal layers, using 25 blows per layer of a 5. 5-pound rammer 
dropping 12 inches.

i

Method B. -
Sample preparation same as in Method A. Material passing No. 
4 sieve is compacted in 6-inch diameter mold in 3 equal layers, 
using 56 blows per layer of a 5. 5-pound rammer dropping 12 
inches.

{
!
I
;

!
i
LMethod C. -

Same as Method A except sample is split on 3/4-inch sieve and 
material retained on 3/4-inch sieve is discarded. Material 
passing 3/4-inch sieve is tested.

Method D. -
Sample preparation same as in Method C. Soil Material is com­
pacted in 6-inch diameter mold in 3 equal layers, using 56 blows 
per layer of a 5. 5-pound rammer dropping 12 inches.

When not indicated by a letter footnote on the page of test data, 
sample was tested by Method A. When sample was tested by one of 
the other 3 methods, or by a variation from one of the 4 test methods, 
the method is indicated by a letter footnote on page of test data.

3/ Mechanical analyses according to the American Association of State 
Highway Officials Designation T88, except as indicated by letter foot­
note on page of test data. Results by the T88 procedure frequently may 
differ somewhat from results that would have been obtained by the Soil 
Survey procedure of the Soil Conservation Service (SCS). In the A. A. 
S.H.O. procedure, the fine material is analyzed by the hydrometer 
method and the various grain-size fractions are calculated on the basis 
of all the material, including that coarser than 2 mm. in diameter. In 
the SCS Soil Survey procedure, the fine material is analyzed by the 
pipette method and the material coarser than 2 mm. in diameter is ex­
cluded from calculations of grain-size fractions. The mechanical anal­
yses used in this table are not suitable for use in naming Soil Survey 
texture classes for soils.

!
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■
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4/ Coarse particles were discarded during field sampling of some soils. 
Note immediately following the test data of the soil indicates whether 
the laboratory test data were corrected for the discarded material. 
Percentage discarded in field sampling is noted in the "Remarks" 
column.

_5] Based on Standard Specifications for Highway Materials and Methods 
of Sampling and Testing (Pt. 1, Ed. 7): The Classification of Soils 
and Soil-Aggregate Mixtures for Highway Construction Purposes, A. 
A.S.H.O. Designation M145-49.

6/ Based on the Unified Soil Classification System, Technical Memoran­
dum No. 3-357, Volume 1, Waterways Experiment Station, Corps of 
Engineers, March 1953.
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