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Preface 

In 1976 UNESCO published a guide to the preparation of engineering 
geological maps prepared by the Commision on Engineering Geologi- 
cal Maps of the International Association of Engineering Geology. 
That guidebook gave a brief outline of the principles of classification 
of rocks and soils for engineering geological mapping. The present re- 
port presents a more detailed treatment of this topic, and deals with the 
description and classification of rock and soil materials and rock and 
soil masses for mapping purposes. 

Members of the IAEG Commission who have taken part in the prepa- 
ration of this report are: 

Professor Milan Matula (Chairman), Department of Engineering Geo- 
logy, Comenius University, Zadunajska 15, 81100 Bratislava (Czecho- 
slovakia). 

Professor W. R. Dearman, (Editor), Department of Geology, Engi- 
neering Geology Unit, University of Newcastle upon Type (United 
Kingdom). 

Professor G. A. Golodkovskaja, Geological Fakulty, Moskovskij Uni- 
versitet, Moskva 117234 (U.S.S.R). 

Dr. A. Pahl, Bundesanstalt fox Geowissenschaften und Rohstoffe, 
3 Hannover, Postfach 23 01 53 (Federal Republic of Germany). 

Mrs. Dorothy H. Radbruch-Hall (Secretary), United States Geological 
Survey, 345 Middlefield Road, Menlo Park, CA 94025 (United States 
of America). 

1. Introduction 

1.1 Principles of Classification and Description of Rocks and Soils on 
Engineering Geological Maps 

Classification of rocks and soils on engineering geological maps should 
be based on the principle that the physical or engineering geological 
properties of a rock in its present state are dependent on the combined 

effects of mode of origin, subsequent diagenetic, metamorphic and tec- 
tonic history, and on weathering processes. This principle of classifica- 
tion makes it possible not only to determine the reasons for the litholo- 
gical and physical characteristic of soils and rocks, but also for their 
spatial distribution. This is a basic principle of engineering geological 
mapping as of other geological mapping and implies not only the classi- 
fication of individual rock samples but also the use of many individual 
rock samples, field observations and measurements to delineate uni- 
form and continuous rock units (UNESCO-IAEG, 1976). 

The following classification, based on lithology and mode of origin, is 
suggested: (a) engineering geological type (ET): (b) lithological type 
(LT): (c) lithological complex (LC): (d) lithological suite (LS). There 
will be different degrees of homogeneity for each unit. 

The engineering geological type has the highest degree of physical ho- 
mogeneity. It should be uniform in lithological character and physical 
state. These units can be characterized by statistically determined val- 
ues derived from individual determinations of physical and mechanical 
properties and are generally shown only on large-scale maps. 

A lithological type is homogeneous throughout in composition, texture 
and structure, but usually is not uniform in physical state. Reliable val- 
ues of average mechanical properties cannot be given for the entire 
unit; usually only a general idea of engineering properties, with a range 
of values, can be presented. These units are used on large-scale, and 
where possible, on medium-scale maps. 

A lithological complex comprises a set of genetically related lithological 
types developed under specific palaeogeographical and geotectonic 
conditions. Within a lithological complex the spatial arrangement of 
lithological types is uniform and distinctive for that complex, but a litho- 
logical complex is not necessarily uniform in either lithological cha- 
racter or physical state. In consequence, it is not possible to define the 
physical and mechanical properties of the whole lithological complex, 
but only to give data on the individual lithological types comprising the 
complex and to indicate the general behaviour of the whole lithological 
complex. The lithological complex is used as a mapping unit on medi- 
um-scale and some small-scale maps. 
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The lithological suite comprises many lithological complexes that de- 
veloped under generally similar palaeogeographical and tectonic condi- 
tions. It has certain common lithological characteristics throughout 
which impart a general unity to the suite and serve to distinguish it 
from other suites. Only very general engineering geological properties 
of  a lithological suite can be defined. These units are only used on 
small-scale maps. 

A full description of  a soil or rock for engineering purposes involves the 
assignation of  the appropriate geological name together with as much 
detailed information as can be gained from the examination of  a sam- 
ple or exposure. The description may be systematic if a limited range of  
standard descriptive terms is used and for ease of  application each des- 
criptor may be classified. On the other hand, a classification should 
place the soil or rock in a limited number of  groups each with definable 
properties, which can give a good guide to engineering performance. 

At present not enough is known of the relations between engineering 
properties and lithological characteristics to establish a unified classifi- 
cation system for both soil and rock units on engineering geological 
maps. In such a classification each class would represent a soil or rock 
unit with a narrow range of  engineering properties. Consequently, a 
three-part approach to engineering geological description and classifi- 
cation has been adopted, involving: 

(i) a taxonomic classification of  rock and soil units delineated on en- 
gineering geological maps at various scales, namely engineering 
geological types, lithological types, lithological complexes, litho- 
logical suites (UNESCO/IAEG 1976). 

(ii) a lithological classification, and the assignment of  fundamental 
lithological names to rock and soil units. 

(iii) a description of  rock and soil material and mass and the assign- 
ment of  descriptive names for rock and soil types. 

There is an obvious need to make the classifications and descriptions 
simple so that they can be readily understood and applied, even by 
those with limited geological knowledge. It should be emphasized that 
although the classifications proposed for rock and soil are very differ- 
ent, the suggested methods for the description of  rock and soil are the 
same, both as materials and in the mass. 

1.2 Bases for the Classification of Rocks and Soils for Engineering 
Purposes 

In geological terms a rock is a naturally occurring aggregate of  mine- 
rals, and so includes loose aggregates, which would be called soils by an 
engineer, and the harder, solid materials which would be stone in lay- 
man's  terms or rock to the engineer. The geological name often reflects 
the physical state of  the aggregate, for example sand, and the equiva- 
lent lithified state is indicated by adding 'stone' to the name of  the loose 
aggregate, that is for example sandstone. This distinction only applies 
to rocks of  one genetic group, namely the sedimentary rocks. Both ig- 
neous and metamorphic rocks can only exist in the solid state, except 
some pyroclastics, or rocks which have been transformed by weather- 
ing agencies. If weathering has progressed for enough, then rocks from 
both of  these groups may be converted entirely to soils and, for exam- 
ple, a highly weathered granite will be a residual soil and hence will 
have engineering properties similar to those of  the appropriate engi- 
neering soil. In the same way a sandstone can revert to a sand. 

Although it is logical to classify rocks in geological terms regardless of  
physical state, it has to be accepted that there is a clear difference in the 
engineering properties, and hence engineering behaviour, o f  those 
rocks which the engineer would call engineering soils, and other natural 
materials. This distinction has both a practical and an historic basis: a 
quantitative approach to the behaviour of  soils as foundation materials 
and in excavantions, and when used as construction materials, lead to 
the development of  the science of  Soil Mechanics in which theory and 
experimental data were applied to practical engineering design (Terzag- 
hi, 1925). 

A similar quantitative approach to the design of  engineering structures 
in rock: the science of  rock mechanics, has developed rapidly only in 
the last two decades. 

Although, as has been explained above, both soil and rock are covered 
by the single geological term ' rock' ,  there is a clear distinction to be 
made between the engineering behaviour of  the two. Division may be 
made, for example, on the basis of hardness or strength (Piteau, 1970), 
porosity and density (Duncan, 1969), permeability and compressibility: 
all important engineering properties. But there is the problem, in at- 
tempting too precise a definition, of  the gradation in properties that is 
known to exist between soil and rock, making a more qualitative defini- 
tion preferable. 

An early Working Party (Anon. 1972b), concerned with the description 
of  soils and rocks for engineering geological mapping has used as a 
guide to the distinction between soil and rock the following quotation: 
"Soil is an aggregate of  mineral grains that can be separated by such 
gentle means as agitation in water. Rock,  on the other hand, is a natu- 
ral aggregate of  minerals connected by strong and permanent cohesive 
forces. Since the terms 'strong'  and 'permanent '  are subject to differ- 
ent interpretations, the boundary between soil and rock is necessarily 
an arbitrary one"  (Terzaghi and Peck, 1967, p. 4) leading to the recog- 
nition of  soft rocks or hard soils at the  transition from rock to engi- 
neering soil. In this report the terms soil and rock are used in the senses 
defined here. 

Rocks, using the term in the geological sense, may be divided into three 
major groups: igneous, sedimentary and metamorphic, depending 
upon the processes active in their formation.  Engineering soils, of  var- 
ious genetic types, for example alluvial, aeolian and glacial, occupy an 
important position in the sedimentary group. To these three groups 
must be added a fourth: residual soils formed by the weathering of  
rocks, and a fifth: made ground or fill not involving natural materials. 

A number of  criteria are used in classification, including chemical and 
related mineralogical composition, grain size, texture and fabric, which 
also provide a firm basis for the identification of  rocks for engineering 
purposes. The most important criterion is grain size because of  the ease 
with which it can be quantified in engineering soils, or estimated for 
rocks. In rocks the predominant grain size, or range of  grain sizes, is 
used as a means of  subdivision of  each genetic group. Contrast this 
with engineering soils where as little as 35 per cent of fine constituents, 
the clay and silt sizes, determines the engineering classification and 
much less may have an important influence on engineering properties. 
It is this aspect, more than any other, coupled with the ability to deter- 
mine grading readily, that necessitates and justifies the separate me- 
thods for the description and classification of  soils and rocks as adopt- 
ed here. 

2.  A L i t h o l o g i c a l  C l a s s i f i c a t i o n  o f  R o c k s  

The classification of  rocks (Table 1) is based on the determination of: 

(i) Genetic group: 
Sedimentary: detrital, chemical/organic 
Metamorphic 
Igneous 

(ii) Structure 
Bedded 
Foliated 
Massive 

(iii) Predominant grain size 
Very coarse-grained: Greater than  60 mm 
Coarse-grained : 2 to 60 mm 
Medium-grained : 0.06 to 2 m m  
Fine-grained : 0.002 to 0.06 mm 
Very fine-grained : Less than 0.002 mm 
Glassy/Amorphous 

(iv) Composition (mineralogical) 
Rock grains 
Quartz 
Feldspars and feldspathoids 
Mafic (dark coloured) and related minerals 
Clay minerals 
Carbonates 
Salts: siliceous and carbonaceous materials 
Glass 
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Table 1: 

CHEMICAL/ GENETIC 
DETRITAL SEDIMENTARY ORGANIC GROUP 

BEDDED Usual Structure 

Grains of rock, quartz, feldspar 
and clay minerals 

Grains are of rock fragments 

Rounded grains: 
CONGLOMERATE 

Angular grains: 
BRECCIA 

Grains are mainly mineral fragments 

SANDSTONE Grains are mainly 
mineral fragments 

MUDSTONE 
SHALE: fissile 
mudstone 

SILTSTONE 50% fine- 
grained particles 

Claystone 50% very fine I 
grained particles 

Classification of rock types: sedimentary 

At least 50% of grains 
are of carbonate 

.~ Calci- 
rudite 

4-1 
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arenite 

Calci- ua 

~ siltite 
O O 

, CHALK 
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' lutite 

Salts, 
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CALCAREOUS 
ROCKS 

LIMESTONE 

DOLOMITE 
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Chert 
Flint 
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Rock names are given to particular combinations of  these features and 
correct naming requires recognition of  the four attributes listed above; 
accuracy and facility in this sphere can only come with training. 

A simple, technically useful classification of  fundamental rock types in 
each genetic group is given in Table 1. It is unified only with respect to 
grain size. The selected grain size categories are not those used in geolo- 
gy but are those used in the engineering classification of  soils. This ra- 
dical departure from conventional usages was felt to be justified as a 
means of  simplicifation of  rock classification and to give consistency 
between rock and soil classifications. The limits of  the size ranges in the 
finer soils define marked changes in the engineering properties of  those 
soils (Glossop and Skempton, 1945) and are therefore well established 
in engineering usage. Any step towards unification should take account 
of  this, and consequently the conventional size classes used in geologi- 
cal classifications were slightly adjusted to conform to the soil classifi- 
cation. 

Rock names were mainly selected from those used in non-specialist geo- 
logical text books, and in many cases are not used strictly but as a gene- 
ral term for a broad group of  related rock types. 
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Table h Classification of  rock types: metamorphic 

3. Description of Rocks fiir Engineering Purposes 

Description of  rock involves the following steps: 

(i) Determination o f  the fundamental rock name: the 'lithological 
rock name';  

(ii) Description of  the properties of  the rock material; 

(iii) Description of  additional properties necessary to describe the fea- 
tures of  the rock mass. 

The properties of  the rock mass are controlled partly by the properties 
of  the rock material, but in many rock masses structural features sub- 
stantially control the engineering properties. Such features include 
structures and discontinuities such as joints and bedding plane part- 
ings, and the distribution of  rock and soil materials in the weathering 
profile. 

The three steps listed above provide a 'descriptive rock name' from 
which engineering properties may more readily be inferred than from a 
'lithological rock name' .  

3.1 The Descriptive Rock Name 

In a rock description the main characteristics should be given in the fol- 
lowing order: 

Rock name 
Supplementary petrographic properties 

Rock material properties 
Colour 
Texture 

Grain size 
Other textural features and fabric 

State of  weathering 
State of  alteration 

Strength 
Rock Mass Properties 

Structure 
Discontinuities 
Weathering profile 

The descriptive scheme has been modif ied from that recommended in 
Anon. (1972b) The main differences are  in the treatment of  state of  
weathering and the weathering profile, and an expansion in the descrip- 
tion of  structure. Structural aspects have been dealt with more tho- 
roughly by Anon. (1977) and also in I .S .R.M.  (1977). 

3.1.1 The Llthologieai Name: The lithological rock name is o f  primary 
importance because it indicates the genetic rock group and provides 
basic information on mineral composit ion and grain size. Supplemen- 
tary petrographic properties may be used where necessary to qualify the 
rock name, signifying for example a relative abundance of  a particular 
mineral - -  biotite granite - -  or indicating minor admixtures of  other 
lithological types. These supplementary features may be extremely use- 
ful as a means of  discriminating between different rocks that have the 
same lithological name. Minor constituents may also have an impor- 
tant effect on the mechanical and physical properties of  rocks, and 
should be carefully considered. 

The rock name is selected from the classification tables (Table 1) and 
these are the only rock names that are recommended for use. In arriv- 
ing at a name for a rock, there is no substitute either for geological 
knowledge or for an aid to identification that is reliable and easy to ap- 
ply. 

LI ~HTNESS 

Li gh t 

Da rk 

CHROMA 

pink ish 

reddish 

ye l lowish 

brownish 

greenish 

b lu ish 

greyi s h 

HUE 

pink 

red 

yel Iow 

brown 

green 

blue 

wh i te 

grey 

black 

Table 2: Terms for lightness, chroma and hue which may be used 
in combination for colour description 
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3.2 Description of Rock Material 

3.2.1 Colour: Rock colour can be quantitatively evaluated using, for 
example, the Rock Color Chart  published by the Geological Society of  
America (Anon. 1963). As an alternative it is recommended that the 
following simple system (Anon. 1972b), which serves to limit the sub- 
jectivity o f  an estimation, should be used. One term is selected, as re- 
quired, from each column (Table 2), and combined as a colour assess- 
ment.  

Examples of  use are: light yellowish brown, dark reddish brown, dark 
brown, etc. If necessary colour differences can be emphasized separate- 
ly by the use of  terms such as spotted, dappled, mottled, streaked, for 
example light yellowish brown spotted with dark brown. 

3.2.2 Texture: Of the textural elements used for description and classi- 
fication, the most  important  is grain size which, for the predominant  
size of  grain, can be classified semiquantitatively. From Table 1 the rela- 
tions between rock names and grain sizes can be understood. It will be 
recalled that the class boundaries have been fixed at limits of  grain size 
grades adopted for engineering soils, that is the boundaries between 
clay, silt and sand sizes that are justified and determined by the differ- 
ences in the physical behaviour of  those soils (Glossop and Skempton, 
1945). 

Because grain size considerably affects the physical properties of  a rock 
it should always be indicated directly in the rock description rather than 
relying on the grain size implication in the rock name. 

It is usually sufficient to estimate grain size by eye, which may be aided 
by a hand lens in the case of  fine-grained and amorphous rocks. The 
limit o f  unaided vision is approximately 0.06 ram. 

Many other aspects of  rock texture may be used to amplify the descrip- 
tion, such as: 

3.2.2.1 Relative grain size: for example uniform,  non-uniform,  por- 
phyritic 

3.2.2.2 Grain shape: may be described by reference to the general form 
of  the particles, their angularity which indicates the degree of  rounding 
at edges and corners, and their surface characteristics (Table 3). 

3.2.2.3 Fabric: the spatial arrangement  of  grains in the rock may show 
a preferred orientation or lack of  it, and may produce patterns by non- 
uniform arrangements of  grains, crystals and groundmass .  

3.2.2.4 Porosity: the size, shape, orientation o f  pore or void spaces 
should be described. 

3.2.3 State of  Weathering: Description of  the state of  weathering o f  
rock material is of  particular importance in describing engineering 
rocks because weathering has profound effects on the physical and me- 
chanical properties of  rock material. In any description there needs to 
be a statement whether or not the rock material is considered to be ei- 
ther in a fresh state or is weathered. Weathering effects may be describ- 
ed in terms of  discoloration, chemical decomposition or physical dis- 
integration. 

The extent of  particular weathering effects may be sub-divided using 
such qualifying terms, for example 'highly decomposed ' ,  'extremely 
discoloured' ,  'slightly disintegrated' ,  as will aid the description of the 
material being examined. These descriptive qualifying terms may be 
quantified if necessary by estimation from drill core or in the natural 
exposure (Table 4). 

TERM DEGREE OF CHANGE (per cent) 

Fresh 

S l igh t ly  

Moderately 

Highly 

Extremely 

0 

Over 0 - I0 

I0 - 35 

35 -  75 

Over 75 

Table 4: Terms for the description of  the degree of  weathering of 
rock material 

FO RM equi dimensional 

f l  at 

elongated 

f l a t  and elongated 

i r regu lar  

ANGULARITY angular 

subangular 

s ubrounded 

rounded 

SURFACE CHARACTERISTICS rough 

smooth 

Table 3: Terms used in the description o f  grain shape 

Depending on the character and distribution of the weathering changes, 
and the extent to which a rigid rock framework is retained, the weath- 
ered rock material may assume the characteristics o f  an engineering soil 
at an early stage. 

Extremely weathered rock material wilt almost certainly be an engineer- 
ing soil, and may  be classed as a residual soil if the original rock fabric 
has collapsed or changed so as to remove most  traces of  the original 
fabric. 

Examples o f  use are: fresh rock; slightly decomposed; moderately dis- 
integrated; highly discoloured. Usually combinations occur: highly dis- 
integrated and moderately decomposed,  etc. 

3.2°4 State of Alteration: The terms used for weathering of  rock mate- 
rial may  be used where appropriate as in many instances the effects of  
alteration may  not be easily distinguishable from those brought about 
by weathering. Wherever possible common terms should be used, e. g. 
slightly kaolinised, highly mineralised; the terms may be quantified 
using the scale in Table 4. 

3.2.5 Strength: The uniaxial compression test gives a reliable indication 
of the strength of  rock material, al though the test results are dependent 
on the moisture content o f  the specimen, any anisotropy in the mate- 
rial, and the test procedure adopted. A scale of  strength is given in T a -  
ble 5. 

As an alternative method of  strength testing for use in the field, the 
point load test (Broch and Franklin, 1972; ISRM, 1977) is recommend- 
ed. Provided that individual test results are normalised to a standard 
specimen thickness of  50 ram, and the recommended test procedures 
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TERM COMPRESSIVE STRENGTH (MPa) 

Weak 

Moderately strong 

Strong 

Very strong 

Extremely strong 

1.5"- 15 

15 - 50 + 

50 - 120 

120-  230 

Over 2 ~  

with reference to magnetic or true nor th .  Alternatively, the dip and aip 
direction of  the plane may be determined.  

A large number of  orientation measurements  may be plotted as a ' joint 
rosette' or as poles on a Schmidt stereographic net. Such plots enable 
the number  o f  joint sets, and their m e a n  orientations, to be deter- 
mined. 

3.3.2.2 Spacing: the term refers to the mean  or modal spacing of  a set 
of  joints, that is the perpendicular dis tance between adjacent disconti- 
nuities. 

Descriptive terms for discontinuity spacing are given in Table 6. 

*Rocks with a strength under 1.25 MPa are, as a rule, 
hard soi ls and should be tested accordingly 

+Soft rocks are weaker than 50 MPa; strong rocks are 
stronger than 50 MPa 

Table 5: A scale o f  strength for dry rock material 

are followed, this test provides a good estimate of  unconfined com- 
pressive strength. The relation: 

UCS = 25 PLS 
where UCS is the unconfined compressive strength and PLS is the point 
load strength, has been demonstrated repeatedly and can be accepted as 
a reasonably reliable approximation. 

The piston-press test, devised by Srejner, Petrova and Jakusev (1958) 
and described by Matula (1969), is a quick method of  determining the 
strength and deformation properties of  rock materials. Test values 
show a very close correlation with the results o f  the standard uncon- 
fined compressive strength performed on cubes of  rock. 

3.3 Description of the Rock Mass 

3.3.1 Structure: The structure of  the rock mass is related to the larger 
scale interrelations of  textural features and the association o f  one or 
more rock types in the mass.  Terms used to describe sedimentary rocks 
include bedded, interbedded, laminated, folded, etc; metamorphic 
rocks may  be cleaved, foliated, schistose, banded, gneissose, lineated, 
folded; igneous rocks may  be massive, flow banded,  etc. 

The problem of  the association of  more than one rock type in a rock 
mass is difficult to deal with because, for example, in a sequence o f  se- 
dimentary rocks one lithological type may be more susceptible to 
weathering than another,  and the presence o f  a highly weatherable rock 
in a sedimentary sequence may have an enhancing effect on the suscep- 
tibility o f  other rock types to weathering. In addition, the properties of  
an interbedded rock mass may  depend more on one rock type than on 
the other. 

3.3.2 Discontinuities: A discontinuity is a surface within the rock mass 
that is open or potentially openable under the stress levels applicable in 
engineering because the tensile strength across the surface is lower than 
that o f  the rock material. Thus a discontinuity is not  necessarily a plane 
of  physical separation within the rock mass.  

Discontinuities have many modes of  origin, but  two main types may be 
recognised: those that occur in sets, for example bedding planes, joints,  
cleavages, foliations, and those that are unique, for example individual 
joints or faults. Of  these, bedding planes, cleavages and foliations are 
discontinuities only when there is a parting or substantial  weakening of  
the rock across them. Similarly joints and fault planes may be healed 
by introduced minerals or by alteration along them. 

Description o f  discontinuities is aimed at determining their nature, 
orientation, spacing persistence, rouhgness,  wall strength, aperture, 
filling, seepage, number  o f  sets, and block size (I .S.R.M., 1977) 

3.3.2.1 Orientation: a compass  and clinometer is used to measure the 
dip, the max imum inclination from the horizontal, and the strike direc- 
tion, the horizontal direction, of  the planar feature being measured 

TERM 

Very widely spaced 

Widely spaced 

Medium spaced 

Closely spaced 

Very closely spaced 

SPACING 

Over 2 m 

600 mm- 2 m 

200 mm - 600 mm 

60 mm- 200 n~n 

Under 60 mm 

Tab. 6: Discontinuity spacing 

3.3.2.3 Persistence: is a measure of  the areal extent of  a discontinuity 
from its inception to its termination in solid rock or against another  
discontinuity. For major  joints, the plane may extend beyond the limits 
of  the exposure and then the m a x i m u m  trace length or area should be 
recorded. 

3.3.2.4 Roughness:  a discontinuity surface  may be planar, undulat ing 
or stepped and descriptive terms (Table 7) are based on two scales of  
observation: 

Small scale (several centimetres) 
Large scale (several metres) 

TE RM CATE GORY 

Rough (or irregular), stepped 

Smooth, stepped 

S1 i ckensi ded, stepped 

Rough (or  i r r e g u l a r ) ,  undulat ing 

Smooth, undulating 

Sl ickensi ded: undulat ing 

Rough (or i r r e g u l a r ) ,  p lanar  

Smooth, planar 

Sl ickensided, planar 

I 

I I  

Ill 

IV 

V 

VI 

Vll 

VIII 

IX 

Table 7 Roughness categories fo r  d iscon t inu i ty  
surfaces (ISRM, 1977) 
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STEPPED 

I rough 

II smooth 

III slickensided 

UNDULATING 

IV rough 

V smooth 

Vl slickensided 

f 

PLANAR 

VII rough 

VIII smooth 

I X slickensided 

Fig. 1: Typical profiles for the roughness categories for discontinuity 
surfaces (Based on I.S.R.M. 1977, Fig. 17) 

Typical roughness profiles in each category are illustrated in Figure 1. 

3.3.2.5 Wall Strength: the shear strength of  a discontinuity may be sig- 
nificantly affected by the condition or strength of  the rock material 
forming the walls of  the discontinuity, especially where infilling is small 
or absent and wall roughness is significant. Wall strength may be meas- 
ured in terms of  compressive strength, which may be lower than the 
fresh rock material strength due to weathering or alteration of  the 
walls. 

The stage of  weathering of  the rock material may be described in terms 
of  degree of  discoloration, decomposition and disintegration from the 
fresh state (Dearman, 1974, 1976). An estimate of  unconfined com- 
pressive strength may be obtained using the Schmidt Hammer value 

TE RM 

Very wide 

Wi de 

Moderate ly  wi de 

Moderate ly  narrow 

Narrow 

Very narrow 

Ti ght  

APERTURE 

Over 200 mm 

60 = 200 mm 

20 = 60 mm 

6 - 2 0  mm 

2 = 6 mm 

Over 0 = 2 mm 

Zero 

(Hucka, 1965; Deere and Miller, 1966), or a simple manual penetration 
test (Anon, 1957), as appropriate to the material. 

3.3.2.6Aperture: the mean perpendicular distance between adjacent 
walls of a discontinuity, in which the space is infilled with air or water, 
is referred to as the aperture. The mean separation may be described 
using the terms in Table 8. 

3.3.2.7 Infilling: the infilling between discontinuity surfaces may be 
soil introduced into the opening, minerals such as calcite, or in the case 
of faults clay gouge or breccia. The width of an infilled discontinuity,, 
the perpendicular distance from wall to wall, is important in conjunc- 
tion with the roughness in determining the resistance to shear along the  
discontinuity. 

The infilling material should be identified and described. Strength of  
the infill may be assessed visually and manually (I.S.R.M., 1977), or 
should be measured. 

3.3.2.8 Seepage: water flow and free moisture visible in individual dis- 
continuities should be described and the rate of  flow estimated. 

Po-type Eq-type 

b e 

Rh-type Ta-type 

Pr- type Co- type 

Fig. 2: Rock mass block shape; a classification based on numbers of  
sets of  persistent discontinuities and their orientation. 

a Polyhedral blocks. Irregular discontinuities without arrangement 
into distinct sets, and of  small persistence. 

b Tabular blocks. One dominant set of  parallel discontinuities (1), for 
example bedding planes, with other non-continuous joints; thick- 
ness of  blocks much less than length or width. 

c Prismatic blocks. Two dominant sets of discontinuities (1 and 2), 
approximately orthogonal and parallel, with a third irregular set; 
thickness of  blocks much less than length or width. 

d Equidimensional blocks. Three dominant sets o f  discontinuities (1, 
2 and 3), approximately orthogonal, with occasional irregular 
joints, giving equidimensional blocks. 

e Rhomboidal blocks. Three (ore more) dominant, mutally oblique, 
sets of  joints (1, 2 and 3), giving oblique-shaped, equidimensional 
blocks. 

f Columnar blocks. Several, usually more than three, sets of  continu- 
ous, parallel joints (1, 2, 3, 4, 5) crossed usually by irregular joints; 
length much greater than other dimensions. Table 8: Aperture of  discontinuit, '  surfaces 
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3.3.2.9 Number o f  Sets: discontinuities may be irregular, of small per- 
sistence, without any arrangement into distinct sets: they are then refer- 
red to as non-systematic. On the otherhand, systematic joints will 
usually be persistent, with individual joints in each set parallel or sub- 
parallel. Systematic joints may be present in one or more sets, and in- 
fluence rock mass blockiness and block size. 

3.3.2.10 Block Size and Shape: the spacing of discontinuities may be 
described with reference to the size and shape of rock blocks bounded 
by discontinuities and by the relative persistence of different disconti- 
nuity sets. Matula and Holzer (1978) have given models of rock mass 
blockiness, illustrated in Fig. 2. These may be described as follows: 

On weathering, each of these block-forms will be modified by rounding 
of the sharp edges, and the eventual formation of spheroidal blocks; 
the original joint pattern may survive the weathering process. 

The size of the blocks bounded by discontinuities may be described 
using the terms in Table 9. 

TE RM 

Very la rge  

Large 

Me di um 

Small 

Very smal I 

AVERAGE DINENSION 

Over 2 m 

600 mm - 2 m 

200 mm - 600 mm 

60 mm - 200 mm 

Under 60 mm 

Table 9 Terms f o r  the d e s c r i p t i o n  
o f  block s ize  in the rock 
mass 

3.3.3 The Weathering Profile: Weathering of the rock mass may be 
described in terms of the distribution and relative proportions of fresh 
rock and discoloured, decomposed and disintegrated rock, and the ef- 
fects on discontinuities. 

Weathering eventually converts rock to an engineering soil and the 
weathering profile may be described in terms of three basic units: rock, 
rock-and-soil, and soil. In rock masses consisting of one rock type these 
units will form a distinct succession with rock at depth being overlain in 
turn by rock-and-soil and soil at the surface if a complete weathering 
profile has been developed and subsequently preserved. 

It may be found convenient to subdivide each unit to give six distinct 
weathering grades, and the justification for doing so is given in Dear- 
man (1974). A typical scale of weathering grades applicable to a 
weathering profile in rock is given in Table 10; the grades are transition 
al, and it may be necessary to subdivide a grade for a particular appli- 
cation (Irfan and Dearman, 1978). 

Geological structures, and in particular faults, may have influenced the 
form of the weathering profile by permitting penetration of weathering 
agencies deep into otherwise fresh rock. This eventuality had been fore- 
seen in the grading scheme proposed for rock cores (Anon, 1970) with 
the recognition of the need for Grade 1B: "Faintly weathered; weather- 
ing limited to the surface of major discontinuities". 

Alternation of different rock types in differing proportions in a rock 
mass may be most conveniently dealt with by ignoring the lithological 
variations and applying the weathering grade criteria set down in Table 
10. 

T e r m  Description 

Fresh 

S l i g h t l y  
weathered 

Moderately 
weathered 

Highly 
weathered 

Extremely 
~eathered 

Residual 
soil 

Table I0 

No visible sign of rock material 
weathe~ng; perhaps sl ight 
discoloration on major discont- 
inuity surfaces. 

Discolorat ion i n d i c a t e s  weathering 
of  rock mater ial  and  d i scon t inu i t y  
s ur faces. 

Less than t h i r t y  f i  we per cent o f  
the rock mater ial  i s decomposed 
and/or d i s i n t e g r a t e d  to a s o i l .  
Fresh or d i sco lou red  rock is present 
e i t he r  as a cont inuous framework 
or as cores tones, 

More than t h i r t y  f i  "~e per cent o f  
the rock mater ial  i s  decomposed 
and/or d i s i n t e g r a t e d  to s o i l .  
Fresh or d i sco lou red  rock is 
present e i t he r  as a discontinuous 
framework or as corestones,  

Grade 

I 

I I  

I I I  

IV 

A l l  rock mater ia l  i s  decomposed V 
and/or d i s i n t e g r a t e d  to s o i l .  The 
o r ig ina l  mass s t r u c t u r e  is s t i l l  
l a rge ly  i n tac t .  

A l l  rock mater ial  i s  converted to VI 
s o i l .  The mass s t r u c t u r e  and mat- 
e r i a l  fabr ic  are des t royed.  There 
is a large change i n  volume, but 
the so i l  has not been s i g n i f i c a n t l y  
t ransported. 

Weathering grades fo r  t h e  reck mass 

4. A Classification of Soils for Engineering Purposes 

The classification of soils into a number of Soil Groups is based on: 
(i) Grading of the constituent particles, and 
(ii) Plasticity of that fraction of the material consisting of particles fin- 

er than 0.425 mm. The selected maximum size is a convenient B.S. 
Test Sieve size within the medium sand  particle size range (Fig. 3). 

Determinations, following existing classifications, are made on disturb- 
ed samples, and the characteristics are independent of the condition in 
which the soil occurs in the ground, a n d  disregard the influence of 
structure of the soil mass. The soil classification can give a good guide 
to how the disturbed soil will behave a s  a construction material, for 
instance in embankments, at various moisture contents. 

Grading and plasticity may be estimated in the field, or determined un- 
der laboratory conditions. The classification is carried out on material 
nominally finer than 60 ram; boulders a n d  cobbles larger than this size 
are picked out and recorded as a percentage of the whole sample. 

The soil classification given in Table 11 is modified from the Unified 
Soil Classification (USC) devised by Casagrande (Anon, 1957) and the 
British Soil Classification for Engineering Purposes (BSCS) (Anon, 
1980). The Unified Soil Classification and  similar classifications from 
other countries are given in Appendix E .  

Soils are divided into three main classes: coarse soils, fine soils and or- 
ganic soils. A coarse soil contains less than  35 per cent of grains finer 
than 0.06 ram, and coarse soils are additionally subdivided into sands 
and gravels on the basis of grain size (Table 11). A fine soil contains 
more than 35 per cent of grains finer than  0.06 mm, and fine soils are 
subdivided into silts and clays with 65--100 per cent fines. 

Grading and plasticity are divided into a number of clearly defined 
ranges, each of which may be referred to by a descriptive name and 
letter: 
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B.S. Test sieves 

r 

J..Lm mm 

If" 
o ~ to 

o ~ ~ o ~ ~ ~ o~ 
e~ 0 0 -.4. Oo~ 

100 

gO 

80  

7O 
C 

60 
0 .  

0 
50 

~ 4 0  
U 

Q" 30 

20 

10 

0 
O'UU1 U'UI  

0-002 006 
Fine . I Medium [ 'Coarse [ 

Clay Silt 

U'I 

Particle size (mm) 

¢D 

m 

¢D 
0. 

I 1U IUU 

Fine [ Medium ] Coarse 
Sand 

2 60 
I Fine [ Medlum ! Coarse 

Gravel 

Fig. 3: Grading chart for soils with grading curves for selected soil types. 

Coarse components 
Main Terms 

Qualifying Terms 

Fine components 
Main Terms 

Qualifying Terms 

GRAVEL G 

SAND S 

Well graded W 
Poorly graded P 
Uniformly graded Pu 
Gap graded Pg 

FINE SOIL, FINES F 
- -  may be differentiated into M 

or C: 

SILT (M - -  soil) M 
- -  plots below A-line of plasticity 

chart (Fig. 4) 

CLAY C 
- -  plots above A-line (fully plastic) 

Of low plasticity* L 
Of intermediate plasticity I 
Of high plasticity H 
Of very high plasticity V 
Of extremely high plasticity E 

Organic components 
Main Term Peat Pt 

Qualifying Term Organic 0 
- -  may be suffixed to any 

symbol 

*) See Table 16 for range of liquid limits. Qualifying terms applied 
when the fine soil content is significant. 

The particle size distribution, if determined by laboratory test, may be 
plotted on a grading chart (Fig. 3). The grading curve will assist in de- 
termining the proportions of different materials present in the soil, and 
thus the designation of the soil. 

5. D e s c r i p t i o n  o f  So i l s  for  E n g i n e e r i n g  P u r p o s e s  

The fundamental soil name provides information on the grading char- 
acteristics of the soil, and is usually a combination of a basic soil type 
with secondary admixtures of other basic soil types. Supplementing the 
fundamental name are descriptive terms for characteristics of the soil 
material and the soil mass. 

In a soil description the main characteristics should be given in the fol- 
lowing order: 

Soil Name 

Including minor constituents 
Genetic type 

Soil material 
Colour 
Texture 

Particle shape and composition 
State of weathering 
Strength 

Consistency 
Undrained shear strength 
Moisture condition 
Relative density 
Compactness 

Soil mass properties 
Structure 
Discontinuities 
Weathering profile 
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M, SILT (M, soit) i below A-  l ine ] 
~" M and C may be combined as F, FINE SOIL 

C~ CLAY, above A- l ine  J 

r "  

1.) 
Q) 

v 
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"1o ¢- 
. a  

. I  
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¢t) 
¢1 
Q. 

70 

60 

50 

40  

30 

u Upper plast ic i ty range 

L I H V 
Low Intermediate H i g h  Very h igh  

® 

@ 

o J 

@ 

/~jA-line 

J ® 

/ 
10 

® ® 
0 10 20 30 40  50 60 70 

E 
Extrernety high plast ic i ty 

J 

80  90  1OO 110 120 

Liquid [irnit (per cent) 

Fig. 4: The plasticity chart  for the classification of  soils and the finer part of  coarse soils. 

5.1 The Descriptive Soil Name 

5.1.1 Basic Soil Types: Basic soil types are named after soil particle 
sizes falling within specified limits (Table 12). 

5.1.2 Composite Soil Types: Most  soils are composite types, containing 
a range of  basic soil types. The proportion by weight of  each compo- 
nent is then used as the basic for naming the soil (Table 11). 

5.1.3 Coarse composite soils: As noted in the classification table (Table 
1 I), a coarse soil contains 65 per cent or more of  coarse soil in the par- 
ticle size range 0.06 to 60 mm:  the sand and gravel sizes. Composit ion 
o f  the coarse fraction may be described using the terms in Table 13. 

The gravel and sand sizes may be subdivided into coarse, medium and 
fine (Table 12) and the type of  grading can be specified (Soil Name in 
Table 11). Fine soils are absent. 

5.1.4 Very Coarse Composite Soils: boulders and cobbles. In very 
coarse soils over 50 per cent of  the material is very coarse grained, i. e. 
over 60 mm.  Table 14 gives descriptive terms for these soils. 

TERM DESCRIPTION 

GRAVEL 

GRAVEL, Sandy 

GRAVEL/SAND 

SAND, Gravelly 

SAND 

up to 5% sand 

5-35% sand 

approximately equal prop- 
ortions of grave] and sand 

5-35% gravel 

up to 5% grave] 

Percentages are of the whole material less 
boulders and cobbles, and are approximate 
estimates in a f ie ld description 

Table 13: Description of  sand and gravel composite soil types 
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SOIL NAME 

Boulders 

Cobbles 

Gravel 

Sand 

S i l t  

QUALIFYING 
TERM 

Coarse 

Medi um 

Fi ne 

Coarse 

Medi um 

Fi ne 

Coarse 

Me di um 

Fine 

PARTICLE SIZE 

Over 200 mm 

60 - 200 mm 

2 0 -  60 mm 

6 - 2 0  mm 

2 - 6  mm 

006 - 2 mm 

0 . 2  - 0 .6  mm 

0 .06  - 0 ,2  mm 

0 .02  - 0.06 mm 

0.006 - 0 ,02  mm 

0 .002  - 0 .006 mm 

Clay Under 0.002 mm 

Table 12: Particle size distribution for basic, single component, soil types 

MAIN NAME 

BOULDERS or 
BOULDER GRAVEL 

COBBLES or 
COBBLE GRAVEL 

COBBLE/BOULDER GRAVEL 

QUALIFYING 
NAME 

Cobbly 

Boul dery 

DESCRIPTION 

Over 50 per cent of 
very coarse material 
is over 200 ram, boulder 
si ze 

Over 50 per cent of very 
coarse material is 
cobble size, 60-200 mm 

Equal proportions of 
cobble and boulder sizes 

Table 14: Descriptive terms for very coarse soils 

5.1.5 Mixtures of Very Coarse Soils with Finer Materials (i. e. coarse 
and fine soils). Very coarse grained mixtures with finer materials may 
be described on the basis o f  approximate estimates of  composition 
(Table 15). 

TERM DESCRIPTION 

BOULDERS (or COBBLES) 
with some f iner material 

BOULDERS (or COBBLES) 
with much f inermater ial  

FINER MATERIAL with 
many BOULDERS (or COBBLES) 

FINER MATERIAL with 
some BOULGERS (or COBBLES) 

5-20% f iner material 

20-50% ~ner material 

50-20% boulders (or cobbles) 

20-5% boulders (or cobbles) 

Table 15: Descriptive terms for mixed very coarse and finer grained soils 

The name of  the finer material, which may be gravel, sand or silt, or 
mixtures of these, should be given (Table 11), e. g. SAND, gravelly, 
with some boulders; CLAY, sandy, with some cobbles. 

5.1.6 Organic Soils: Organic clays, silts and sands contain appreciable 
quantities of  organic vegetable matter, may have a marked odour and a 
dark gray, dark brown or dark bluish-grey colour. Fine soils with large 
amounts of  organic matter usually plot below the A-line (Fig. 4) as or- 
ganic silts, and have high to extremely high liquid limits. 

Peat consists predominantly of plant remains which may be fibrous or 
amorphous. 

5.1.7 Plasticity: Clay and silt, alone and  in mixtures with coarse mate- 
rial, may be classified in terms of  plasticity (Table 16). 

TERM RANGE OF LIQUID LIMIT (%) 

Of low p l a s t i c i t y  

Of intermediate p l a s t i c i t y  

Of high p l a s t i c i t y  

O'f very high p l a s t i c i t y  

Of extremely high p l a s t i c i t y  

under 35 

35 - 50 

5 0 -  70 

70 -  90 

Over 90 

Table 16: Terms for the description o f  plasticity of fine soils and fine 
soils fractions in coarse soils 

As an alternative, a classification may be  made in terms of  plasticity in- 
dex (Table 17). 

TERM PLASTIC ITY  INDEX (%) 

Non-pl asti c 

S l ight ly  p last ic  

Moderately p last ic  

Highly p last ic  

Extremely p last ic  

under 1 

I - 7  

7 -  17 

1 7 - 3 5  

over 35* 

* for  very " fa t "  clays 

Table 17: Terms for the description of  plasticity index classes for fine 
soils and fine soil fractions in coarse soils. 

5.1.8 Genetic Type of Deposit: Descriptive soil names are usefully sup- 
plemented by reference to the type o f  deposit described where this is 
not evident from the name of the geological formation. Examples are: 
alluvium, eluvium, colluvium, talus, scree, loess, till, moraine, boulder 
clay, outwash, aeolian, dune, beach sand, marine, deltaic, tidal 
swamp, swamp, lagoonal, littoral. 

5.2 Description of Soll Material 

5.2.1 Colour: Soil colour may be evaluated quantitatively using the 
Munsell Soil Color Chart (Munsell, 1941) or the simple system recom- 
mended for rocks (Table 2). 

5.2.2 Particle Shape and Composit ion:  Where appropriate, particle 
shape may be described by reference to  the general form of  the parti- 
cles, their angularity which indicates t he  degree of  rounding at corners 
and edges, and their surface caracteristics (Table 18). 
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FORM Eq ui di mens i onal 

F la t  

Elongated 

F la t  and elongated 

I r r e g u l a r  

ANGULARITY Angular 

Subangular 

Subrounded 

Rounded 

SURFACE CHARACTERISTICS Rough 

Smooth 

Table 18: Terms for the description of  particle shape 

The surface of  particles may be polished, etched, pitted, honeycombed, 
as examples of additional descriptive terms. 

Composition of  particles visible to the naked eye or under a hand lens 
may be described. Larger particles are usually rock fragments and may 
be so described (Table 1). Sand and finer grains are usually individual 
mineral grain, for example, mica, quartz, feldspar. Gravel and sand 
particles may be coated with mineral matter, for example limonite, cal- 
cite. Crystals, often of  large size, may be present: gypsum in clay, py- 
rite in chalk. Shells may be an important constituent of  soils. 

5.2.3 State of Weathering: The same terms applied to rock may be used 
to describe the weathering of  soil material: namely, discoloration, de- 
composition, and disintegration. Descriptive terms, quantified as in 
Table 4, imply changes from fresh soil, but the resultant products of  
the progressive weathering of  soils are also engineering soils that may 
be individually described in the recommended manner. 

TERM FIELD TEST 

Very soft 

Soft 

Fi rm 

S t i f f  

Very s t i f f  
or hard 

Exudes between fingers when 
squeezed in hand 

Can be moulded by l i gh t  f inger 
pressure 

Can be moulded by strong f inger 
pressure 

Cannot be moulded by f ingers;  
can be indented by the thumb 

Can be indented by thumb nail 

Most obvious of the changes will be discoloration in fine soils, and dis- 
coloration, colour-banding, cracking, disintegration and decomposi- 
tion of  individual mineral and rock fragments in coarse soils. 

5.2.4 Strength: Strength may be estimated by simple field tests on dis- 
turbed and undisturbed samples or by laboratory tests on undisturbed 
samples. 

For the fine soils, with over 35 per cent of  silt and clay size, consistency 
may be estimated using simple manual tests (Table 19) on disturbed 
samples. 

Undrained shear strength of  fine soils may be classified and described 
as in Table 20, and the strength values are directly related to the estima- 
tions made by the simple manual tests given in Table 19. 

TERM UNDRAINED SHEAR STRENGTH kN/m 2 

Very so f t  

Soft  

Fi rm 

S t i f f  

Very s t i f f  

under 20 

20 - 40 

4 0 -  75 

75 - 150 

over 150 

Table 20: Classification of  fine soils in terms of  undrained shear 
strength 

If numerical, laboratory values for moisture content (m), liquid limit 
(LL), and plastic limit (PL) are available, the physical state of  fine soils 
can be closely expressed by the consistency index: 

L L - - m  
Consistency Index CI - L L - - P L  

A scale in terms of  consistency index is given in Table 21. 

TERM 

Very soft  

Soft 

Fi rm 

Sti f f  

Very sti  f f  
or hard 

CONSISTENCY INDEX 

less than 0.05 

0.05 - 0.25 

0°25 - 0.75 

0 . 7 5 -  l.O0 

over l.O0 

Table 21: Classification of  fine soils in terms of  consistency index 

For coarse soils (Table 11), the compactness of  the soil material may be 
Table 19: Field tests for the consistency of  fine soils estimated using the simple field tests specified in Table 22. 
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TERM FIELD TEST 

Loose 

Dense 

S l i gh t l y  cemented 

Can be excavated with a spade; 
50 mm wooden peg*can be eas i ly  
driven 

Requires pick fo r  excavat ion; 
50 mm wooden peg hard to dr ive 

Visual examination; pick removes 
lumps which can be abraded 

Table 22: Field test and descriptive terms for the compactness of  coarse 
soils (gravels and sands) 

*) The peg should be of  square cross-section and sharpened to a 100 
mm long point. 

The relative density of  sands and gravels may be determined by the 
Standard Penetration Test. A scale in terms of  N-values is given in Ta- 
ble 23. 

TERM 

Very loose 

SPT N-val  ues 
B1 ows/300 mm p e n e t r a t i  on 

0 - 4  

Loose 

Medi um dense 

Dense 

Very dense 

4 -  I0  

I 0  - 30 

30 - 50 

over  50 

Table 23: Standard penetration test N-values and descriptive terms for 
coarse soils 

Relative density of  sands and gravels may also be determined from the 
void ratio (en) of  the soil in situ and the void ratios corresponding to 
the loosest (emin) and densest (emax) laboratory states for a given soil. 
Relative density, classified in Table 24, is derived from: 

I D emax - -  en x 100 
ema x - -  emi n 

5.3 Description of the Soil Mass 

The description of  the soil mass requires information additional to the 
description of  the soil as a material. 

A soil mass should first be described as a soil material, or as a combina- 
tion or mixture of  soil types, followed by information of  engineering 
significance concerning the soil mass. Such information includes: 

(i) the geological structure and the distribution of  soil types in the 
soil mass 

(ii) the characteristics of  discontinuities in the soil mass 
(iii) the weathering profile 

Features of  the soil mass can only be determined by field observation of  
pits, trenches, and larger excavations; from natural exposures; or from 
a sufficient number of  undisturbed samples. 

5.3.1 Structure: the larger aspects o f  structure are related to folding 
and faulting of  stratified and interstratified deposits. Beds, layers and 
lenses of  different soil types may be present, and individual layers may 

TERM 

Very 1 oose 

Loose 

Medi um dense 

Dense 

Very dense*  

RE LA T I  VE 

less 

2O 

33 

66 

9O 

DENSITY 

than 20 

- 33 

- 66 

- 90 

- I 0 0  

(%) 

*Usually we.akly cemented 

Table 24: Relative density of  sands a n d  gravels 

be gradational from one soil type to another .  Folding and faulting in- 
troduce gross defects into the soil mass ,  and interstratification causes 
heterogeneity and anisotropy, all of  which may be more important 
from the viewpoint o f  engineering propert ies  than the properties of  in- 
dividual types of  soil material. 

Special bedding characteristics should be  described, for example disturb- 
ed bedding, cross bedding, and structures associated with bedding sur- 
faces such as ripple marks. Thin laminae of  silt in clay, or fine sand in 
silt, as two examples, give rise to par t ings  that separate easily. Inter- 
calations and lenses of  softy clayey or organic  matter, or of  soluble ma- 
terials, should be described in detail because of  their very important in- 
fluence on engineering properties and the  behaviour of the soil mass. 

Pedological features, such as roots and root-holes penetrating the soil 
mass, should be described. 

5.3.2 Discontinuities: Discontinuities in  soils, including fissures and 
shear planes, should be described and quantif ied using the terms alrea- 
dy given for rocks (I .S.R.M., 1977). 

5.3.3 The Weathering Profile: Weathering of  the soil mass should be 
described in the same way as for rock (3.2.3), including the gradation 
to rock if the soil profile has resulted f rom weathering of  rock. How- 
ever, Table 10 has to be modified if it is to be generally applicable to all 
soils, other than very stiff or hard, jo in ted  and fissured fine soils. 
Weathering grades for the soil mass are proposed in Table 25. Relics of  
the original soil of  weathering grades I and II are present in grades III 
and IV, corresponding to the corestones in the rock mass weathering 
grade classification (Table 10). 

6. Additional Geological Information for Rock and Soil Deo 
scription 

Wherever possible the following addit ional  information should be 
given. 

6.1 Geological Formation 

The name of  the geological formation can usually be found on pub- 
lished geological maps,  and should be given in the form determined by 
local custom, for example London Clay, Bannisdale Slates, Morrison 
Formation. 

6.2 Age 

The age of  the formation should be stated in terms of  System, Series, 
Stage or whatever stratigraphicai subdivisions are available. 
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TERM DESCRIPTION GRADE 

Fresh No v i s i b le  sign of  so i l  material  I 
weathering; perhaps s l i g h t  dis- 
co lorat ion on major d iscont inu i ty  
surfaces. 

In f ine so i l s ,  d isco lora t ion I I  
indicates weathering o f  so i l  mat- 
e r i a l  and d iscont inu i ty  surfaces; 
there is not a marked change in 
consistency of  the discoloured 
s o i l .  Relics of  fresh so i l  may be 
present. In coarse s o i l s ,  
ind iv idua l  fragments and discont-  
i nu i t i es  are discoloured;  there 
is no marked change in re la t i ve  
de nsi ty .  

In f ine s o i l s ,  the so i l  is dis- I I I  
coloured; less than t h i r t y  f ive 
per cent of  the so i l  w i l l  show a 
marked change in consistency; re l i cs  
of  Grades I and/or I I  are present. 
In coarse so i l s ,  less than t h i r t y  
f ive per cent of  the so i l  has 
markedly lower re la t i ve  density. 

In f ine soi ls ,  the so i l  is d is-  IV 
coloured and more than t h i r t y  
f ive per cent o f  the so i l  w i l l  
show a marked change in consistency; 
re l i cs  o f  Grade I I  are present. 
In coarse so i l s ,  mere than t h i r t y  
f ive per cent o f  the so i l  has 
markedly lower re la t i ve  density. 

In f ine s o i l s ,  the so i l  is dis- V 
coloured, re l i cs  o f  Grade I I  are 
absent; the so i l  shows a marked 
change in consistency from the 
fresh s o i l .  In coarse so i l s ,  
there is a marked decrease in 
re la t i ve  density. 

S l i gh t l y  
weathered 

Moderately 
weathered 

Hi ghly 
weathered 

Extremely 
weathered 

Table 25: Weathering grades for the soil mass 

7. Made Ground 

Made ground may be of  two types that are conveniently referred to as 
"engineered fill" and "non-engineered fill". 

7.1 Engineered Fill 

Excavated natural soils may be used as construction materials particu- 
larly for embankments, as general fill in large-scale cut-and-fill grading 
operations for housing developments, or dumped as ground fill where- 
ver volumes available are in excess of  engineering requirements. It is 
possible to carry out classification tests on such materials and to descri- 
be them using the proposals in Sections 4 and 5. 

Run of  quarry rock material as produced by blasting, or aggregates 
prepared by controlled crushing and grading, may similarly be used as 
construction materials. Although difficult to sample if the particle size 
is very large, these engineering materials may also be classified and 
described using Sections 4 and 5. 

7.2 Non-engineered Fill 

Except where natural soils and rock aggregates have been used as con- 
struction materials, it is seldom possible to carry out classification tests 
on materials in heaps or that have been used to infill excavations. This 
is particularly the case where urban demolition has taken place, or whe- 
re excavations or areas of  low-lying ground have been used for garbage 
disposal, and the dumping of  industrial wastes of  all kinds. 

A clear and complete description is therefore of  the greatest importan- 
ce, and in addition to describing normal soil constituents should inclu- 
de details of  the following. 

7.2.1 Mode of Origin: The fill may have been placed as a single dumped 
layer or as many thin layers with or without blanketting of each layer 
by natural soils. Modes of origin include household and industrial gar- 
bage, industrial wastes of all kinds including waste-solids, chemicals 
and liquids, and general demolition debris from urban renewal. Fill 
may be layered or 'cross-bedded',  depending upon the method of  pla- 
cement. 

7.2.2 Presence of Larger Objects: Masses of  masonry, reinforced conc- 
rete, steel girders may be present. 

7.2.3 Voids: Urban fill may obscure partly filled or unfilled cellars of  
previously existing buildings, sewers and other underground pipes, 
empty oil drums and other hollow objects including tyres, dumped au- 
tomobiles, refrigerators etc. 

7.2.4 Chemical and Organic Matter: Many areas of  non-engineered fill 
may represent the sites of  disused quarries and clay pits that have been 
used for the storage and disposal of  solid and liquid chemical wastes 
which may be inorganic or organic in character. 

7.2.5 Toxic Materials Including Gases: Acid wastes may react with lime- 
stone and concrete to produce carbon dioxide. Decomposing plant and 
animal matter will evolve methane, ammonia and other toxic gases. 
The dumped materials may themselves be toxic (7.2.4). 

7.2.6 Age: Most easily dated are old newspapers magazines and calen- 
dars which provide an indication of  the maximum age of  the deposit. 

7.3 Effects of Non-engineered Fill on Adjacent in Situ Rocks and Soils. 

Industrial liquids, leachates formed by percolation of  meteoric water 
through the fill, and other solutions, may percolate into adjacent and 
underlying rocks and soils. Resultant reaction with, or precipitation 
within the in situ rock and soil mass may bring about extensive altera- 
tion, masking their original character. 

8. Use  o f  Description and Classification o f  Rock and Soil  Units  
for Engineering Geological  Mapping.  

Engineering geological mapping is based, not on the lithostratigraphic 
units in conventional geological mapping, but on the recognition of  ho- 
mogeneous lithological units that in any one area may have a range of 
geological ages. The degree of  homogeneity is related to the scale of  the 
map, and an internationally acknowledged set o f  taxonomic units 
(UNESCO/IAEG, 1976) based on lithology has been established. The 
lithological engineering geological units are: 

Engineering Geological Type ET 
Lithological Type LT 
Lithological Complex LC 
Lithological Suite LS 

Each unit has been defined (UNESCO/IAEG, 1976, p. 12 and Section 
7.2), and these definitions are expanded in the following sections. 

8.1 The Engineering Geological Type 

The engineering geological type is the mapping unit applied at the larg- 
est map scales and to the interpretation of  site investigations carried out 
by means o f  boreholes, pits and trenches. Each distinctive rock or soil 
type can be described in terms of  a descriptive name (Sections 3.1 and 
5.1) using all, or a selction of, the descriptive terms listed in the accom- 
panying tables. 

Each mapping unit is thus defined semiquantitatively in terms of  those 
descriptive parameters that are classified, as for example in terms of 
material strength and discontinuity spacing. The engineering geological 
types has the highest degree of  physical homogeneity of  the four map- 
ping units, has a single fundamental rock or soil name and is character- 
ised by uniformity of  lithological character and physical state. Fur- 
thermore, each unit can be characterised by statistically determined val- 
ues from individual determinations of  physical and mechanical proper- 
ties (as listed in Appendix A and B). 

In mapping a granite, for example, a typical descriptive rock name for 
one engineering geological type would be: 
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GRANITE, light yellowish-brown, medium grained, slightly discolour- 
ed, strong, massive, very widely jointed, with stained, rough, tight 
joints in two orthogonal sets giving very large prismatic (Prl-type) 
blocks, slightly weathered. 

Another part of the same granite mass would be distinguished as another 
engineering geological type on the basis of being, for example, moderate- 
ly weathered, or with medium spaced joints (Pr3-type blocks). 

in the same way, a distinctive part of an exposure of clay in the wall of 
an exploration trench could be described as: 

CLAY, marine, yellowish-brown, fresh, firm, thinly bedded and close- 
ly fissured, of high plasticity. 

And other parts of the clay outcrop could, for example, be distinguished 
in terms of colour differences, or differences in plasticity, or differ- 
ences in consistency. 

Engineering geological types are the mapping units used for large-scale 
mapping, where the highest degree of discrimination is required bet- 
ween rock and soil masses with distinctive engineering properties. 

8.2 The Lithoiogtcai Type 

The lithological type comprises a number of closely related engineering 
geological types such as the same granite in different stages of weather- 
ing, i. e. the differing units in the weathering profile. Although each 
engineering geological type can be closely defined, characterisation of 
the corresponding lithological type is limited to providing only a gene- 
ral idea of engineering geological properties, with a range of values pre- 
sented. 

A lithological type, therefore, is homogeneous throughout only in com- 
position, texture and structure, but not necessarily in physical state. A 
granite could be medium-grained and massive throughout, but differ- 
ent parts might vary in some or all of the other material and mass pro- 
perties. 

Lithological types are the mapping units used for large and medium- 
scale mapping, and serve to distinguish the rock types present at an en- 
gineering site, and their distribution over the site. 

8.3 Llthological Complex 

A lithological complex comprises a number of genetically related litho- 
logical types that have developed under the same palaeogeographical 
and geotectonic conditions. Consequently, it is not possible to define 
the physical and mechanical properties of the whole lithological com- 
plex, but only to provide information on the individual lithological 
types and to give an indication of the general engineering geological be- 
haviour of the complex. 

The lithological complex is used as a mapping unit on medium-scale 
and some small-scale maps. 

An example of a lithological complex is the Chalk of Europe. The whole 
of the Chalk succession is a lithological complex which may be subdi- 
vided into a number of lithological types: white chalk with flints; white 
chalk, grey chalk, chalk rock, marlstone. In this case all the lithological 
types are calcareous to varying degrees. 

Another example is provided by the Productive Coal Measures of 
North-East England in which a dominant sandstone lithological type is 
associated with subordinate shale and coal lithological types, the whole 
forming on lithological complex. 

8.4 The Lithoiogical Suite 

A lithological suite comprises a group of lithological complex that have 
formed under generally similar palaeogeographical and geotectonic 
conditions. Each suite has certain lithological characteristics through- 
out which impart a general unity to the suite and serve to distinguish it 
from other suites. Only very general engineering geological properties 
can be defined for a lithological suite. 

Lithological suites are only mapped at small scales, and their distribu- 
tion in any particular region can usually be inferred from a geological 
map of the same scale and an understanding of the geologcial history. 

9. Methods for the Charactertsation of  Rock and Soil Mapping 
Units 

Classification of rocks and soils (Sections 2 and 4) results in the recog- 
nition of three genetic groups: magmatic (major intrusive, minor intru- 
sive, effusive, pyroclastic); metamorphic (regional, contact, dynamic, 
hydrothermal); and sedimentary (unconsolidated and consolidated, 
clastic, carbonaceous, chemical, biogenic). Within each genetic group 
subdivisions are made on the basis of a semiquantitative grain-size clas- 
sification (very coarse-grained, coarse-grained, medium-grained, fine- 
grained, very fine-grained and amorphous). The lithological classifica- 
tion, also taking account of structure and mineral content, provides a 
name for the particular rock or soil type. 

For the purpose of mapping, a lithological classification is sufficient at 
the scale of delimiting the lithological types, and hence for the litholo- 
gical complex and the lithological suite because of the hierarchical na- 
ture of the classification. Discrimination between different lithological 
types of the same rock, for example within a granite or a sandstone 
complex, can be achieved by the use o f  one or more of the descriptive 
terms for colour, grain size, bedding spacing in sedimentary rocks and 
soils, and minor lithological characteristics. 

Problems presented by interstratified sediments can be dealt with by 
describing each lithological type, and giving an estimate of the relative 
proportions of the two or more types. At a sufficiently large-scale it 
would even be possible, and indeed might be necessary, to recognise 
and map separate engineering geological types within two or more 
lithological types present. On the otherhand, at smaller scales interstra- 
tiffed sediments would be dealt with as distinctive elements in a litholo- 
gical complex. 

Classification of mapping units at the scale of the engineering geologi- 
cal type, as opposed to description of each unit, requires assessment of 
a number of attributes to give a smaller number of classes or grades 
which are to the mapping units. This assessment demands discrimina- 
tion between those attributes that are unique and those that are interre- 
lated, if the number of distinct mapping units is to remain manageable. 

9.1 Characterisatlon of the Engineering Geological Type 

As similar criteria can be applied to the description and classification of 
both rocks and soils, in this and subsequent sections reference will be 
made only to rocks. 

For an individual lithological type, marked differences in physical and 
mechanical properties will be related to internal and external geological 
processes that have affected the rocks. These processes are: 

a) weathering (and/or alteration), leading to variations in strength of 
the rock material, and discontinuity spacing in the rock mass. 

b) tectonic activity, for example faulting, leading to variation in dis- 
continuity spacing and possibly controlling the distribution of wea- 
thering grades in rock mass. 

Parallel changes in colour and texture may also occur, thus embracing 
all the terms used in the description of the rock material and the rock 
mass. 

Recognition of differences in physical state within one lithological type 
leads to the establishment of a number o f  distinct engineering geologi- 
cal types. For mapping to be effective, the number of mapping units 
for each engineering geological type needs to be small. Consequently, 
the variables that may be applied to each engineering geological type 
listed in the descriptive rock name need to be evaluated with respect to 
their dependence and relation one to another if the number of variables 
is to be reduced to an acceptable level. 

Changes in colour and texture are related to weathering changes, and 
from the list of descriptive terms for rock (3.2, 3.3) three important 
variables are the state of weathering, strength and discontinuity spa- 
cing. Each of these may be classified (Tables 4, 5 and 6) into five or six 
classes. 

Mapping could be undertaken in terms o f  engineering geological types 
distinguished by weathering grade assessment (Table 10), and each 
weathering grade could be characterised by a full descriptive name. An- 
other approach may be the distinction o f  rock blocks of different size 
and shape (Section 3.3.2.10, Table 9 and Fig. 2). 
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A difficult problem concerns the method, or methods, to be adopted 
for the mapping process for without either complete, or nearly complete 
exposure or the availability of  a sufficient number of  cored or access- 
ible boreholes it is impossible to determine the distribution of  weather- 
ing grades, types of  blockiness, or other characteristics of  the physical 
state of  the rock mass. If geological information is not available, then 
indirect methods of  assessing variations in engineering geological pro- 
perties have to be used. 

9.2 Indirect Characterisatlon of Engineering Geological Types 

Indirect methods, such as geophysical methods (Horsky and Muller, 
1978), provide the only hope of  determining in situ variations in the 
rock mass where exposures or borehole coverage are inadequate. How- 
ever, unless the geological conditions are known, for example the types 
of  rock or soil present and their distribution, then the indirect methods 
can only discriminate between variations in physical mass properties, 
such as apparent resistivity or seismic velocity. Variations in physical 
properties of  the mass can thus be used as a means of  classification in- 
dependent of  either a geological or engineering geological classifica- 
tion. The classes so determined are representative of  rock and soil mass 
disintegration grades and not of  true engineering geological types. 

9.2.1 Velocity Index: A general quantitative index for the character o f  
the in situ mass is provided by the field: laboratory velocity ratio (Ono- 
dera, 1963; Deere and Miller, 1966; Deere, Merrit and Coon, 1969). 
The method depends on the assumption that laboratory test cylinders, 
taken for example from site investigation drill cores, are free from the 
physical defects of  the rock mass and are thus representative of  the 
rock material. The field velocity is less than the laboratory velocity be- 
cause of the defects present in the rock mass. In general there is a re- 
duction in velocity of  seismic waves with decrease in discontinuity spac- 
ing and changes in other discontinuity properties (3.3.2) and also with 
increase in weathering grade (Iliev, 1970). 

The velocity index provides a measure of the degree of  fracturing, 
weathering and moisture content of  the rock. Velocity index may be 
specified as the simple ratio of  field: laboratory velocity, but is usually 
given in terms of  the square of  the field: laboratory ratio which is then 
directly proportional to the field: laboratory dynamic moduli. 

Deere et al. (1969) have proposed an engineering classification for the 
rock mass based either on determination of  velocity index or on Rock 
Quality Designation (RQD) determined by logging core (Table 26). 

RQD 
(per cent) 

0-25 

25-50 

50-75 

75-90 

90-100 

Velocity IQdex 
(VF/VL)c 

0-0.2 

0.2-0.4 

0.4-0o6 

0.6-0.8 

0~8-1o0 

Description 

Very poor 

Poor 

Fai r 

Good 

Excel lent 

Table 26: Classification of  the rock mass in terms of  RQD and Velocity 
Index 

Rock Quality Designation, a measure of  the degree of  brokenness of  
the rock In situ, is determined by counting only the combined length of  
pieces of  unweathered core greater than or equal to four inches in 
length as a percentage of  the length of  the coring interval° 

9.2°2 Seismic Wave Attenuation: A more sensitive parameter to varia- 
tions of  rock quality than velocity index would probably be provided 
by seismic wave attenuation determinations. 

9.2.3 Apparent Resistivity: Apparent resistivity of the ground is prima- 
rily dependent on porosity, fracturing, degree of  saturation and the sa- 
linity of the pore-water. The method provides a means of  discriminat- 
ing variations in those properties within an individual lithological type 
which might give rise to distinctive engineering geological types. 

For the method to be effective, there must be a strong contrast between 
engineering geological types, for example contrasts occasioned by shat- 
ter zones of  high porosity in igneous and metamorphic rocks, and by 
weathered rock overlying fresh igneous and metamorphic rocks. 

Two methods of  resistivity surveying are in common use. Variation in 
resistivity with depth below a selected point is akin to electrical boring. 
It is used to determine depth to watertable, depth to bedrock below su- 
perficial deposits, and depth to other lithological changes. Determina- 
tion of  variation of  resistivity at a fixed depth at different points along 
a traverse is electrical profiling. A map of  variations in apparent resisti- 
vity can be derived from a set o f  electrical profiles, akin to a pattern of  
boreholes to a standard depth. 

9.3 Characterisation of the Engineering Geological Type in Terms of 
Significant Engineering Properties 

For the purpose of  engineering design, important properties of the rock 
or soil mass are strength, deformability, permeability and durability. 
Determination of  each of these properties as a characteristic of indivi- 
dual engineering geological types requires in situ testing in a borehole 
or other type of  excavation. Many in situ tests need sophisticated in- 
strumentation and, because of  the inherently high costs, can usually 
only be carried out in limited numbers on large projects. 

Commonly used in situ tests are listed in Appendix C (13.3) and Appen- 
dix D (13.4). 

Mapping in terms of  engineering properties depends on the determina- 
tion of  the relation between recognised engineering geological types 
and engineering properties. The geological assessment can then be used 
to extend the area, or volume, of  applicability of  the appropriate engi- 
neering property over, for example, the foundation area of a dam 
(Knill and Jones, 1965; Lane, 1964; Horsky and M~lller, 1978), or other 
large structures (Ward and Burland, 1968; Ward, Burland and Gallois, 
1968; Bondarik and Goraltchouk, 1978). 

It is not appropriate here to elaborate on the methods of  testing com- 
monly used, or on the interrelations between the results and distinctive 
engineering geological types that may be used for mapping purposes. 

9.4 Characterisation of the Lithological Type 

An altogether broader approach is required for the characterisation of 
the Lithological Type as is brougth out in a typical description of  a 
mapping unit: MUDSTONE, micaceous, light greyish brown, fine to 
very fine-grained, thinly bedded (UNESCO/IAEG, p. 21). This des- 
cription is semiquantitative and could include additional data, for 
example, on variations in discontinuity spacing, weathering grade and 
strength present in the map unit. 

Methods of  delimiting mapping units are based on recognition of  dis- 
tinctive rock and soil types, that is the conventional geological approach 
to mapping is adopted. Mapping units may be characterised by infor- 
mation acquired by field observation and measurements; by boring and 
sampling followed by systematic laboratory testing; by geophysical 
testing, and by limited In sltu testing. 

9°5 Characterisation of the Llthoioglcal Complex 

Map units are delimited by areal mapping with facies-analysis, as used 
in conventional geological mapping. Each map unit may be character- 
ised by lithological (petrographical), geophysical and geotechnical 
investigations, backed up by boring and sampling and laboratory deter- 
minations of  physical and mechanical properties. 

Characterisation is broadly based and very general on account of  the 
number of  distinct lithological types usually present in a lithological 
complex. 
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9.6 Characterisation of the Lithological Suite 

At this, the smallest scale of engineering geological mapping, determi- 
nation of mapping units is made from existing small-scale geological 
maps, from general reconnaissance mapping, and by photogeological 
interpretation. Characterisation is made on the known physical and 
mechanical properties of the lithological types and complexes present. 

9.7 Methods of Representation of Rock and Soil Characteristics in En- 
gineering Geological Mapping 

On the map and its legend, semiquantitatively and quantitatively assessed 
rock properties are represented in different ways. 

(a) On maps, boundaries may be drawn around units which are homo- 
geneous in terms of, for example, a defined degree of plasticity, 
consistency, or relative density, or of such characteristics as degree 
of jointing or weathering grade. Quantitative assessments can also 
be expressed by lines of equal values (isolines) over the area mapp- 
ed. Both types of map are examples of analytical maps 
(UNESCO/IAEG, 1976, p. 12). 

(b) The quantitative rock and soil characteristics can be tabulated in 
so-called enlarged legends - -  these are mainly produced to accom- 
pany maps of engineering geological conditions (UNESCO/IAEG, 
1976, pp. 39--43), where apart from groundwater, relief and geo- 
dynamic processes, particular attention is paid to the delineation, 
representation and characterisation of the distribution, properties 
and physical state of rock units (ET, LT, LC or LS, depending on 
map scales). 

(c) The quantitative characteristics of rock material can be given most 
fully in the explanatory text, memoir or report accompanying the 
map. As a rule such information is dealt with in chapters dealing 
with individual rock units and their properties. Usually arranged in 
stratigraphical sequence, the rock examples thus receive a compre- 
hensive, technical evaluation which, apart from detailed discussion 
of individual characteristics, also summarizes their properties in an- 
notated tables, graphs and diagrams. 

10. Examples of the Use of Rock and Soil Descriptions on En- 
larged Map Legends 

In Sections 1 and 8 the four types of engineering geological mapping 
unit are defined, and examples of typical descriptive rock names are 
given for large-scale mapping. The degree of detail used in the descrip- 
tion of mapping units depends on the type of mapping unit used which 
in turn is related to the scale of the map. Detailed descriptions may be 
confined to a descriptive memoir accompanying the maps, but on many 
maps the description of the map units may be usefully extended to in- 
clude all available details of material and mass characteristics. 

In the following sections, examples are given to supplement the descrip- 
tion of the maps units which accompany Fig. 1 in the published guide 
to engineering geological mapping (UNESCO/IAEG, 1976). One im- 
portant development from these proposals, is that in the descriptive 
rock name (3.1) and soil name (5.1), the lithological rock or soil name 
is placed first, followed by material properties and then by mass pro- 
perties. 

10.1 Descriptions of Engineering Geological Types 

Rock and soil units exposed in a foundation excavation near a sea coast 
could expose, in sequence from the surface downwards, the following 
engineering geological types: glacial till, beach gravels, extremely 
weathered granite, slightly weathered granite. An adequate description 
of each type would include some or all of the main characteristics listed 
in Sections 3 and 5, for example: 

SILT, clayey with some cobbles and boulders (Glacial Till, Devensian, 
Pleistocene), dark brown, slightly weathered, stiff massive, with medi- 
um spaced, :¢ertical polygonal joints. 

GRAVEL, sandy (Beach Sand, Pre-Devensian, Pleistocene?), light 
brown, slightly weathered, loose, with faint lamination. 

GRANITE, biotite (Middle Devonian), dark reddish brown, uniformly 
coarse-grained, extremely disintegrated, weak, massive, with widely 
spaced joints, weathering grade V. 

GRANITE, biotite (Middle Devonian), dark reddish brown, uniformly 
coarse-grained, slightly weathered with widely spaced joints and equi- 
dimensional blocks (Eg2), very strong, massive, weathering grade II. 

Such semiquantitative descriptions may be adequate for mapping pur- 
poses but if considered necessary may be extended to provide much 
more information on material and mass properties. An extended des- 
cription of one of the above engineering geological types is given be- 
low: 

SILT, clayey, of low plasticity, with some flat, subrounded, smooth, 
grooved and facetted cobbles and boulders of dolerite, granite and 
schist (Glacial Till), dark brown becoming dark yellowish brown near 
the surface, slightly weathered with light-grey 20 mm thick selvedges to 
joints for up to 2 m below surface, stiff, firm in light-grey joint selved- 
ges, massive with no bedding or other  structures, polygonal vertical 
joint sets, medium spaced (200--600 ram), dying out 3 m below sur- 
face, smooth and planar except where cobbles and boulders are inter- 
sected, aperture very narrow, dry, medium columnar blocks up to 2 m 
long bounded by horizontal joints (Co3-type). 

In the same way the description of the GRAVEL and the two types of 
GRANITE could be extended to take account of all the semiquantita- 
tire and quantitative features determined, using the descriptive terms 
given in the appropriate sections of the  report. 

10.2 Descriptions of Lithological Types 

It has already been made clear (Section 9.4) that a less detailed descrip- 
tion is adequate for Lithological Types, and for this purpose the des- 
criptions of Engineering Geological Types given in Section 10.1 could 
be abbreviated as follows: 

SILT, clayey with some cobbles and boulders (Glacial Till, Devensian, 
Pleistocene), dark brown, stiff to firm, massive, with vertical polygo- 
nal Co3-t type blocks. 

GRAVEL, sandy (Beach Sand, Pre-Devensian, Pleistocene?), light 
brown, loose, faintly laminated. 

GRANITE, biotite, (Middle Devensian), reddish brown, uniformly 
coarse-grained, massive, weathering grades II and V present. 

11. Conclusions 

The purpose of this report is to present recommendations for a stand- 
ard method for the description and classification of rocks and soils for 
use in engineering geological mapping. 

A unified method for desribing both rocks and soils is proposed, taking 
into account a selected, limited number of material and mass proper- 
ties. Each of the respective material and  mass properties is classified, 
and a description may be based on actual values of each property, statis- 
tically determined mean values, or classes or combinations of classes 
for each property. 

There are many properties of rocks and soils that may be determined by 
laboratory tests. These are listed in Appendix A (13.1) and Appendix B 
(13.2). The properties listed may be classified and used either for addi- 
tional descriptive purposes or for direct classification. There are also 
properties of the soil and rock mass tha t  may be determined by in sltu 
testing (Appendix C, 13.3; Appendix D, 13.4). 

Lithological classification is based on the  main genetic groups of rocks: 
igneous, sedimentary and metamorphic, but sedimentary rocks and 
soils are classified separately because o f  the fundamentally different 
methods of classification for rock and soil adopted for engineering pur- 
poses. The classification of rocks, including sedimentary rocks, is a 
simplified geological classification, whereas the classification of engi- 
neering soils is essentially an engineering classification based on partic- 
le size analysis and the influence of particle size grading on engineering 
properties. 

An engineering geological classification o f  rocks and soils for engineer- 
ing geological mapping, related to the scale of the map, involves the 
Engineering Geological Type at the largest scale, and at progressively 
smaller scales the Lithological Type, the Lithological Complex and the 
Litbological Suite. 

Characterisation of the Engineering Geological Type, and hence its re- 
cognition as a mapping unit, depends on the assessment of engineering 
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geological and engineering properties. Conventional engineering geolo- 
gical methods may be used to characterise Lithological Types and sim- 
pler methods are used for the characterisation of the Lithological Com- 
plex and the Lithological Suite. 

Departure from standard geological techniques is marked by the accep- 
tance of distinctive mapping units recognised on the basis of similarity 
of lithology and lithological associations regardless of geological age 
differences. 

The Engineering Geological Type is the mapping unit that is most dis- 
tinctively engineering geological in character. From the point of view of 
engineering behaviour, the Engineering Geological Type is the largest 
engineering unit that can be expected to have uniform engineering 
design characteristics. Engineering design properties of the rock mass, 
as distinct from rock material, are determined by a limited number of 
relatively expensive in sitn tests. Correlation between the results of the 
in situ tests and an engineering geological description of the rock or soil 
mass enables the limited test results to be applied to the whole mapped 
outcrop of each individual, homogeneous Engineering Geological Type 
that has been tested. 

12. References  

ANON., (1957): Site Investigations. British Standard Code of Practice 
CP 2001 (1957). London, The Council for Codes of Practice. British 
Standard Institution. 
ANON., (1960): The Unified Soil Classification System, Tech. Memo. 
No. 3--357, 1960. U.S. Army Engineer Waterways Experiment Sta- 
tion. 
ANON., (1963): Rock Color Chart. Geological Society of America. 
ANON., (1970) The logging of rock cores for engineering purposes. 
Q.J1 Engng Geol., 3, 1--24. 
ANON., (1972a): Subsurface investigation for design and construction 
of foundations of buildings: Part 1. J1. Soil Mech. Foundns. Div., 
Proc. American Soc. civ. Engrs. Proc. S.M., 98, 481--490 Part 11 
557--578, Part 111 749--764. 
ANON., (1972b): The preparation of maps and plans in terms of engi- 
neering geology. Q.J1 Engng Geol., 5,293--381. 
ANON., (1977): The description of rock masses for engineering pur- 
poses. Report by the Geological Society Engineering Group Working 
Party. Q.J1 Engng Geol., 10, 355--388. 
ANON., (1980): British Standard 5930. Site Investigations. London, 
British Standards Institution. 
BONDARIK, G. K. and GORALTCHOUK, M. J. (1978): H6t6rog6n6- 
~it6 du massif rocheux et systems d'~chantillonage g6ologique d'ing~- 
nieur. Proceed. 3rd Intern. Congress of IAEG, Madrid, Section IV, 
p. 17. 
BROCH, E. and FRANKLIN, J. A. (1972): The point load strength 
test. Int. J. Rock Mech. Min. Sci., 9, 669--697. 
CASAGRANDE, A. (1948): Classification and identification of soils. 
Trans. Am. Soc. civ. Engrs., 113,901--992. 
DEARMAN, W. R. (1974): Weathering classification in the characteri- 
zation of rock for engineering purposes in British practice. Bull. Int. 
Assoc. Engng Geol., 9, 33---42. 
DEARMAN, W. R. (1976): Weathering classification in the characteri- 
zation of rock: a revision. Bull. Int. Assoc. Engng Geol., 13, t23--127. 
DEERE, D. U. and MILLER, R. P. (1966): Engineering classification 
and index properties for intact rock. Report AFWL-TR-65-116. Air 
Force Weapons Laboratory (WLDC) Kirtland Air Force Base, New 
Mexico 87117. pp. 300. 
DEERE, D. U., MERRIT, A. H. & COON, R. F. (1969): Engineering 
classification of in situ rock. Report AFWL-67-144. Air Force Systems 
Command, Kirtland Air Force Base, New Mexico. pp. 272. 
DUNCAN, N. (1969): Engineering geology and rock mechanics. 2 
Vols. London, Leonard Hill. pp. 252, 270. 
GLOSSOP, R. and SKEMPTON, A. W. (1945): Particle-size in silts 
and sands. J l  Instn. Civ. Engrs., 25, 81--105. 
HORSKY, O. and M13LLER, K. 1978. Rock Environment - -  Deter- 
mining factor for projecting the hydrotechnic construction works. 
Proc. 3rd Int. Congress of IAEG, Madrid, Section Ill, 1, 143. 
HUCKA, V. (1965): A rapid method of determination of the strength 
of rocks in situ. Int. Jour. Rock Mech. Min. Sci., 2, No. 2, 127. 

ILIEV, I. G. 1967. An attempt to estimate the degree of weathering of 
intrusive rocks from their physico-mechanical properties. Proc. 1st 
Cong. Int. Soc. Rock Mech., Lisbon, 109--114. 
IRFAN, T. Y. and DEAILMAN, W. R. (1978): Engineering classifica- 
tion and index properties of a weathered granite. Bull. Int. Assoc. 
Engng Geol., 17, 79--90. 
[.S.R.M., (1977): Suggested methods for the quantitative description 
of rock masses and discontinuities. Int. Soc. Rock Mech. Commission 
Standardization Laboratory and Field Tests. Document 2, Final Draft. 
KNILL, J. L. and JONES (1965): The recording and interpretation of 
geological conditions in the foundations of the Roseires, Kariba and 
Latiyan Dams. Geotechnique, 15, 94--124. 

LANE, R. G. T. (1964): Rock foundations. Diagnosis of mechanical 
properties and treatment. Proc. Eighth Congress Large Dams, Edin- 
burgh, 1, 141--166. 
LIU, T. K. (1970): A review of engineering soil classification systems. 
Special procedures for testing soil and rock for engineering purposes. 
Fifth Edition ASTM Special Technical Publication 479. Am. Soc. 
Testing Materials. 361--382. 
MATULA, M. (1969): Engineering geologic investigations of rock 
heterogeneity. II Symp. Rock Mechs. Berkley. 25--42. 
MATULA, M. and HOLZER, R. (1978): Engineering geological typo- 
logy of rock masses. Grundlagen und Anwendung der Felsmechanik. 
Felsmechanik Kolloquim Karlsruhe. Trans. Tech. Publications, 
Clausthal, 107--121. 
MUNSELL, A. H. (1941): A color notation. Munsell Soil Color 
Charts, Baltimore, 1954 (Munsell Color Company Inc.). 
ONODERA, T. F. (1963): Dynamic investigation of foundation rocks 
in situ. Proc. 5th Syrup. Rock Mech., Minnesota, 517--33. New York, 
Pergamon. 
PITEAU, D. R. (1970): Geological factors significant to the stability of 
slopes in cut rock. Symp. Planning Open Pit Mines, Johannesburg, 
33--53. 
SCHROEDER, W. L. (1975): Soils in Construction. John Wiley, Lon- 
don, pp. 242. 
SREJNER, L. A., PETROVA, O. P. and JAKUSEV, V. P. 1958. 
Mechanical and abrasive properties of rocks. Gostoptechizdat Moskva. 
TERZAGHI, K. (1925): Erdbaumechanik auf bodenphysikalischer 
Grundlage. 
TERZAGHI, K. & PECK, R. B. (1967): Soil mechanics in engineering 
practice. John Wiley & Sons (2nd Ed.). pp. 729. 
UNESCO/IAEG. (1976): Engineering geological maps. A guide to 
their preparation. The Unesco Press, Paris, pp. 79. 
U.S. Bureau of Reclamation. 1963. 
Earth Manual, 1st Ed. Revised, Washington D.C. pp. 783. 
WARD, W. H & BURLAND, J. B. (1968): Assessment of the defor- 
mation properties of jointed rock in the mass. Proc. Int. Symp. Rock 
Mechanics, Madrid, 35--44. 
WARD, W. H., BURLAND, J. B. & GALLOIS, R. W. (1968): Geo- 
technical assessment of a site at Mundford, Norfolk, for a large proton 
accelerator. Geotechnique, 18, 399--431. 

Additional references 

DIN 18196. 1970. 
Earthwork; soil-classification for civil engineering purposes and meth- 
ods for identification of soil-groups. 
DIN 4022. 1969. 
Part 1. Subsoil and groundwater; designation and description of soil 
types and rocky soil; list of soil courses for testing and boring without 
continuous gaining of core trials. 

13.  A P P E N D I C E S  

13.1 A P P E N D I X  A: A list of laboratory tests on soil which may be 
used for the characterisation for engineering geological types. 

13.1.1 Soil Classification Test 
Moisture content 
Liquid and plastic limits (Atterberg Limits) 
Cone penetration limit 
Linear shrinkage 
Specific gravity 
Particle size distribution: sieving 

sedimentation 
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13.1.2 Soil Chemical Tests 

Organic matter  
Sulphate content of  soil and groundwater 
pH value 
Carbonate content 
Chloride content 

13.1o3 Soil Compacti,m Tests 

Dry density o f  soil 
Dry densi ty/moisture content 
Relative density of  cohesionless soil 

13.1.4 Soil Strength Tests 

Triaxial compression: undrained 
: undrained with measurement  o f  pore-water 

pressure 
: consolidated undrained 
: consolidated undrained with measurement  o f  

pore-water pressure 
: consolidated drained 
: multi-stage triaxial test 
: free-end test 

Unconfined compressive strength 

Laboratory vane shear 

Direct shear-box 

Residual shear 
strength 

Ring shear test 

: immediate 
: consolidated immediate 
: drained 

: multiple reversal shear box 
: triaxial test with preformed shear surface 
: shear-box with preformed shear surface 

13.1.5 Soil Deformation Tests 

Consolidation : one-dimensional consolidation properties 
(Oedometer Test) 

: triaxial consolidation 
: Rowe consolidation cell 

Elastic modulus  

13.1.6 Soil Permeability Tests 

Constant  head permeability test 
Falling head permeability test 
Triaxial permeability test 
Rowe consolidation cell test 

13.1.7 Soil Corroslvity Tests 

Bacteriological tests 
Redox potential 

13.2 APPENDIX B: A list of  laboratory tests on rock which may be 
used for the characterisation of  engineering geological types 

13.2.1 Rock Classification Tests 

Saturation moisture content 
Bulk density 
Moisture content 
Porosity 
Thin section examination 
Slake durability 
Carbonate  content 
Swelling test 

13.2.2 Dynamic Tests 

Seismic velocity 
Dynamic modulus  

13.2.3 Rock Strength Tests 

Point load test 
Uniaxial compression 
Indirect tensile strength, diametral compress ion 
Brazilian Test 
Triaxial compression: undrained 

: undrained, with measurement  o f  pore-water 
pressure 

Direct shear box 

13.2.4 Rock Deformation Tests 

Static elastic modulus  
Creep tests : undrained 

: constant load 
: triaxial 

13.2.5 Rock Permeability Tests 

Triaxial cell 
Centrifugal 
Radial 

13.2.6 Rock Durability Tests 

Sulphate soundness test 
Freeze-thaw test 
Slake durability test 

13.3 APPENDIX C: A list of  in situ tests  on soils which may be used 
for the characterisation o f  engineering geological types 

13.3.1 Soil Strength Tests 

Standard penetration test 
Cone penetration test 
Vane test 
Plate load test 
Pressuremeter test 
In situ shear tests 

13.3.2 Soil Deformation Tests 

Plate load test 
Pressuremeter test 

13.3.3 Soil Permeability Tests 

Variable head tests 
Constant  head test 
Pumping tests 

13.3.4 Soil Density 

Bulk density : Sand replacement method 
: Core cutter m e t h o d  
: Rubber balloon m e t h o d  
: Nuclear method 

13.3.5 In situ Stress Measurements  

13.4 APPENDIX D: A list o f  in situ tes ts  on rocks which may  be used 
far the eharacterisation o f  engineering geological types 

13.4.1 Rock Strength Tests 

Plate load test 
Pressuremeter test 
In situ shear test 

13.4.2 Rock Deformation Tests 

Plate load tests 
Pressuremeter test 
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13.4.3 Rock Permeability Test 

Packer test 
Pumping tests 

13.4.5 In situ Stress Measurements 

14. A P P E N D I X  E: Other  S tandard  Soi l  Class i f i ca t ions  

Because there is no international soil classification system, other na- 
tional systems are presented here. 

14.1 The Unified Soil Classification System (UCS) 

The Unified Soil Classification System, developed in the United States 
(Casagrande, 1948; Anon. ,  1960; USBR, 1963), is recognised the world 
over, and is a textural-plasticity type of soil classification system (cf 
Section 4). In general two primary soil groups are recognised; the 
coarse-grained or granular group and the fine-grained group; a subsi- 
diary third group is the highly organic (peaty) group. 

Classification on the basis of  laboratory test results requires the deter- 
mination of  grain size analysis and the determination of  liquid and 
plastic limit. With experience it can also be used as,the basis of  a field 
classification. Details of  the Unified System are set out in Table 27, and 
the classification is given in detail and discussed in Liu (1970), Anon. 
(1972a) and Schroeder (1975). The UCS is used in Australia. 

14.2 French Classification of Soils 

The French Soil Classification is similar to the British Soil Classifica- 
tion for Engineering Purposes (BSCS) (Section 4), but includes two 
classes (Class E and F, Table 28) that are not considered in the BSCS. 
One is for rock materials which change to soil when used as 
'engineered-fill' (Section 7.1). The other includes soils with soluble mi- 
nerals and so-called 'non-engineered fill' (Section 7.2). 

14.2.1 Principles on which the classification is based 

Les sols sont r@artis en six classes, d6finies en fonction des caract6risti- 
ques intrins~ques qui influent le plus sur leur comportement & la raise 
en oeuvre et par cons6quent sur les conditions d'utilisation/t respecter 
pour obtenir des remblais et des couches de forme de qualit6 normale. 

Les difficult6s d'extraction ne sont pas prises en compte dans cette clas- 
sification. 

Chaque classe est divis6e en sous-classes en fonction des caract6risti- 
ques intrins~ques les plus importantes pour chaque classe, toujours du 
point de vue de la raise en oeuvre. 
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nir compte de l'6tat du mat6riau en place; la teneur en eau est Ie para- 
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A l i n e o r P I t c s l t h a n  * i t h  P!  bet ~en 

4 and 7 an= 
borderline 

" A ' line, with P l  grealer , dualrequiringlymbollu~l o f  
than 7 I 

CU = D ~  Gru t c r  th in  6 
Din 

= ( D ~ ) I  B e t l ~ c a  l a=td ] 
CC Due x D ~  

r a ~ t i ~ =  ,n rr~tloQ r,quirem~t~ r~ 

. Abo~ A 
' A  h n e o r P I l e ~ t h a n  with PI' blrt~asl 
4 . 4 and T are 

Atterberll limits ~1o~1 bocxL..~i~ 
'A ' l iMwithPll f fral ter  requiHnl ~ 
than 7 dual syrabol~ 

~o 

0 10 20 30 , ~  50 5(1 70 ~0 90  ~1~ 
~jquld l imd 

Pla s, h c d y  c~ar t  
foe ~l>o~lto~f ¢lassd.¢atIO~ of hne i~ ' ,~ :1  SOtl~ 

Table 27: The Unified Soil Classification System (No. 2130 sieve size is 0.074 mm; No.  4 sieve size is 4.76 mm) 
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14.2.2 Definition of classes: general features 

CLASSE D ~ o s o  N~I~ON 

A Sols fins. 

B Sols sableux ou 
graveleux avec f ines.  

Sols c o m p o r t a n t  
C des fines e t  

des  gros ~Idments.  

D Sols et roches  
insensibles /~ l 'eau. .  

E Roches ~volutives. 

Matdriaux 
F putrescibles ,  

combust ib les ,  
solubles ou pol luants .  

Ca~Tgaf.s 
cA RACIgRIS'r~QUF_S 

Diam/:tre des plus gros 
d ldments  < 50 mm.  
Tamisa t  h 80 ~ > 

[35 %. 

Diam~tre des plus gros 
d l6ments  < 50 ram. 
Tamisa t  ~ 80 i.tm en t re  
5 e t  35 96. 

Diam~tre  des plus gros 
d ldments  > 50 ram. 
Tamisa t  ~t 80 iJ.m > 
5 9fD. 

Tamisa t  h 80 i.xm < 
596.  

Fragil i td et  altdrabilitd 
ddfinies  p a r  des c,ssais 
ddpendan t  de ia na- 
tu re  des  matdrlaux.  

Crit~:res caractdrist i -  
ques  ddpendan t  d e . l a  
na tu re  des matdriaux. .  

E xs_xtPtr.s 

Silts,  l imons,  
argiles, etc. 

Sables et graves 
argileux, etc. 

Argiles ~ silex, 
al luvions grossi6res,  

e t c .  

Sables  et graves 
propres ,  matdriaux 
rocheux sains, etc. 

Craies, schistes,  etc. 

Tourbe,  schistes  
houillers,  gypse, 

rdsidus industr iels  
poiluants0 etc. 

COM ME N'TAI R.ES 

T o u s i e s  sols des c l a s ses  A, B ©t C. m6me 
non plas t iques  (s i l t s ,  sables tr/:s fins) sont 
sensibles  :~ l 'eau, cet te  sensibil i td 6rant 
considdrde dans  I ' op t ique  de l 'ex~cution des 
t e r r a s semen t s  ( t raf f icabi l i td .  compactage)  et 
du c o m p o r t e m e n t  d e s  plates-forrnes.  

La dif fdrence e n t r e  les classes A et  B e.st 
dans  le pourcen tage  de fines, d'ofa des diff& 
rences  de sensibi l i t~  ~a l 'eau (plus ou moins 
long t emps  de r d p o n s e  aux var ia t ions  des 
condi t ions  mdt~oro |og iques)  et de compor-  
t emen t  m6canique  ( f r o t t e m e n t ,  cohesion) .  

La di f ference  p r inc ipa l e  en t re  les classes  B 
et  C concerne  les gTOs ~l~ments : presence  
de cailloux et  de  b l o c s  darts les sols de ia 
classe C0 d 'oh  : 

emploi  poss ib le  o u  non selon la class-" 
de cer ta ins  out i ls  d e  t e r r a s semen t ,  

difficultY, p o u r  lea sols C, de rdglage d ~  
pla tes- formes,  d ' ex~cut ion  des trancb~,es_ 

L'insensibil i t~ h i ' e au  est  consid~rd[e darts 
l 'opt ique de l ' ex~cut ion des t e r r a s s e m e n t s  : 
effe t  n~gligeable d e s  condi t ions  m~t~oro lo -  
giques sur  la qual i t~  des ouvrages  rc[alis~s. 

Mat~riaux dvoluant  p e n d a n t  les t ravaux ou 
pa r  la sui te  vers  un  sol sensible  h l 'eau ou 
vers une s t r u c t u r e  d i f f~rente  pouvan t  entrai-  
he r  des  t a s semen t s .  

L o r s q u ' I I S  s o n t  u l~ i i~aDles,  cea I r l :~ ler la t tg  ..... 
doivent  I '~tre d a n s  les condi t ions  appli- 
cables ~ la classe A, B, C. D ou E ~t laqueile 
ils se r a t t a chen t  d ' ap r~s  leurs  caractdris-  
t iques granulom~triques ou dventue l lement  
leur caract/ :re de r o c h e  ~volutive. 

Table 28: Definition of soil classes 

14.2.3 Detailed classification tables for soil classes A to 17 

The tables on the following pages give a detailed classification for each 
of the soil classes A to F. 
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14.2 .3 .1  F ine  soils: Class  A 

Sol.~ LI3 PLUS 
SOUS- I ~  (0UI34 MI!NI 
CI JtSSE R L NCDNT RI'_g 

A !  

I ,  < l0  

A I  

10 :h 20 

All  

I ,  

2 0 ~ 5 0  

L i m o n s  p e u  
p l a s t i q u e s .  

L o e s s .  

Si l t s  
a l l u v i o n n a i r e s .  

S a b l e s  f ins  
p e u  po l luds .  

A r ~ n e s  p e u  
p l a s t l q u e s .  

S o l s  /~ m i c r o -  
f o s s i l e s  p o r e u x .  

C e n d r e s  v o l a n t e s .  

S a b l e s  f i n s  
a r g i l e u x .  

L i m o n s .  

A r g i l e s  c t  m a r n e s  
p e u  p l a s t i q u e s .  

ArEnes .  

Arg i l e s .  

M a r n e s .  

L i m o n s  t r~ s  
p l a s t i q u e s .  

, ~  A r g i l e s  e l  m a r n e s  
1,  > 50 t r b s  p l a s t i q u e s .  

CARAC'FI R|-S PRIKCIPAUX 

C e s  s o l s  c h a n g c n l  t o t a l e -  
m e n t  d e  c o n s l s t a n c e  p o u r  
d e  f a i b l e s  v a r i a t i o n s  d e  
w o u  p o u r  d e  fa~b les  va -  
r i a t i o n s  d e  c o m p a e i t ~  st  
w e s t  p r o c h e  d e  w , .  

Le l e m p s  d e  r d a c t l o n  a u x  
v a r i a t i o n s  d e  r c n v i r o n n e -  
m e n t  h y d r i q u e  e l  c l i m a -  
t i q u e  e s l  r c l a t i v e m e n t  
c o u r t ,  m a t s  la  p e r m d a b i -  
l i t d  p o u v a n t  v a r l e t  d a n s  
d e  l a r g e s  l i m i t e s  s c i o n  l a  
g r a n u l o m d t r i e  e l  la  p l a s -  
t ic i tY,  ce  t e m p s  d e  rEac-  
t i o n  p e u t  a u s s i  v a r l e r  
l a r g e m e n t .  

L e s  r n o i n s  p l a s t i q u e s  d e  
c e s  s o l s  one  u n  compor- 
t e m e n t  m d c a n i q u e  p a t t i -  
c u l l e r  ( p o s s i b i l i t E  d e  r u p -  
t u r e  f r a g i l e  : f i s s u r a t i o n ) .  

Le  c a r a c t b r e  m o y e n  d e s  
s o l s  d e  c e l t e  s o u s - c ] a s s e  
f a i l  q u ' i l s  se  p r E t e n t  /~ 
I ' e m p l o i  d e  l a  p l u s  l a r g e  
g a m m e  d ' o u t i l s  d e  t e r -  
r a s s e m e n l  (s t  la  t e n e u r  
e n  e a u  n ' e s t  p a s  I r o p  Ele- 
vEe) et  d ' e s s a i s  d e  l a b o -  
r a t o i r e  e t  d e  c h a n t i e r .  

C e s  s o l s  s o n t  t ~ s  c o h 6 -  
r e n t s  ~ t e n e u r  e n  e a u  
m o y e n n e  e t  f a i b l e  e t  co l -  
l a n t s  o u  g l i s s a n t s  ~ l ' d t a t  

h u m i d e ,  d'oCa d i f f i c u l t d s  
d e  r a i s e  e n  m u v r e  s u r  

; c h a n t i e r  ( e t  d e  m a n i p u -  
I l a t i o n  e n  l a b o r a t o i r e ) .  

L e u r  p e r m E a b i l i t d  t r / : s  r d -  
d u i t e  r e n d  t r ~ s  l e n t e s  ! 
l e u r s  v a r i a t i o n s  d e  t e n e u r  
e n  e a u  e n  p l a c e .  
U n e  a u g m e n t a t i o n  d e  te-  
n e u r  e n  e a u  a s s e z  i m p o r -  
t a n t e  e_st n E c e s s a i r e  p o u r  
c h a n g e r  n o t a b l e m e n t  i e u r  
c o n s i s t a n c e .  

C e s  s o l s  s o n t  tr /~s f o r t e -  
m e n t  c o h ~ r e n t s  eL p r e s -  
q u e  i m p e r m d a b l e s  ; s ' i l s  
c h a n g e n t  d e  t e n e u r  e n  
e a u ,  c ' e s t  e x t r E m e m e n t  
l e n t e m e n t  e t  a v e c  d ' i m -  
p o r ~ a n l s  r e t r ~ i t s  o u  g o n -  
f l e m e n t s .  

CLA%SrMFNI D'M'R|A L'tfTAT DU /~,OL 

~,~ OY}.N S D'[~VAL|IATION 
I.'I~AT 

L ' E t a t  d u  so l  es l  dd t e r -  
m i n ~  p a r  sa  t e n e u r  e n  
e a u  w .  O n  p e u t  : 

- -  m e s u r e r  w el  la  corn-  
p a r e r  ~ wo,N ; 

- -  o u  d 6 t e r m i n e r  le C B R  
i m m 6 d i a t  ; 

o u  E v a l u e r  v i s u e l l e m e n t  
la c o n s i s t a n e e  d u  m a t ~ -  
r i a u .  

L ' i n d i c e  d e  p | a s t i c i t d  e s t  
t r o p  f a i b l e  p o u r  u t i l i s e r  
l ' i n d i c e  d e  c o n s i s t a n c e .  

L ' d t a t  d u  so l  c s t  d e t e r -  
m i n e  p a r  sa  t e n e u r  e n  
e a u  w .  O n  p e u t  d v a l u e r  
I ' d t a t  d u  sol  p a r  les  
m 6 m e s  m o y e n s  q u e  p o u r  
les  s o l s  A,,  ;~ s a v o i r  : 

- -  w c o m p a r d e  /~ Wo,~. 

- -  o u  C B R  i m m d d i a t ,  

--ou E v a l u a t i o n  v i s u e l l e  
d e  la c o n s i s t a n c e ,  

a u x q u e l s  s ' a j o u t e  l ' i n d i c e  
d e  c o n s i s t a n c e  I, p o u r  le_s 
s o l s  i es  p l u s  p l a s t i q u e s  
d e  l a  s o u s - c l a s s e .  

L M t a t  d u  so l  e s t  d e t e r -  
m i n d  p a r  s a  t e n e u r  e n  
e a u  w .  

L ' d v a l u a t i o n  d e  l ' d t a t  se  
f a i l  p a r  les  m E m e s  
m o y e n s  q u e  p o u r  les  
s o l s  A,.  m a t s  p o u r  les  
s o l s  l es  p l u s  c o h E r e n t s  
d e  l a  s o u s - c l a s s e  A, ( sp i t  
p a r  p l a s t i c i t ~  ElevEe, sp i t  
p a r  w f a i b l e )  les  e s s a i s  
d o n n e n t  d e s  r d s u l l a t s  
f o r t e m e n t  d i s p e r s e s  e n  
f o n c t i o n  d u  f r a c t i o n n e -  
tne r ,d  d u  r n a l d r i a u  e l  d u  
degYd d ' h o m o g d n 6 i t d  d e  
la  t e n e u r  e n  e a u .  

Ces sols n'dlanl pas  nor- 
m a l e m e n t  u t i l i s d s .  ]es 
m o y e n s  d ' d v a l u a l i o n  d e  
l e u r  d t a t  n e  s o n t  p a s  d& 
c r i t s  ici .  

C.~,s |.~)s s 1RLI3 

A,h 

r e n e u r  ¢ n  eau  
~ l e v ~  

(h = h u m i d e ) .  

T e n e u r  en  e a u  
m o y e n n e  

[m = m o y e n n e ) .  

AtS 

reneur  el l  Cau 
f a i b i e  

(s = see/ .  

A~h 

T e n e u r  e n  e a u  
dlev~e. 

Aim 

Teneur  cn e a u  
m o y e n n e .  

A~s 

T e n e u r  en  e a u  
f a ib l e .  

A ~  

T e n e u r  e n  e a u  
~lev6e. 

A,m 

T e n e u r  e n  e a u  
m o y e n n e .  

A ~  

T e n e u r  e n  e a u  
f a ib l e .  

COMM[~'IA I ~tES 

E n  r a i s o n  d e  i a  r a p i d i t d  
d e s  v a r i a t i o n s  d e  c o n s i s -  
l a n c e  d e  c e s  s o l s ,  u n e  
c e r t a i n e  m a r g c  d e  s d c u r i l 6  
d o l t  ~ l r e  p r i s d .  O n  p e u t  
c o n s i d d r e r  e n  m o y e n n e  
q u e  w e s t  d l ev / ' e  si  : 

w :> WorH + l 
o u  C B R  < 8 

L a  m a r g e  d e  w m o y e n n e  
p o u r  c e s  so l s  e s t  r e l a t i v e -  
m e n t  f a i b l e  ; e n  m o y e n -  
Re : 
w o , ~ - - 2  < w < w o ~ .  + l 
o u  8 < C B R  < 25. 

O n  p e u t  c o n s i d d r e r  e n  
m o y e n n e  q u e  w e s t  f a i b l e  
sl : w < Worn - -  2 
o u  C B R  > 25. 

O n  p e u t  c o n s i d d r e r  e n  
m o y e n u e  q u e  w e s t  dle- 
v d e  si  : w > W o , , +  2 

o u  C B R  < 5 
o u l , <  1 

E n  m o y e n n e  si  : 
W o r n - - 2  < w < Wor. + ' 2  
o u  5 < C B R  < 15 
o u l < I , <  1 2  

E n  m o y e n n e  s i  : 
w < W o r . - - 2  

o u  C B R  > 15 
o u l ,  > 1,2 

; O n  p e u t  c o n s i d d r e r  e n  
I m o y e n n e  q u e  w e S t  d]c- 

v 6 e  si  : 'w > w o , . + 4  
o u  C B R  < 3 
o u  1, < 0,9 

L a  l e n t e u r  d e s  v a r i a t i o n s  
d e  c o n s i s t a n c e  p e r m e t  
d e  c o n s i d d r e r  c o m r n e  
m o y e n n e  u n e  g a m m e  d e  
t e n e u r  e n  e a u  r e l a t i v e -  
m e n t  l a r g e  ( p e u  d ' d v o l u -  
l i o n  d e  c o n s i s t a n e e  em 
c o u r s  d e  m l s c  e n  ~el.~- 

v r e )  ; e n  r n o y e n n e  : 

Worr4--4  < w < Wor. + 4 

o u  3 < C B R  < 15 

o u  0.9 < I ,  < 1,3 

E n  m o y e n n e  si  : 
w < Wop s -  4 

o u  C B R  > 15 

o u I o >  1,3 

T a b l e  29: C la s s i f i ca t i on  A .  F ine  soils  

D less t h a n  50 m m ;  M o r e  t h a n  35 °70 smal ler  t h a n  80 a m .  
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14.2.3.2 Sandy and gravelly soils with fines: Class B 

FRI~OU }.~! MENT 
< 8 0 ] >  2 E S  ~ . ~ c 0 . ~ a g s  
p m  m m  

Bt  S a b l e s  
!>  35 s i i t c u x .  

S a b l e s  
< [32 a r g i l c u x  
30 ( p c u  

< 35 a r g i l e u x ) .  

B~ 
5 > 2 5  

h 

12 

9~ 

G r a v e s  
s i l t e u s e s .  

> 

30 G r a v e s  
B4 a r g i l e u s e s  

tla~U 
< 25 a r g i l e u s c s L  

CARAC'f~RES PRINCIPAUX 

L e u r s  f ines  ~ tan!  e r  
p o u r c e n t a g e  l lmi ld  el  p e u  
ou p a s  p l a s t i q u c s ,  ces  so l s  
se c o m p o r t e n t  c o m m e  d e s  
sols I n s e n s i b l e s  ~ I ' e a u  

La p l a s t i c i td  de ] c u r s  
f ines  r e n d  ces  so l s  sen -  
s ib l e s  /l l ' eau .  
L e u r  t e m p s  de  r ~ a c t i o n  
aux  v a r i a t i o n s  de  l 'envi-! 
r o n n e m e n t  h y d r i q u c  el l  
c l i m a t i q u e  es t  c o u r t ,  t o u t  
en  p o u v a n t  va r i e r  a s s e z  
l a r g e m e n t  f f o n c t i o n  de  Ia 
) c rm6ab i l i td ) .  

Cf. c i - d e s s u s  II,. 

La p l a s t i c i t d  de  leurs 
f i ne s  r e n d  ces  so l s  sen -  
s ib l e s  ~ l ' eau .  

]Is s o n t  p l u s  g r a v e l e u x  
q u e  les so l s  ~ et i e u r  

[ f rac t ion  s a b l e u s e  es t  p l u s  
f a i b l e .  P o u r  c e t t e  r a i s o n  
]ils s o n t  cn  gdndra l  a s s e z  
p e r m d a b l e s  p o u r  p o u v o i r  
s ' e s s o r e r  en  ddp6 t  p rov i -  
so]re .  IIs r d a g i s s e n t  tri~s 
r a p ] d e m e n t  a u x  v a r i a -  
t m n s  dc  i ' c n v i r o r m e m e n t  
h y d r i q u e  et  c l i m a t i q u e  
h u m i d i f i c a t i o n  - d r a i n a g e ,  

s6chage ) :  

C L A S S ~ e m  D'APaks L'tTAT 

M o v E r s  I~'/.VALUATIO~ 
DE L'LPIAT CAS POSSIBLES 

V o i r  c l a s s e  D .  

LMta t  d u  so l  es t  d d t e ~  t l evde .  
m i n t  p a r  sa  i e n e u r  e n ,  

a,m 

T c n c u r  en  c a u  
m o y e n n e .  

e a u  w.  O n  p e u t  : 
-- m e s u r e r  w e t  ]a c o m -  

ou  d d t e r m i n e r  le CBR 
i m m ~ d i a t  ( s a u l  dar ts  le 
c a s  de  w fa ib le ) ,  

- -  o u  ~ v a l u e r  v i s u e l l e m c n t  
la c o n s ] s t a n c e  du  sol .  

T c n e u r  e n  cau 

V o i r  c l a s s e  D. 

DU SOL 

COMMENTAI R.C.g 

Voi r  c l a s s c  D .  

O n  p e u t  c o n s l d d r e r  en  
moyenne q u e  w ¢s l  t l e -  
v d e  ai : w > wo,~+2 

T e n c u r  c a  eau 

fa ib le .  

B.h 

T e n c u r  cn cau 
dlevde. 

L°dta t  d u  so l  e s t  dd te r -  
m i n ~  p a r  sa  t e n e u r  en  
eau w .  O n  pou t  e o m m e  B,~rn 
~our  les  so l s  ~ : 

c o m p a r e r  w ~ Wor,,, Teneur  en  e a u  
- -  o u  d d t e r m i n e r  ie C B R  m o y e n n e  
i m m d d i a t  [ s a u l  c a s  w 
fa ib le ) ,  
- -  ou  ~ v a l u c r  v i s u e l l e m e n t  B.s 
la c o n s ] s t a n c e .  T e n e u r  e n  c a r  
P o u r  les  p l u s  g r o s s i e r s  fa ib le .  
d e s  s o l s  8, o n  a t t e i n t  les 
l i m i t e s  d e s  e s s a i s  P r o c t o r  
et  C B R .  

Dar ts  le c a s  o 6  le sol  es t  
s o u s  la n a p p e ,  les  ca rac -  
t d r l s t i q u e s  de  la n a p p ¢  B,i 
s o n t  /~ p r e n d r e  en  
c o m p t e  (pos s ib i l i t d s  de  Sol i m m e r g d  
r a b a t t e m c n t  p a r  pore-  s o u s  la n a p p e  
ipage). (i = i m m e r g d ) .  

o u  C B R  < 1~ 

E n  m o y e n n e  si : 
w o , H - - I  < w < w o ~  4- 2 
o u  C B R  > 8 s a n s  6 t r e  
t r /~s  ~lev~. 

E n  m o y e n n e  sl  : 

] e  C B R  cs t  i n a d a p t ~  h 
l ' i d e n t i f i c a t i o n  de  c e s  so l s  
h t e n e u r  en  e a u  fa ib le .  

Voi r  c l a s s e  D .  

O n  p e u t  c o n s i d d r c r  en  
m o y c n n e  q u e  w e s t  t l e -  
v d e  si  : w > W o , ~ + 2  

o u  C B R  < 8 

E n  m o y e n n e  s i  : 

w ~ . - - I  < w < W o , ~ + 2  

o u  C B R  > 8 s a n s  ~ t r e  
t r ~ s  ~lev,L 

E n  m o y e n n e  si  : 

l e  C B R  e.st i n a d a p t ~  
I ' i d e n t i f i c a t i o n  de  c e s  s o l s  
h t e n e u r  e n  e a u  f a ib l e .  

O n  d i s t i n g u e  ¢'c c a s  d e  
c e l u i  de  w ~lev6e c a r  d e s  
c o n d i t i o n s  pa r t i cu l i~ : res  
d ' e x t r a c t i o n  sous l ' e a u  
p e u v e n t  s ' y  a p p l i q u e r  e l  
I > e r m e t t r e  d e s  u t i l i s a t i o n s  
i n t d r ~ s s a n t e s  (c f .  i nd i ca -  
t i o n s  r e l a t i v e s  ~ ce  c a s  
c l a n s  les  oh. a p h r e s  re]a-  
t i f s  h ] ' u t i l i s a t i o n  en  
r e m b l a i  e t  e n  c o u c h e  d e  
f o r m e ) .  

Table 30: Classification B. Sandy and gravelly soils with fines 
D less than  50 ram; Under 80 a m  fraction between 5 and 35 % 
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SOUS~CLASSE 

< 80 
~ m  I ,  

Bs 

lp < 10 

12 

35 

% B, 

I ,  > 10 

SoLS LES PLUS 
FRgOUEMMENT 
RENCONYR I'.S 

Sables 
el graves  

i res  silteux. 

Sables  
et graves  
argi leuses  

(trEs 
argileux).  

CARACT~RES PR INCIPAUX 

La p r o p o r t i o n  de f ines  et 
la fa ib le  plast ici t ,  ~ de ces 
de rn iEres  r a p p r o c h e n t  
b e a u c o u p  le c o m p o r t e -  
m e n t  de  ces  sols  de celui 
des  so ls  A,. 

L ' in f luence  des  f ines  e s t  
p r E p o n d d r a n t e  ; le corn-! 
p o r t e m e n t  du sol 6e rap- 
p r o c h e  de celui du  sol 

!fin ayan t  mEme plast ic i td  
q u e  les f ines  du  sol (dE- 
f i n i e s  p o u r  les l imi tes  
d ' A t t e r b e r g  c o m m e  Etant 
les < 400 i.tm). 

C e p e n d a n t ,  la p r e sence  
de la f r a c t i o n  s ab l euse  et 
g r a v e l e u s e  les r end  p lus  
r a p i d e m e n t  sens ib les  & 
l ' in f luence  de I 'eau,  la 
f r a c t i on  fine p l a s t ique  
( s u r  laquel le  l 'eau agit  
s u r t o u t )  d tan t  rEduite.  

CUSSEMENT D'AI'R~S L'Le'TAT DU SOL 

MOYENS D'I~VALUA'/ION 
mz L'grAt 

Voir  classe #,1. 

L',~tat du  sol est  dEter-  
m i n t  p a r  sa t eneur  en  
eau w, /t laquelle peut  
s ' a j o u t e r  Eventuel lement  
la densitE ou  la cohes ion  
en place p o u r  les p lus  
p las t iques .  

L'Etat peut  ,:tre EvaluE 
)a t  les mEmes  m o y e n s  

que p o u r  les sols f ins,  
savoi r  : 

w compar~e  ~ Wor,~, 

ou CBR imm~dia t .  

ou  indice de eons i s t ance  
des < 400 v.m, 

ou ~valuat ion  visuelle. 

I! fau t  fa i re  des r~serves  
your les essa is  P r o c t o r  

et CBR si la f r ac t ion  
graveleuse  es t  i m p o r -  
tante .  

CAS POSSIBLES 

B,h 

Bjm 

B~s 

B,h 

T e n e u r  en  eau  
Elev~e. 

B~m 

T e n e u r  en eau 
m o y e n n e .  

B6s 

T e n e u r  e~  ca l l  
faible.  

COMMENTA1 RES 

Voir  classe #.l. 

On peut  cons idd re r  en 
m o y e n n e  que  ]a t eneur  
en  eau de ces sols  est  
Elev~e si : 

w > Worn + 2 

ou  CBR < 8 

ou  I, < I 

En m o y e n n e  si : 

W o , , - - 2  < w < Wo,~ + 2i 

ou CBR > 8 

s a n s  & r e  tr~s Elevd 

o u l  < I , < 1 2  

En  m o y e n n e  si : 

w < Wor~ ~ 2 

o u I , >  12 

Table 30: continued 
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14.2.3.3 Mixtures of  very coarse soils with finer materials: Class C 

SOh/$-CL~SSE SOLS LES PLUS 

FRI~OUEM MENT | 

I 

Arg i l e s  
Elev,~ C~ h s i lex.  

( >  ~0/,  (pas  
20 % de Arg i l e s  
s e lon  c o n d i  h m e u l i ~ r e .  
q u e  la l ion E b o u l i s .  
g r a n u -  s u r  

Iomdtr ie  D M o r a i n e s .  
es t  p lu s  p o u r  R o c h e s  

ou m o t h s  ]a a l t d r ~ e s .  
cont i -  c~ass~ A l l u v i o n s  
h u e ) .  C,) g r o s s i ~ r e s .  

Fa ib le  Arg i l e s  
( <  10 h ~t s i lex.  

20 % Arg i l e s  
se lon  C ~  /~ meul i / : r e .  

q u e  la D < i  E b o u l i s .  
g r a n u -  

l o m & r / e  250 M o r a i n e s .  
e s t  p l u s  m m  R o c h e s  

ou m o i n s  a l t d r & s .  
con t i -  
n u e ) .  A l l u v i o n s  

g r o s s i 6 r e s .  

Arg i l e s  
Fa ib l e  g s i l ex .  

( <  10~ 
20 96 ha 'g i les  
s c l o n  C3 /~ meu l i / : r e .  

q u e  la D > E b o u l i s .  

g r a n u -  2 5 0  M o r a i n e s .  
l o m 6 t r l e  m m l  
e s t  p l u s  R o c h e s  
)u m o i n s  a l t6 r~es .  

con t i -  A l l u v i o n s  
h u e ) .  g r o s s i ~ r e s .  

CA RACTI'RES PR INCIPAUX 
M OYEN-~ D'LCVALUAT]ON 

DE L'~¥A~ 

C~SSEMENT I)'APII.Izs L'L~AT DIJ SOl. 

COM M ENTA I R F-el 

l ~ r i au  ; le c o m p o r t e m e n t  
g l oba l  du sol  se  r a p p r o -  

iche d o n e  de  celui  de  
c e t l e  f r a c t i o n .  Si la gra- 
n u l o m 6 t r i e  d u  sol  e s t  
n e t t e m e n t  d i s c o n t i n u e  le 1 
t a m i s a t  k 80 p m  dol t  at~ 
t e i n d r e  e n v i r o n  20 % ; s~ 

Le p o u r c e n t a g e  de  f ines  
( <  80 I, t m )  d d f i n i s s a n t  
ee r i e  c l a s s e  c o r r e s p o n d  
au  f a i l  q u e  les  g ro s  dld- 
m e n t s  s o n t  noyc~s d a n s  la L '~ ta t  du  sol  e s i  &he r .  
f r a c t i o n  p l a s t i q u e  du  ma- 'min¢~ p a r  la l e n e u r  en  cau  

de  la f r a c t i o n  i nh t r i eu r e  
;t 20 m m  ; o n  p e u t  : 

- -  d e t e r m i n e r  le C B R  im- 
m ~ d i a t  s u r  ee r ie  f rac-  
t ion  ; 

ou  m e s u r e r  sa  t e n e u r  en  
e a u  ¢t  la c o m p a r e r  ;h 

, . m  

CAg PIISSI HI $-'S 

C,h 

Teneur  cn eau 
¢~]cv~e. 

C~m 

T c n e u r  en e a u  
m o y e n n e .  

C,s 

elle est p lus  cont inue,  c¢ wor= ; 
l a m i s a t  e s t  p l u s  fa ib le ,  iou ctvaluer v i s u c l l e m e n t  

lla c o n s i s t a n c e  du  ma td -  
Le c o m p o r t e m e n t  de  la r i au .  
f r a c t i o n  f i n e  d<tpend de  
sa  p l a s t i c i t d  (cf.  c a r a c -  
t~:res p r i n c i p a u x  de s  so l s  
de  la c l a s s e  A). 

L o r s q u e  e e s  so l s  s o n t  
d a n s  u n  ~ ta t  r e l a t i v e m e n t  

i c o m p a c t  il y a con tac l  
!enti-e les  t l d m e n t s  de  la 
f r a c t i o n  g r a n u l a i r e .  L a  
f r a c t i o n  f i n e  i n t c r v i e n t  
c e p e n d a n t  s u r  le c o m p o r .  
t e m e n t ,  n o t a m m e n t  e r  
r e n d a n t  ]e so l  p e u  per.  
mctab le  e l  e n  r d d u i s a n t  ]a 
p r o f o n d e u r  d ' a c t i o n  des  
c o m p a c t e u r s .  

L 'd ta t  d u  sol  dctpend de 
la t e n e u r  en  e a u  de  la] 
f r a c t i o n  < 20 r a m ,  m a t s  

i i  e s t  d i f f ic i le  e n  p r a t i q u e  
de  d ~ t e r m i n e r  ce t t e  te- 
n e u r  en  eau  ( v o l u m e  im- 
p o r l a n t  de  m a t & i a u  k 
m a n i p u l e r ,  r i s q u e  de  
m a n q u e  de  r e p r 6 s e n t a t i -  
vi t~ d e s  p rdh~vemen t s ) .  
C'est p o u r q u o i  a u c u n e  
v a l e u r  ch i f f r~e  ne  f i gu re  
d a n s  la c o l o n n e  , ,com-~ 
m e n t a ' i r e s  , .  

E n  p r a t i q u e  l ' ~va lua t ion  
de  la c o n s i s t a n c e  de  la 
f r a c t i o n  p l a s t i q u e  se fa i t  
~ar e x a m e n  d i r ec t  du  sol.  

L 'd t a t  d u  sol  d ~ p c n d  de  
la t e n e u r  en  eau de ]a 
f r a c t i o n  < 20 m m ,  m a i s  
il e s t  d i f f ic i le  en  p r a t i q u e  
de  d , q e r r n i n e r  eer ie  te- 
n e u r  en  e a u  ( v o l u m e  im- 
9 o r t a n t  de  m a t d r i a u  
m a n i p u l e r ,  r i s q u e  de  

i m a n q u e  de  r e p r ~ s e n t a t i -  
vit~ d e s  pr61/~vements) .  
C 'es t  p o u r q u o i  a u c u n e  
v a l e u r  c h i f f r &  ne  f igu re  
d a n s  la c o l o n n e  , com-  
m e n t a i r e s  , .  

En  p r a t i q u e  Ydvalua t ion  
de  ta c o n s i s t a n c e  de  ]a 
f r a c t i o n  p l a s t i q u e  se  fa i l  
p a r  e x a m e n  d i r ec t  du  sol. 

T e n e u r  en e a u  
fa ib le .  

c,h 

C3m 

C~ 

C~h 

C~m 

M ~ m e s  c a r a c t ~ r e s  q u e  les 
s o l s  Cj, a v e c  e n  p l u s  ]a 
p r e s e n c e  de  g r o s  ¢tld- 
m e n t s  c o n s l i t u a n t  un 
o b s t a c l e  a u  r~ga l age  des  
c o u c h e s  e l  a u  r6g lage  des  
p l a t e s - f o r m e s .  

L~s  l i m i t e s  e n t r e  le 
l e n c u r s  en  e a u  ~lcv& 
r n o y c n n e  el fa ib le  s o n  
f o n c t i o n  de  la p las t ic i t ,  
d e  la f r a c t i o n  f ine  d u  so  
( o f .  classe A). Le plu: 
s o u v e n t  on peut  consid~ 
r e r  q u e  w e s t  ¢Hev~e si 

C B R  < 3 

ou W > wop~ + 4 

L ¢  plus  s o u v e n !  si : 
3 < C B R  < 15 

OU 
w a r . - - 2  < w < Wo~. 4- 

L c  p lus souven l  si : 
C B R  > 15 

OU W .< Wor ~ - 2  

Table 31: Classification C. Mixtures o f  very coarse soils with finer materials 
D more than 50 mm;  Under  80/ma fraction more than 5 % 
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14.2.3.4 Coarse and very coarse soils: Class D 

< 

5O 

I n n l  

S ot's 4"LA~."iE 

> 
D 2 m m  

Dl 

< 3 0 %  

D2 

> 30% 

D3 

5 0 <  D < 250 

D4 

D > 2 5 0  

Sot~ LES PLUS 
F R l~O C l'.~.l M E N:'I 
XFNCONTRI~S 

Sab l e s  al lu-  
v i o n n a i r e s  

p r o p r e s .  

S a b l e s  
de  d u n e .  

G r a v e s  al lu-  
v i o n n a i r e s  

p r o p r e s .  

Sab l e s .  

G r a v e s  allu- 
v i o n n a i r e s  

p r o p r e s .  

M a l d r i a u x  
7ocheux non 

dvolut i fs. 

G r a v e s  allu- 
v i o n n a i r e s  

p r o p r e s .  

M a t d r i a u x  
r o c h e u x  non 

~volu t i f s .  

CA RAC'I ~RI:[~ PRINCIPAUX 

C~s SoI$ sonl  ~ans cohd- 
s i o n  el  perTndables .  L e u r  
g r a n u i o m d t r i e  s o u v e n t  
real  g r a d u d ¢  el de  per i l  
c a l i b r e  les  r e n d  lr~:s ~ro- 
d a b l e s  et d ' u n e  t r a f i c a -  
b i l i t ~  diff ic i le .  

Ces  so l s  s 6 n l  s a n s  cohe -  
s i on  ¢t p e r m d a b l e s .  

A p r ~ s  c o m p a c t a g e  i l s  
s o n t  d ' a u l a n t  m o i n s  dro- 
d a b l e s  e l  d ' a u t a n t  p l u s  
a p l e s  ~ s u p p o r l e r  le I t a -  
l ic  qu' i ls  sont b i e n  gra- 
duds. 

I 
Mat& - i aux  sans cohdsion 
el p e r m d a b l e s  i n a d a p l d s  
a u  m a l a x a g e  e n  r u e  d ' u n  
t r a i t e m e n t  et  p o u v a n t  po-  
s e r  d e s  p r o b l ~ m e s  d ' ex6-  
c a t i o n  de  t r a n c h d e  o u  de  
r~g lage .  

M a t d r i a u x  s a n s  c o h d s i o n  
et  p e r m d a b l e s .  P o s e n t  d e s  
) r o b N : m e s  de  r ~ g l a g e  e t  

d ' e x d c u t i o n  de  t r a n c h d e .  

CLASSrME.NT D'APRJ~.S L%-I'AT DI." 50L 

MOYENS D°i~VALUATION 
DE L'L~rAT CAS POSSIBleS CUMMENTAIRF-~ 

Table 32: Classification D. Coarse and very coarse soils 

Under 80 tan fraction less than 5 % 

14.2o3.5 Rocks  which b e c o m e  soils on working  and placing as 'engineer- 
ed fill': Class E 

Note prEliminaire 
Les matEriaux de cette classe constituent la transition entre les matE- 
riaux rocheux et les sols. lls peuvent se dEfinir par les caract~res 
suivants: 

- -  ils poss6dent b. l'Etat naturel une resistance due ~t leur structure, 
celle-ci comportant  des liaisons autres que celles due b. la prdsence 
d'argile ou ~ la capillaritE; 

- -  cette resistance, tout en &ant gdnEralement plus dlevEe que celle 
d ' un  sol, est cependant suf f i samment  faible pour ne pas rdsister/~ 
toutes les manipulations de mise en oeuvre ou aux nouvelles condi- 
tions d 'environnement  introduites par les travaux. 

Le fait de terrasser ces matEriaux entraSne des modifications de leur 
structure et, par consdquent, de leur comportement  gEotechnique; pour 
cette raison ils sont dits >>Evolutifs<<. 

L'Evolution de ces matEriaux, qui consiste en une destruction partielle 
ou totale des liaisons de structure, se fait principalement selon deux 
processus: 

- -  par action mEcanique externe (dcrasement, attrition), soit en cours 
d'exEcution des travaux sous l 'effet des engins de chantier, soit ult& 
rieurement, au sein du remblai, sous l 'effet des charges statiques ou dy- 
namiques;  

- -  par modification interne, les liaisons &ant ddtruites au sein du ma- 
tdriau par suite de diffErents ph6nom~nes tels qu 'effor ts  internes 
dus au gonflement de l'argile Eventuellement prEsente, dissolution 
du ciment cream les liaisons, ou autres phEnomEnes physico-chimi- 
ques. 

Prat iquement  deux consdquences de l'Evolution de ces matEriaux peu- 
vent &re nEfastes: 

- -  le sol resultant de cette Evolution peut avoir des caractEristiques g&)- 
techniques inadapt&s aux conditions dans lesquelles il est rEutilisE 
(sensibilitE b. t 'eau,  compactage,  propriEtEs mEcaniques nEcessaires 
b. la stabilitE des remblais, etc.); 

- -  la destruction progressive de la structure naturelle des blocs prE- 
sents dans les remblais peut entra~ner un rdarrangement du matE- 
riau et par cons6quent des tassements,  qui rEsultent soit du comble- 
ment des vides entre blocs, soit du fait que la densitE du matdriau 
produit par la destruction des blocs est plus dlev6e que celle des 
blocs eux-m~mes. 

On peut classer les roches Evolutives en fonction des carat~res princi- 
paux du sol produit par leur Evolution: 

- -  sol essentiellement non argileux fin (sensible b. l 'eau); 

- -  sol essentiellement non argileux grossier (peu ou pas sensible ~t 
l 'eau); 

- -  sol argileux. 



2 6 4  

Soos- 
CI~SSE 

El  

Mat6.  
r i aux  9. 

s t r u c t u r e  
f ine  

f rag i le  
avec  peu  

ou  pa s  
d ' a rg i l e .  

E2 

Mat& 
r i a u x  

s t r u c t u r e  
grosslY:re 

f r ag i l e  
avec  peu  

o u  p a s  
d ' a rg i l e .  

i 

SOtS LF..S PLUS 
FR f.OU EM MEN][" 
RENCONTRES 

Cra le  
(Ma td r i au  r o c h e u x  

peu c o m p a c t  
c o n t e n a n t  

p lu s  de  95 % 
de CaCOj) 

Ma td r i aux  g r d s e u x  
f ins .  loess  non  
reman.i,5, etc.  

M a t d r i a u x  g r 6 s e u x  
g r o s s i e r s ,  

~oud lngues ,  e tc .  

E3 
M a r n e s .  

M a t &  
r i a u x  Sch i s t e s .  

~vo lu t i f s  
a rg i l eux .  

CARACTI:RES PRINCIPAUX 

La c ra i e  es t  un  e m p i -  
l e m e n t  de  p a r t i c u l e s  
de  ca lc i t e  d o n t  la di- 
m e n s i o n  es t  de  I 'o rdre!  
d u  m i c r o n  9. la di- 
z a i n e  de  m i c r o n s .  Cet  
e m p i l e m e n t  c o n s t i t u e  
u n e  s t r u c t u r e  a s s e z  
f r ag i l e  d ' u n e  fo r l e  po- 
ro s i t~  ( e n v i r o n  40 %) 
et  d ' u n e  s u c c i o n  tr~:s 

i~lev, te  ( p a s  de  drai-  
n a g e  e n - d e s s o u s  de  
pF = 3). 

Les f i ne s  p r o d u i t e s l  
p a r  & r a s e m e n t  e t  at-  
t r i t i o n  p e u v e n t  & r e  
de  tr/:s f a ib les  d i m e n -  
s i o n s  (I h 10 gtm) e t  
n ' o n t  a u c u n e  p las t i -  
c i t 6 ;  e l les  se s i t u e n t  
p a r m i  les so ls  de  la 
c l a s s e  A,. 

L M v o l u t i o n  de  ces  ma -  
t d r i a u x  d o n n e  u n  sol 
p e u  o u  p a s  s e n s i b l e  9, 
i ' e a u  d u  type  B, 9. B, 
o u  D. 

L ' d v o l u t i o n  de  ees  m a -  
t d r i a u x  d o n n e  u n  sol  
a r g i l e u x  d o n t  la f r ac  -i 
t i on  f ine  e s t  d u  t y p e  
At, A, o u  dven tue l l e -  
m e n t  .~L. 

SeJon  s o n  s t a d e  d 'dvo-  
l u t i o n  le m a t d r i a u  to- 
ta l  se  r a p p r o c h e  de  ia 
c l a s s e  C, B ou  A. 

MOYENS D'I~VALUATION 
DE L 'E"I'AT 

CLASSEMENT D'APRILS L'L-"/AT DU SOL 

CAS POSS I Bt.F~ 

L'cttat d u  sol  e s t  dd- 
termin<t  p a r  sa  d e n - C r a i e !  
si t~,  sa  t e n e u r  en  e a u  ;~eu 
et s a  f r i ab i l i t& :lense 

yd < 
1,70 

CRa 

cra te  d e n s e .  

CRb 
t e n e u r  en  eau  

fa ible  ou  m o y e n n e .  

Teneur 
ell  eau 
~lev~e. 

e r e  
f r i a b i l i t d  i 

f a ib le .  

CRd 
f r i a b i l i t d  

fo r t e .  

COMMENTAI 

T~ > !.70 

La t e n e u r  en  ea u  p e u t  
en  gdndral  ~ t re  eons t -  
ddrde c o m m e  m o y e n -  
ne  o u  fa ible  si elle e s t  
i n fd r i eu re  9. 20 %. 

L a  t c n e u r  e n  e a u  p e u t  
en  g6ndral  ~ t re  cons i -  
ddr6e  c o m m e  dlev~e 
si el le  d d p a s s e  20 %. 

La  f r labi l i td  s ' app r~ -  
cie p a r  de s  e s s a i s  de  
c o m p a c t a g e  rdpdt6s  ou  
de  v i b r o b r o y a g e  [vo i r  
d o c u m e n t s  sp~c ia l i sds  
te ls  que  ]e Bulletin 
special V des Labora- 
toires des Ponts  el 
Chaussdes, La cra te  
(oct .  1973)]. 

Les  p r i n c i p e s  c i -des sus  s o n t  app l i c ab l e s ,  au  m o i n s  en  par t i e ,  au  c lasse-  
m e n t  d e s  m a t d r i a u x  E, a u t r e s  que  la craie0 l e s  v a l e u r s  n u m ~ r i q u e s  
r e t e n i r  d e v a n t  & r e  ddf in ies  p a r  u n e  d t u d e  p a r t i c u l i & e .  

E n  c o u r s  d ' d t u d e ,  

E n  c o u r s  d ' d t u d e .  

Table 33: Classification E. Rocks which become soils on working and placing as 'engineered fill' 
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14.2.3.6 Materials that are decomposible, combustible, soluble and pollutant: Class F 

S i l l  'S-('I.~SNE 

Matdriaux 
putrescibles.  

3 % <  

MO < 10 % 

MO > 10 %: 

Mat~riaux combustibles.[ 

Traces de 
sel gemme 

ou plus 
d e 2 0 %  

de £ypse. 
Matdriaux 
solubles.  0 % de 

sel gemme : 
ou moins 
de 20 % 

de gypse. 

Mat~riaux polluants.  

M/tlI~RIAI.1X I F_S I ' l  US 
I:R I',OI ' [ M  M|:NT ICF KCUNI R 1"2~ 

Terres  v6gctales. 

Vases. 

Ordures  mt~nag;:res 
insuf f i sammcnt  mnorterees. 

Dt:couvertes d ' e m p r u n t s ,  
de carri~:res... 

M6mes matdr iaux  
que ci<lessus. 

H u m u s  forest  ier. 
Ordures  retina g;.sres 

non mcmerees  

Tourbes .  

Dt~chets indus t r ie l s  de 
papeteries,  sucrer ies ,  etc. 

Stdriles houi l lers  
stockds en terri ls .  

Mat~riaux se  t r ouvan t  a u  

contact  de n a p p e s ' d e  
sel gemme  NaCi + MgC{~ 

o u  de gypse CaSO~. 

Marnes  infra o u  

supra-gypseuses .  

Ditchers industr ie ls  de ~outes 
na tures  tels que  : 

- -  boues  de ddcantatiort ,  

- -  laitiers ~ for~e ~erteur en 
soufre,  

- -  r~sidus ob t enus  a p r ~ s  en-] 
r ichissement  de minerMs,  

- -  m-~chefers contenan{ des 
subs tances  toxiques,  

- -  sables de fonderie ,  

- -  ddp6ts divers. 

OBSERVATIONS C~N f RAI J'_<; 

L'emploi  de ces mah~riaux pour  cons t i luer  des couches  de for int  
est  -~ proscr i re ,  mats leur ut i l isat ion en remblai  de h a u t e u r  fa ibk  
ou  moyenne  est possible cortformdment  aux condi t ions  de t e r r a s se  
ment  ddfinies pour  la classe granulom,.~tr{que el de plast ici td 5 
laquelle ils se ratlachertt. 

On peut am61iorer leur qualit~ g,..:otechnique (na ture  et etat) en les 
tra.ltant (a la chaux le plus f r6quemment ) ,  mats  du fail de la 
presence  des mati~res organiques ,  il peut ~trc n*3cessaire de t rai ler  
a des dosages (Hev~s. Dans Ious les cas une ~'tude technico- 
,.:conomique est done ,~ faire. 

Le d6capage de la terre v~g,.3tale sous l 'assiette des r e mb la i s  de 
moyenne  et grande hau teur  ne dolt pas ~tre syst(~matique, mats  
d~cid6 err fonetion des besoins en terre v~gdtale et de la na tu r e  
et de I'~tat du terrain naturcl  (une bonne  couver tu re  v~g6tale 
cons t i tue  une couche ant icontaminar t te  et d ra inan te  et a u g m c n t e  
la traficabilit,~ sur  un sol moul .  

Pour  les condit ions d 'ut i l isat ion de la terre  v6g(~tale en r u e  de 
I 'ertgazonnement et des plantat ions ,  se r6f6rer aux d o c u m e n t s  
spdcialis~s. 

Ces mat~riaux ne doivent ,~tre  utilis6s ni en remblai ,  ni en couche  
de fo rme en raison des t r ans fo rma t ions  b io-chimiques  qui  s 'y 
p rodu i sen t  et qui peuvent p rovoquer  t a s sements  et re t ra i ts -  
gonf lements .  Par ailleurs, ils poss~dent  en r~gle g~rt~rale de tri:s 
mauva ises  caract6rist iques m6caniques  qui ne peuvent  ,~tre am61io- 
r~es pou r  un prix actuellement ra isonnable  par  un  t r a i t e m e n t  
quelconque.  

L 'observa t ion  faite sur  le ddcapage de la terre v~g6tale res te  
cependan t  valable Iorsque sa teneur  en mat ibres  o rgan iques  ddpasse  
10 0/6. 

L ' h u m u s  forest ier  peut pallier & un manque  de terre  vdg~lale 
apr~:s crib!age et amendement  et ~tre utilis~ pou r  la p ro t ec t i on  des 
talus.  

Le carbone  restant dans  ces mat~riaux peut  s ' au to -e r t f l ammer  
Iorsqu ' i l s  sont  stockds ~ i 'air  libre darts un ~tat r e l a t ivemen t  
fo isonn& Lorsque cette au to-combust ion  est  termirt~e ils const i -  
tuen t  en g~n~ral de botts mat~riaux de remblai  et de c ouche  de 
forme.  Si un d6pft  de ces mat~r iaux  stock6s depuls  p l u s i e u r s  tools  
n 'a  dortrt~ lieu ~ aucune auto-combust ion ,  son ut i l i sa t ion en  rem- 
blai et en couche de forme est envisageable, mats  dolt Cairo I 'ob je t  
d 'urte Etude partlculi~re. Urte phase  impor t an t e  de cet te  ~ t u d e  

e s t  i ' identification des cons t i tuan t s  du d~p6t, elle peut  ~tre  gran-  
d e m e n t  facilit~e en prenant  avis aupr~s des p r o d u c t e u r s  de ces 
mat~riaux.  La deuxi~:me phase de i'~tude dolt d~finir les c o n d i t i o n s  
9articuli~res de mise en remblai  ; on peut  toutefois  d~jlt i n d i q u e r  

que  les r isques d'~volution pat" au to-combus t ion  serortt  d ' a u t a n t  
) lus  faibles que le pourcentage de r ides  d 'a i r  se ra  lui-m~me faible. 
I1 conviendra  donc de chois l r  de pr~f~rertce les terr i ls  c o m p o r t a r t t  
une  fraction fine sufflsartte el de r6aliser un  cornpactage  in tense .  

C e s  matdriaux ne doivent pas  ~tre no rma lemen t  utilis~s err r emb la i  
en ra i son  des r isques de tassement  et de pollut ion qui  p o u r r a i e n t  
rdsu l te r  d 'un lessivage provoqu~ spit pa r  les eaux de ru isse l lemer t t  
soil  pa r  des f luctuations de la nappe.  

Ces mat6riaux peuvent ~tre utilisds en remblM (mais  non  en c ouch e  
de forme)  ~tant donn~ la solubilit~ relat ivement  faible du  gypse  
darts de tels mat~riaux compactds.  ]1 conviendra  tou te fo i s  de l e s  

:protEger  des eaux de ruissellemertt et des eaux d ' in f i l t ra t ion  et de 
ne pas  les utiliser dans la par t ie  de l 'ouvrage qui peu t  Etre eni 
con tac t  avee ia frappe. 

Ces mat6riaux,  renfermant  des p rodui t s  nuis[bles pouvan t  s '~vacuer  
h o r s  du remblai par  dissolut ion ou percolat ion,  ne doivent  pas  
~tre mis en remblM dans  des condi t ions  rtormales de t e r r a s semer t t  
en ra i son  des r isques de pollut ion (des nappes  ph r~a t i ques  essen-  
t ie l lement)  qui pourralent  en r~sulter.  II peut  ~lre just i f i~  p o u r  
des mot i fs  de protection de l 'environnemert t  de cbercher  ~t o embaI -  
ler , ,  un  mat~riau polluant dans  un  remblai .  Dans ce cas.  il f au t  
e n t r e p r e n d r e  syst~mat iquement  urte dtude c o m p o r t a n t  i ' iderttifica- 
l ion p r&ise  du mat~riau apr6s in format ion  aupr~:s des p r o d u c t e u r s °  
une  analyse de l '&onomie  de l 'op~ration et si cette derni~:re e s t  

favorable  la d6finition des r~-gles particuli~res de t e r r a s s e m c n t  
qu ' i l  y aura  lieu de prescrire.  

Table 34: Classification F. Materials that are decomposible, combustible, soluble and pollutant 
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14.2.3.7 Summary of classes and subclasses 

So~s fins. 

Sols sableux 
et graveleux 
avec f ines.  

Sols c o m p o r t a n t  
des f ines et  

des  gros  dl6ments .  

Sols et roches  
insens ib les  ~ l 'eau. 

Roches  dvolutives.  

Maldr iaux  pu t resc ib les ,  
c o m b u s t i b l e s ,  solubles  

ou po l luan ts .  

D < 5 0 r a m  
Tamisa t  

h 80 ixm > 35 % 

D < 5 0 r a m  
Tamisat  h 80 ~tm 

ent re  5 el 35 % 

D > 5 0 m m  
Tamisa t  

~,80 l.tm > 5 %  

Tamisa t  
80 ~tm < 5.% 

Matdriaux ~, s t ruc ture  
fine, fragile avec 

peu ou pas  d 'argile.  

Matdriaux h s t ruc tu re  
grossii~re, fragile avec 
peu ou pas  d'argile.  

Matdr iaux dvolutifs 
argileux.  

Tamisa t  
/~ 80 lain 

de 5 h 12 % 

Tamisa t  
80 p.m 

de 12 ~ 35 % 

Tamisa t  
~a 80 lain 

faible 

D < 5 0 r a m  

I ,  < I0 

10 < Ip < 20 

2 0 <  I , < 5 0  

I , > 5 0  

ES > 35 
Rcfus  ~ 2 m m  

inf~rieur  /t 30 % 

Refus  /i 2 m m  
supdr ieur  h 30% 

ES < 35 

E S > 2 5  

E S < 2 5  

I~ < I0 

I~ > l0 

Tamisa t  ~ 80 l.tm dlevd 

D < 250 r n r n  

D > 250 m r n  

Refus  A 2 m m  i n f & i e u r  h 30% 

Refus ~t 2 m m  s u p d r i e u r  ~ 30% 

50 rnm < D - <  250 m m  

D > 250 m m  

E, 

E, 

F 

AI 

Aj 

A~ 

A4 

B~ 

8~ 

B,, 

C~ 

C~ 

C~ 

D~ 

D. 

ID. 

D. 

Table 35: Summary table 

14.3 The German Soil Classification for Engineering Purposes 

In Germany two standards are used. DIN 4022 Part l is used for the in- 
dividual designation and description of soils. DIN 18196 classifies soils 
into a limited number of groups which are similar with regard to techni- 
cal properties using precisely defined criteria. Numerous soils with dif- 

ferent designation and description can b e  co-ordinated into individual 
soil groups. 

The German standard DIN 18196 for t h e  engineering classification of 
soils is similar to approach to the French classification (14.2) and the 
British BSCS and American UCS. 
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14.3.1 DIN 4022 Part I: individual designation and description of soils 

OK 624.131.3 550.822 : 0 0 1 . 4  November 1969 

Baugrund und Grundwasser D i N 
Benennen und Beschreiben van 8odenarten und Fels 

Schichtenverzeichnis fur Untersuchungen und Bohrungen 4 0 2 2  
ohne durchgehende G e w i n n u n g  van gekern ten  Proben Blatt 1 

Subsoil and ground water; designation and description of soll types and rocky soil; list of soil courses for testing and 
boring without continious gaining of core trials 

Inhait 

Seite Seite 

1. Gel tungsberakh 1 8.3.1. Salzsaureversuch 5 
. 8.3.2. Riechversuch . . . . . . . . . . . . . . . .  5 

2. Hinweis auf wel fare Norman 1 8.3.3. Ausquetscflversu~ . . . . . . .  5 

3. Zweck 2 9. Varfahren zum ~rkennen 
- 4. Formbl~ttar 2 des Bodenzustands (Konsls~'anz) . . . . . .  5 

5. Ausffi l lan t ier Formb|f i f ler 2 10. Verfahran zum Beschreiben van Feis . 5 
10.1. Visuelle Verfahren 5 

6. Banannung dar Bodanartan 2 10.1.1. Bestimmung der g6rnigkeit 5 
6.1. Anorganische (minerolische) Bodenarten .. , 2 10.1.2. Bestimmung der Korngr613e 6 
6.1.1. Reine 8odenarten 2 10.1.3. 8estimmung der RaumausfiJIlung 
6.1.2. Zusammengesetzte Bodenarten . 2 (Porosit6t) 6 
6.2. Organische Bodenarten 3 10.1.4. Farbansprache 6 

10.2. Manuelle Verfahren 6 
7. Benennung van Fels 3 10.2.1. Ritz- oder Schneldeversuch 6 

10.2.2. Versuch zur Ermlttlung der Kornblndung 
g. Verfahren zum Erkannen bzw. Festigkeit 6 

d e r  Bodenarten 3 10.2.3. Versuch zur Ermittlun~ der 
8.1. Visuelle Verfahren 3 Ver~nderlichkeit in Wasser 6 
8.1.1. Korngr6f~enansprache 3 10.3. Erg6nzendeVersuche 6 

10.3.1. Salzs~ureversuch 6 8.1.2. Farbansprache 3 
8.2. ManuelleVerfahren 4 10.3.2. Riechversuch 6 
8.2.1. Tro&enfestigkeitsversuch 4 10.3.3. Hartebestimmung der Mineralk6rner ... 6 
8.2.2. Sch~ttelversuch 4 11. Richtlinien for das Ausf011an 
8.2.3. Knetversuch 4 der einzalnen Spaiten 
8.2.4. Reibeversuch 5 des Schichtenvarzaichnisses 6 
8.2.5. Schneldeversuch 5 
8.3. Erg6nzendeVersuche 5 12. Zeichnerischa Darstellung 7 

1. Geltungsbereich 
Diese Norm gilt for die Aufstellung des Schichtenverzelch- 
nisses bel der Untersuchung des Baugrunds und der Was- 
serverh61tnlsse des Untergrunds/ in Lockergesteinen mlt 
Bohrungen ohne durchgehende Gewinnung gekernter 
Proben, unter Anwendung der nach DIN 4021 Blatt 1 (Ent- 
wurf Ausgabe November 1969), Tabelle 2, in Frage kom- 
menden Bohrverfahren. 
Vorgesehen ist, diese Norm durch elne weitere Norm mit 
elnem besonderen Schichtenverzeichnis for die Unter- 
suchung des Baugrunds mit Kernbohrungen in Fels und 
Lockergesteinen zu erg6nzen. 
Die Norm gilt ouch f~Jr die Aufstellung des Schichtenver- 
zelchnisses anderer Aufschl0sse, z. B. SchiJrfe. 

2. Hinweis auf weitere Norman 
Auf folgende Normen wird hingewlesen: 
DIN 1054 Baugrund; zul6ssige Belastung des Baugrunds 
DIN 4021 Blatt 1 Baugrund, Erkundung dutch SchiJrfe und 

Bohrungen sowie Entnahme van Proben; Auf- 
schli~sse im Baden (Entwurf Ausgabe Novem- 
ber 1969) 

DIN 

DIN 18121 

DIN 18122 

DIN 18 123 

DIN 18 125 

DIN 18 137 

DIN 18 196 

DIN 18300 

DIN 18 301 

4023 Baugrund- und Wasserbohrungen; zelchneri- 
sche Darstellung der Ergebnisse (z. Z. in Neu- 
bearbeitung) 
Blatt 1 Baugrund, Untersuchung yon Boden- 
proben; Bestimmung des Wassergehalts durch 
Ofentrocknung 
Blatt 1 (Vornorm) Baugrund, Untersuchung yon 
Bodenproben; Zustandsgrenzen (Konsistenz- 
grenzen); Bestimmung der F!ie6- und Ausroll- 
grenze 
(Vornorm) Baugrund, Untersuchung yon 8o- 
denproben; Korng r613enverteilung 
Blatt 1 (Vornorm) Baugrund, Untersuchung yon 
Bodenproben; Bestlmmung des Raumgewichts, 
Labormethoden 
Blatt 1 Baugrund, Bestimmung der Scherfestig- 
keff; Begriffe und grundsatzllche Versuchs- 
bedlngungen (z. Z. noch Entwurf) 
Erdbau; Bodenklassiflkatlon fi~r bautechnische 
Zwecke und Methoden zum Erkennen der Bo- 
dengruppen 
VOB Tell C: AIIgemelne Technische Vorschrif- 
ten for Bauleistungen; Erdarbeiten 
VOB Tell C: AIIgemeine Technlsche Vorschfif- 
ten for Bauleistungen; Bohrarbelten 

Fortsetzung Seite 2 bis 8 
Anlagen 1 bls 4 Seite 9 bls 12 

Fachnormenausschu6 8auwesen im Deutschen Normenausschu6 (DNA) 

Table 36: DiN 4022, Page 1 
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Seite 2 DIN 4022 Blatt I 

3. Zweck 
Diese Norm soil gew~ihrlelsten, dab erbohrte und ersch0rfte 
Bodenarten und Fels nach Art und Beschaffenheit sowie die 
Wasserverh~iltnisse einheitllch gekennzeichnet und dab die 
Bohr- und Sch0rfergebnisse in dem Schichtenverzeichnis ein- 
heltlich dargestellt warden. 
Deshalb werden Formbl/~tter') for das Kopfblatt und das 
Schichtenverzelchnls vorgeschrieben sowie Beisplele und 
Ri.chtlinien, nach denen die FormblStter auszuf011en sind. 

4. Formbl/~tter 
4.1. Die Bohr- und SchiJrfergebnisse sind in die vorgeschrie- 
benen Formbl6tter einzutragen und zwar in dos Formblatt 
for das Kopfblatt (Anlage 1) und in dasjenige for das Schich- 
tenverzeichnls (Antage 2) und gegebenenfalls in ein Fort- 
setzungsblatt for das Schichtenverzeichnis (wle Anlage 2). 
Zur Norm gehSren folgende Anlagen: 
Anlage 1 : Formblatt for das Kopfblatt (Formblatt l) 
Anlage2: Formblatt for das Schichtenverzeichnis (Form- 

blatt 2) 
und Formblatt f0r die Fortsetzung des Schlchtenver- 

zeichnlsses (Formblatt 3 - hier nicht abgedruckt, 
daes slch um das gleiche Formblatt It. Anlage 2 
handelt) 

Anlage 3: Beispiel for ein ausgef011tes Kopfblatt 
Anlage 4: Beispiel for ein ausgef011tes Schichtenverzeichnis 

4.2. Wenn bei Bohrungen, die zur Erkundung des Auf- 
baues der Lockergesteinsschichten dlenen, Fels angebohrt 
wird oder wenn die Tiefenlage des Felsuntergrunds mit sol- 
chen Bohrungen ermiltelt werden soil und dabel zur Fest- 
stellung der Beschaffenheit dieses Felsuntergrunds nur we- 
nlg in den Fels eingebohrt wlrd, sind zum Aufstellen des 
Schichtenverzelchnlsses die Formbl~tter 1 bis 3 zu verwenden. 

5. Ausf~llen der Fofmblatter 
5.1. Das Kopfblatt (Formblatt 1) dient zum Kennzeichnen 
der Bohrungen nach Ort, Nummer, Obiekt, Zeit, HShenlage, 
Zweck, Ausfi~hrungsort usw. und zum Aufzeicbnen der Lage- 
skizze auf der R0ckseite des Kopfblattes (siehe Anlage 3). 
Es ist vom Bohrunternehmer auszuf011en. 

5.1.1. Die rage des Bohrpunktes mug dutch eine besondere 
Lageskizze so genau angegeben warden, daf~ die Bohr- und 
Schurfstelle jederzeit wiedergefunden warden kann. Sie soil 
durch Eintragung des Hoch- und Rechtswertes, der aus det 
topographischen Karte mlt eingezeicflneten Planquadraten 
entnommen warden kann, festgelegt warden. 

5.1.2. Der Bohrpunkt (Ansatzpunkt der Bohrung bzw. des 
Schurfes) ist auf einen H6henpunkt, am boston auf NN, ein- 
zumessen. Bei Bohrungen in Baugruben, Brunnensch~chten 
odor unter Wasser ist zu beachten, daft die HShe des An- 
satzpunktes nicht immer gleich der GelandehShe ist. Der 
Unterschied zwlschen Gel~ndehShe und Ansatzpunkt ist an- 
zugeben. 

5.1.3. FOr das Festlegen der absoluten Lage, GelandehShe 
der Bohrung sowie ihrer Bezeichnung ist der Auftraggeber 
verantwortlich. 

5.2. Die Formbl~ttef 2 und 3 for das Sd~ichtenverzeichnis 
sollen sicherstellen, daft die Eintragungen in einer bestimm- 
ten Reihenfolge und unter vollstandiger Angabe oiler wich- 
tigen Eigenschoften der Bodenarten und Fels sowie oiler 
Fes/stellungen ~ber die Wasserverh~ltnisse vorgenommen 
warden. 
Die FormbJ~tlef 2 und 3 sind yon dem Ger~tef~Jhret sofort 
an Oft und Stelle bel Entnahme und Ansprache der Proban 
vollst~ndig auszuf011en, ausgenommen hiervon s;nd die 
Fc3cher for die geologiscfle Bezeichnung, die Bezelcbnung 

der Bodengruppe nach DIN 18 196 und for  die ergOnzende 
Bemerkung zur Benennung und Beschreibung der Schicht. 
Richtlinien for das Ausfi~llen der einzelnen Spalten des 
Schichtenverzeichnisses siehe Abschnitt 11. 

6. aenennung der Bodenarten 
Es ist zu unterscheiden zwischen 

onorganischen (mineralischen) und 
organischen 

Bodenarten. 

6.1. Anorganische (minerali$che) Bodenar ten  

6.1.1. Reine Bodenarten 
FOr das Benennen der anorganischen Bodenarten wird zwi- 
schen Fein- und Grobkornbereich unterschieden. 
Oer Feinkornbereich oder das Schl~mmkorn (< 0,06 mm) 2) 
wlrd in folgende weitere Korngrc58enbereiche unterteilt: 
Feinstkorn odor Ton < 0,002 rnm 
Schluff > 0,002 bls 0,06 ~m 

Felnschluff > 0,002 bis 0,006 mm 
Mittelschluff > 0,006 bis 0,02 mm 
Grobschluff >0,02 bis 0,06 mm 

Der Grobkornbereich (> 0,06 bis 63 mm)2) oder das Sieb- 
korn wird in folgende weitere Korngr~t3enbereiche unter- 
teilt: 
Sand >0,06 bls 2 ram 

Felnsand > 0,06 bis 0,2 mm 
Mittelsand > 0,2 his 0,6 mm 
Grobsand >0,6 his 2 mm 

Kies > 2  his 63 mm 
Feinkles > 2 bls 6,3 mm 
Mittelkles >6,3 bls 20 mm 
Grobkles > 20 bis 63 mm 

Reine Bodenarten bestehen nur aus elnem Korngr88en- 
bereich und warden nach diesem benannt. 

6.1.2. Zusammengesat'zte Bodenaden 
Die melsten B6den slnd eln inniges Gemisch verschiedener 
Korngr88enberelche, wie z.B. Sand und Kies oder Schluff 
und Sand. Bei der Benennung dieser Gerniscfle ist wie folgt 
vorzugehen. 
6.1.2.1. Mit elnem Substantiv (Hauptwort) ist die Bodenort 
zu nennen, die nach Gewichtsanteilen am stSrksten vertreten 
ist odor die bestlmmenden Eigenschaften des Bodens pragt 
(Hauptanteile). 
Die Benennung nach den Gewichtsanteilen ist bei den grob- 
kSrnlgen Bodenarten angebracht, wenn der Anteil an KSr- 
nern mit Durchmesser ~ 0,06 mm weniger als 5 Gew.-% be- 
tragt. 
Die Benennung nach den b e s t i m m e n d e n  E i g e n -  
s c h a f t e n ist bei den feinkSrnigen und gemischtk6rnigen 
BSden angebracht. GemlschtkSrnige BSden enthalten 5 his 
40 Gew.-% KSrner mlt Durchmesser < 0,06 mm, feinkSrnige 
BSden mehr als 40 Gew.-% KSmer mit Durchmesser 
< 0,06 mm. 
6.1.2.2. Sind bei den grobkSrnigen Bodenarten zwel Korn- 
grSfien mit etwo gleichen Anteilen vertreten (40 bis 
60 Gew.-%), so sind die belden Substantive (HauptwSrter) 
dutch eln ,,und" zu verbinden, z. B. Kies und Sand. 
Die in einem Bodengemisdl mit geringerem Anteil (Neben- 
anteile) vorhandenen Korngr88enbereiche werden mff 

~) Die Formblatter sind auf festem Pap;or, d6nnem Durch- 
schlagpapier und Transparenlpapier einseitig bedruckt, 
im Formal DIN A4 und DIN A5 yore Beu|h-Vertrieb 
GmbH., 1 Berlin 30, Burggrafenstr. 4--7 und 5 KSIn, Fr~e- 
senplatz 16, zu beziehen. 

~) Nach DIN 66 I(X) |st dot genaue Zahlenwert 0,063. Do 
Runden zul~ssig ist, werden unterflolb def Gr6fien yon 
1 mm gerundete Warte verwendet. 
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einem bzw. mehreren Eigenschaftsw~rtern bezeichnet und 
dem Hauptwort nachgestellt, z. B. 
Kies, sandig; 
Feinkies, grobsandig; 
Grobsand, mlttelsandig, feinkiesig. 
Sind die in gerlngerem Ma6e vertretenen Anteile in beson- 
ders geringem oder besonders starkem Umfange vertrelen, 
so wird dem Eigenschaftswort dos Be~wort ,schwach" oder 
,,stark" vorangesetzt. 
Ist die K6rnungslinie bekannt, so is/ der Grad der Anteile 
zu kennzeichnen: 
als ,,schwach" be; unter 15Gew.-% 
als ,,stark" bei ~Jber 30 Gew.-% 
z.B. Kies, stark grobsandig, schwach feinsandig; 

Feinkies, mittelsandig, schwach grobsandlg. 
6.1.2.3. Die bestlmmenden Eigenschaften der fein- und ge- 
mlschtk~rnigen B~den sind veto Ton- und Schluffgehalt ab- 
h~ngig. Bei feink~rnigen B6den kann der Tongehalt, bei 
gemischtk~rnigen B6den der Ton- oder Schluffgehalt auch 
bei geringerem Gewichtsanteil dos Gepr~ge des Bodens 
bestimmen. In diesen FSIlen sind als Benennung die Haupt- 
w6rter 
Ton oder Sc~luff 
zu verwenden. Zus~tzlich sind fiJr Ton und Schluff Angaben 
0ber den Grad der Plastizlt6t nach Abschnltt 8.2.3 und 5ber 
die Konsistenz nach Abschnitt 9 zu machen. Betr6gt der Ton- 
und $chluffgehalt gemischtk6rniger B6den zusammen mehr 
als 5 Gew.-%, wird aber durch ;hn dos Verhalten des Bodens 
nicht bestimmt, so ist bel der Benennung nach Abschnlft 
6.1.2.1 oder 6.1.2.2 zu verfahren. 
Die Grobanteile werden als Eigenschaftsw6rter u.U. mit 
elnem Beiwort nach Abschnitt 6.].2.2 benannt, z. B. 
Schluff, schwach feinsandig 
Schluff, stark tonig, sandig, kleslg 
Ton, schlufftg, sandlg 

6.2. Organische 8odenarten 
Die rein organischen Bodenarten setzen slch aus Resten mehr 
oder wenig stork zersetzter Pflanzen mit Resten tierischen 
Organ&men zusammen. Je nach dem Grad der Zersetzung 
unterscheidet man ,,nicht bis m~6ig zersetzter Torf', sofern 
noch Pflanzenreste (Moos und (~hnliches) in gr66erer Menge 
erkennbar und ,,stork zersetzter Torf", sofern nur noch Iok- 
kere, im einzelnen nicht mehr erkennbare, racist dunkel ge- 
f~rbte Bestandteile vorhanden sind. Bodenarten mit nen- 
nenswertem organischen Anteil, melst yon felner ton- oder 
schluff~hnlicher Beschaffenhelt, werden als ,Mudden" be- 
zeichnet. 
Bei organischen Bodenarten mit mineralischen Anteilen wer- 
den diese durch Eigenschaftsw~rter nach Abschnltt 6.1.2.2 
zum Ausdruc~ gebracht, z. B. 
Mudde, tonig 
Mudde, stork sandig 
Torf, schwach felnsandig. 
Treten die organischen Bestandte;le als Beimengung auf, so 
werden die Eigenschaftsw~rter ,torflg" oder ,muddig" ver- 
wendet, gegebenenfoHs auch die Begriffe ,,schwach" oder 
,,stark". Es kann ouch der Sammelbegriff ,organisch" ge- 
braucht werden. 
Die humushaltige, durch~ftete, Kleinlebewesen enthaltende 
oberste Bodenschicht wird als Mutterboden bezeichnet. Rei- 
net Humus kommt ais Mufferboden nut selten vor° Gew~hn- 
lich ist der Mutterboden eine Mischung aus Humus und mine- 
ralischen Bodenarten. Diese k6nnen auf~erdem nach Ab- 
schnitt 6.1 und 8 beschrieben werden. 

7. Benennung van Fel$ 
Im Rahmen dieser Norm werden aile Festgesteine mit dem 
SammelbegHff ,,Fels" benannt. Die orts0bllche Beze|cbnung 
ist in Spalte 2 Fach f des Schidltenverzeichnisses anzugeben. 
Die Beschaffenheit wird nach Abschnitt 10 beschrleben. 

8. Verfahren zum Erkennen der Bodenarten 
Um die eine Schicht repr~sentierende Bodenart und ihre 
Eigenschaften zu beschreiben (Spalte 2 a bis e des Schich- 
tenverzeichnisses), benutzt man visuelle und manuelle Ver- 
fahren. 

8.1. Visueiie Verfahren 
Visuelle Verfahren, d.h. das Betrachten der Bodenart mit 
dem blo6en Auge, dienen dazu, die Gr6fie der einzelnen 
Kornte;fdlen, die eine 8odenort zusammensetzen, zu erken- 
nen und ihre Gewichtsprozente abzusch6tzen sowie die 
Farbe der Bodenart zu bestimmen. 

8.1.1. Korngr~Genansprao%e 
Man breitet die zu bestimmende Bodenart auf einer Unter- 
lage oder auf der Handflache aus und vergleicflt ihre Korn- 
gr6fSen entweder mit den in einer Korngruppen-Vergleichs- 
normale (Kornstufenschaulehre) in einzelnen F~dlern unter- 
gebrachten Korngr~t3enbereichen oder aber mit der Gr6f~e 
verschiedener Dinge des t~glichen Lebens. 
Dabei lessen sich nachstehende Komgr~6enbereiche unter- 
sc~eiden: 
Kieskornberelch kleiner als H~Jhnereier 

gr66er als Streichholzk~pfe 
Grobkles kleiner als H~hnereier 

gr~6er als Haseln~Jsse 
Mittelkles kleiner als Haseln[Jsse 

gr~6er als Erbsen 
Feinkies kleiner als Erbsen 

gr6fier als Streichholzk6pfe 

$andkornbereich klelner als Streichholzk6pfe his zur 
Grenze des noch mit dem blo6en Auge 
erkennbaren Kornes 

Grobsand kleiner als Streichholzk6pfe 
gr6f~er als Grie6 

Mittelsand glelch Grie6 
Feinsand kleiner als Gr;e~3, abet das Einzelkom 

noch mit dem blot3en Auge erkennbar. 
Enth~lt die Bodenart Bestandteile gr66er als H(Jhnereier, so 
werden diese als Steine bzw. BI6cke (Kopfgr~6e) bezeichnet. 
Schluffkorn und Tonkorn sind nicht mehr mlt dem blo6en 
Auge als Einzelkorn erkennbar. Zu ihrem Erkennen wendet 
man das manuelle Verfahren nach Abschnitt 8.2 an. 

8.1.2. Farbansprache 
Die wlrkliche Farbe eines Bodens laf~t sich nur an frischen 
Bruchf16chen bei vollem Tageslicht erkennen. Dazu bricht 
man eine friscfl entnommene feuchte Bodenprobe sofort nach 
dem F6rdern auseinander und gibt die Farbe bzw. die Far- 
ben an. Besonders sind Farbver~nderungen des fHschen 
Bodens unter dem Einfluf5 der Luft zu beachten und zu be- 
schreiben. 
Zur m6glichst eindeutigen Kennzeichnung der Farbe bzwo 
der Farben k6nnen Farbkarten Verwendung flnden=). 
Van besonderer Wicfltigkeit ist eine dunkle F~rbung des 
Bodens, da hlerdurch off organische Beimengungen ange- 
zeigt werden. Je dunkler eine I~odenart ist, desto hSher ist 
meist ihr organischer Anteil. Hierbei ist allerdings zu be- 
achten, da6 aus dem Grad der DunkelfSrbung allein kein 
sicherer Schlu6 auf die absolute Menge des organiscben 
Anteils zu zlehen ;st, da sich grobk~mige B6den unter dem 
Einfluf~ organischer Bestandteile lelchter verf~rben als fein- 
k6rnige B~den; auch kSnnen in relnen Mineralb6den gmue 
und schwarze Farbt6nungen dutch Mangan- oder Eisen- 
verbindungen entstehen° 

~) Siehe z.B. Obersichtskarte RAL--F2 in Verbindung mlt 
Farbregister RAL 840 HR, zu beziehen durch den Beutfl° 
Vertrieb GmbH., I h d i n  30, 8urggrafenstr 4-7 und 
5 K61n, Friesenplatz 16. 
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Einen Anhaltspunkt fiber den Humusgehalt als organischen 
Anteil vermittelt die nachstehende Zusommenstellung. 

humusarm 

schwach 
humos 

humos 

stark humos 

sehr stark 
humos 

sondige B6den 
Humus- 
gehalt Farbe 

Gew.-% 

1 deutlich 
grau 

bis 2 
tlef grau 

> 2  
bis 5 

> 5  
bls 10 
> |0 schwarz 

bis 15 

tonige B6den 
Humus- 
gehalt Farbe 

Gew.-% 

< 2 Mineral- 
> 2 farbe 

bis 5 

> 5 fief grau 
his 10 

>10  
bis 15 

sd't '~t a r z  
>15 
bis 20 

Bei Torfen gibt die Farbe einen Hinweis auf ihren Zerset- 
zungsgrad: Je dunkler ein Torf ist und je dunkler er an der  
Luft wird, desto st6rker ister im ollgemeinen zersetzt. 
Bei Mudden ist on der frisch entnommenen Probe darauf zu 
achten, ob sich unter dem EinfluB der Luft rostbraune Farb- 
16nungen bilden: dies welst auf eine Oxydation hin und ge- 
schleht vor allem bei vorher gr~nlich (meist nach Ollvgrfin 
hinneigend) gef~rbten Mudden. 
Eine grfintiche F~rbung wird durch Eisenoxydulverblndungen 
verursacht. Da diese bel Zutrilt yon Luftsauerstoff rasch oxy- 
dieren, kann slch die GsJnf6rbung nur unterhalb des Grund- 
wosserspiegels halten. Im Schwankungsbereich des Grund- 
wassers ist deshalb die Gr~nf~rbung h6ufig von Rostflecken 
oder durch eine Braunfarbung mit grauen Flecken, durch- 
setzt. 
Am verbreitetsten ist eine gelbe, braune und rote F6rbung. 
Gelbe bis braune Farbt6nungen werden dutch Eisensolze, 
braune Farbt~nungen dutch Eisenoxidhydrat und rote 
Forbt6nungen durch Eisenoxid hervorgerufen. Helle Farben 
zeigen v611ig humusfre~e Quarz- und Kalksandb6den und 
au6erdem Bleicherdeb6den, bei denen im obe~6chennahen 
Berelch die farbgebenden Bestondteile durch sauerstoff- 
reiches Niederschlagwasser im Zusammenwirken mit Humus- 
s6ure und Kohlens~ure ausgelaugt worden sind. Unter der 
Bleichzone sind die ausgelaugten Bestandteile melst wieder 
ausgeschieden und rufen eine besonders intensive rost- 
braune F~rbung des Bodens hervor. Bei Rosffarben ist h6ufig 
ouch eine Verkittung des Bodens zu beobachten. 

g.2. Manuel le Verfahren 
Manuelle Verfahren, d.h. die Anwendung einfacher Hand- 
und Fingerversuche dienen dazu, kennzeichnende Angaben 
fiber Feinkorn- und Grobkorngehalt und die Plastizit~t zu 
erhalten. 
Zu den manuellen Verfohren z~hlen nochstehende Versuche: 
a) Trodcenfestigkeltsversuch, 
b) Schfittelversuch, 
c) Knetversuch, 
d) Reibeversuch und 
e) Sdmeldeversuch. 

8 . 2 ° ' J  ° Trocken festigkeitsversuch 
Aus dem Trockenfestigkeitsversuch ergeben sich Hinwelse 
auf die Plastizit6t des Bodens und damit our dos Verhalten 
als Schluff oder Ton. 
Die Bodenprobe wird an der Luff, an der Sonne oder tm 
Ofen getro&net. Ihr Widerstand gegen Zerbr6ckeln und 
Pulverlsieren zwischen den Rngem gibt einen Hinwels auf 
die Trockenfestigkeit des ~odens, die durch Art und Menge 

des Feinkornanteils bedingt wird. Fs lassen sich dabei noch- 
stehende Festigkeiten unterscheiden: 
a) K e i n e  T r o c k e n f e s t l g k e i t ,  wenn der getrock- 

nete Boden bereits bei gerlngster Berfhrung in ein Hauf- 
werk yon Einzelk~rnern zerfallt; 

b) n i e d r l g e  T r o c k e n f e s t i g k e i t ,  wenn der ge- 
trocknete Boden bei lelchtem bis m~6igem Fingerdruck 
pulverlsiert werden kann; 

c) m i t t l e r e  T r o c k e n f e s t l g k e i t ,  wenn die ge- 
trocknete Probe erst bei Anwendung eines erheblichen 
Fingerdrucks zerbrlcht und dabei elnzelne, noch zusam- 
menh~ngende Bruchstficke bildet; 

d) h o h e T r o c k e n f e s t i g k e i t ,  wenn die getrocknete 
Probe nicht mehr durch Fingerdruck zerst~rt werden kann. 
Sie I~t3t slch ledlglich zwischen den Fingern zerbrechen. 

,| n m e r h u n g : K e i n e  T r o c J c e n / e s t i g h e l t  z o l g e n  r e l n e  Kic.~e wnd 
Sonde. Niodrige Trocken[estigkeit zeigen S~blu~e, .qrhluff-Fein- 
~snd. hzw. £rhluff-Kie~.Gemi.~che. .'~littlere Tror'ken/estigkeit 
:eigvn Ki,'s-T,,n-. .qnn,l-Ton. und S,'hlug-T,m-Gemis~he. 
H,,he /,is ~vhr holte Trockrn/estigkvir wl,ist.n Tone. T,n-Schlu~- 
isml "l',,i-?;,tn,l.Cvmis,he und Tr,i-Sdduff-Smtd-Kies-Gemisdt," 
, i l l[ .  

8.2.2. SchJ;ffelversuch 
Die Empfindlichkeit elner Bodenart gegen dos Schfitteln ist 
eine Eigenschaft, die fiJr schluffige B6den charakteristisch ist. 
Eine gen~,gend feuchte, nufgro6e Probe -- wenn zu trocken, 
vorher mlt Wasser durchgeknetet -- wlrd auf der flachen 
Hand bin- und hergeschfittelt. Tritt dabei Wasser an die 
Oberfl~che aus, so nlmmt dlese ein gl~nzendes Aussehen 
an. Dutch Fingerdruck kann man das Wasser wieder zum 
Verschwinden brlngen. Mit zunehmendem Fingerdruck zer- 
krfimelt die Probe; bei erneutem SchiJtteln flieBen die einzel- 
nen Krfimel wieder zusammen und der Versuch kann wieder- 
holt werden. 
Auf Orund der Reaktionsgeschwlndigkelt, mitder dos Was- 
set beim Sch~Jtteln und DdJcken erschelnt und verschwlndet, 
lassen sich nachstehende Unterscheidungen treffen: 
a) S c h n e [ l e  R e a k t l o n ,  wenn der beschriebeneVor- 

gang sehr rasch abl~uft; 
b) l a n g s a m e  R e a k t i o n ,  wenn sich die Wasserhaut 

.nur langsam bildet und ~ndert; 
c) k e i n e  R e a k t l o n e n ,  wenn der Schfittelversuch 

~Jberhaupt nicht anspricht. 
| n m e r k u n g :  Sehr [eine Sande, sddu[fige Feinsande. [ein- 

.sandige 5dduffe. Groh~,'hluffe uttd Ge~teittsmehle :eigen eine 
sehr sch:telle Reaktion. Tonige Sdduge. and sandig.tonige 
SrhluOe reagieren langsam, sddu/fige Tone und reine Tone 
zeigen keine Reaktion. 

8.2.3. gnehlersuch 
Dieser Versuch dient dazu, Angoben fiber die plastischen 
Eigenschaften eines Bodens zu erlangen und gibt dadurch 
ebenfalls Hinweise auf sein Verhalten als Schluff oder Ton. 
Die Probe wird so zubereitet, dof~ sie sich wie eine weiche, 
aber nicht klebrige Masse verhOlt. Auf einer glatten Ofler- 
fl~che oder ouf der Handfl6che wird die Bodenprobe zu 
dfinnen R61khen yon 3 mm Durchmesser ,'~usgerollL Aus den 
R611chen formt man wiederum einen Klumpen, den man 
erneut ausrollL Dutch das Ausrollen und Zusammenkneten 
gibt die Probe st5ndlg Wasser ab, wird immer steifer und 
zerbr6ckelt schlieGlich belm Ausrollen. Yon da an kann die 
Probe nicht mehr ausgerollt, sondern h6chstens noch gekne- 
let werden. 
Aus der M6glichkeit, die R611chen wiederum zu elnem Klum- 
pen zu formen und ihn so lange zu kneten, bis er zerkrfimelt, 
lassen sich nachstehende Unterscheidungen treffen: 
a) L e i c h | e  P l a s t i z i t ~ t ,  wenn au$ den R~llchen kein 

zusammenh6ngender Klumpen mehr gebildet werden 
kann; 
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DK 624.131.2 

Erdbau 
Bodenklassifikation for bautechnisahe Zwecke 

und Methoden zum Erkennen yon Bodengruppen 
i i  i i 

Earthwork; soil-classlficatlon for civil engineering purposes and methods for identification of soil-groups 

Juni 1970 

DIN 

18196 

lnhalt 
Soite Selte 

| .  Ge| tungsbere ich  1 4.1. Kennbuchstab.en fi]r die Hauptbestandteile 
und Nebenbestandteile 4 

2. Zweck  1 4.2. Kennbud~staben fi}r kennzeichnende 
. bodenphysikalisahe Eigenschaflen 4 

" 3 .  G r u n d l a g e n  d e r  B o d e n k l a s s i f i k a t i o n  1 . . . . . . . . . .  
3.1. KorngrSf~enbereiche 1 5. [ i n t e i l u n g  der  Bodenar ten  

" 3.2. KorngrSf~enverteilung 1 in B o d e n g r u p p e n  . . . . . . . . . . . . . . . . . . . . . . .  4 . 
3.3. Plastische Eigenschaften 3 6. Ve r fah ren  z u m  [ r k e n n e n  

_ d e r  B o d e n g r u p p e n  . .. 4 
" 3.4. Organlsche Beimengungen 3 . . . . . . . . . . . . . . . . . . . .  

6.1. Laborversuche 4 
4. i (urzze ichen t ier  B o d e n g r u p p e n  4 6.2. Feldversuche 4 

1. Geltungsbereich 
Die Norm gilt fur den Erdbau. 
F(Jr die einheitliche Benennung und Beschreibung yon Bo- 
denarten und Fels bei Baugrunduntersuchungen dutch 
SchOrfe und Bohrungen siehe DIN 4022 Btatt 1. 
FUr die Einteilung der Bodenarten und Fels nach ihrer Ge- 
winnbarkeit (18sen, laden, fSrdern) siehe DIN 18 380. 

2. Zweck 
Diese Bodenklassifikatlon ist aufgestellt, um die Boden- 
arten (Loakergesteine) fLir bautechnisd~e Zwecke in Orup- 
pen mit annSh~nd gleichem stoffllchen Aufbau und 
ahnlichen bodenphysikalischen Eigenschaften zusammen- 
zufassen. Innerhalb einer Klassifikationsgruppe kann die 
jeweillge Beschaffenheit -- insbesondere der gemischtk~r- 
nlgen und bindigen Bodenarten - je nach Wassergehalt 
oder Lagerungsdichte unterschledfich sein. 
Die Norm enth,~lt die Orundlagen der Klassifikation und 
die Bestimmungsverfahren zur Einordnung der Bodenarten 
in Oruppen. 

3. Grundlagen der Bodenklassifikation 
Die Einordnung einer Bodenart in Bodengruppen wlrd in 
dieser Norm allein nach der stofflichen Zusammensetzung 
und unabhSngig vom Wassergehalt und der Dichte des 
Bodens vorgenommen. Sic hangt im wesentlichen yon 
nachstehenden Merkmalen ab: 
a) KorngrSfienbereiche, 
b) KorngrqSBenverteilung0 
c) plastische Eigensa~aften, 
d) organlsche Bestandteile. 

1) Nach DIN 66 100 ist der genaue Zahlenwert 0,063. Da 
Rundungen zulSsslg sind, werden unterhalb der Korn- 
grSf~e yon 1 mm gerundete Werte verwendel'. 

3.1. Ko rng r6Benbere l che  

Jede Bodenart ist ein Gemisch yon Einzelbestandteilen 
unterscfliedlicher Korngr6Ben, die nach DIN 4022 Blatt 1 in 
nachstehende KorngrSf~enbereiche eingeteilt sind: 

Feinstkorn oder Ton < 0,002 mm 
Schluff >0,002 bis 0,06 ram1) 
Sand >0,06')  bis 2 mm 
Kies > 2 bis 63 mm 
Steine und BIScke > 63 mm 

Bel der Bodenklassifikation wird bei Schluff und Ton nicht 
mehr nach den Korngr88en unterschieden, da typische phy- 
slkalische Eigensdlaflen und die bautechnlsche Kennzeich- 
nung dieser Bodengruppen nicht allein yon der KorngrS8e 
bestimmt werden. 

Die organischen Bestandteile einer Bodenart haben kelne 
spezifische Korngr88e. 

3.2. KorngrSBenver l 'e i lung  
Die Korngr6f~enverteilung (K6rnungsaufbau) gibt Auskunft 
~Jber die Gewichtsanteile der verschiedenen Korngr~f~en- 
bereiche in einer Bodenart. Be; der Klassifikation der grob- 
k~rnigen B~den unterscheidet man 

a) w e i t g e s t u f t e  K o r n g r S C S e n v e r t e i l u n g ,  

b) e n g g e s t u f t e  K o r n g r ~ S B e n v e r t e i l u n g ,  

c) i n t e r m i t t l e r e n d  g e s t u f t e  
K o r n g r S B e n v e r t e i l u n g .  

Hierbei ist for den Verlauf der KSrnungslinie neben der 
UngleichfSrmigkeitszahl U die Kr0mmungszahl C e yon 
Bedeutung. Die UngleichfSrmigkeltszahl U ist ein Maf~ fiJr 
die Steilheit der K~rnungsllnie im Berelch yon dl0 bis d60, 
w~hrend die Kr(]mmungszahl C c auf den Verlauf der KSr- 
nungslinie in diesem Bereich hinweist. 

Fortsetzung Seite 2 bis 7 

Facflnormenausschut3 Bauwesen im Deutsa%en Normenausschuf~ (DNA) 
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Tabelle 1o Bodenklassiftzierung; Oruppeneintei lung der B~den for 
bautechnisdle Zwecke (Klasllfikat~on der Lockergestelne) 

1 ~ 3 4 [ 5 
Definition und Bezeichnung 

~. Komgr~ffen- 
n anteile in .= 

Gew.-% 
O. 

-I- :~ 0,06 > 2  
mm mm 

"13 
,0 

g 

~0 

0 

0 

<5 

<4O 

Gruppen 

enggestufte Kiese 

weitgestuffe Kies- 
.~ Sand-Gemische 

Intermittierend gestuffe 
Kies-Sand-Gemische 

enggestufte Sande 

O u~ weitgestufte Sand- 
Kies-Gemische 

.42 ,.-E 

GE 

GW 

GI 

SE 

SW 

intermittlerend gestufte SI 
Sand-Kies-Gemische 

5 bis 15 Gew.-% <: 0,06 mm GU 

e- 

"ID 
10  

E 

O 

5 
bls 
40 

>~0 

~ 15 bis 40 Gew.-% < 0,06 mm GO ~20 

5 his 15 Gew.-% <0,06 mm GT 

E GT • 15 bis 40 Gew.-% ~ 0,06 mm 

5 bis | 5 Gew.-% ~ 0,06 mm SU 

5 his 15 Gew.-N < 0,06 mm ST 

~ ' ~  15 bls 40 Gew.-% ~ 0,06 mm 
~ o  

ST 

6 7 

Erkennungsmerkmale 

steile K6mungslinie infolge 
Vorherrschens eines 
Korngr6ffenbereichs 

Ober mehrere Komgr6fen- 
bereiche kontinuiedich 
verlaufende K6mungslinie 

treppenartlg vedaufende 
K6rnungsllnie infolge 
Fehlen$ elnes oder mehrerer 
Korngr66enbereiche 

steile K6rnungsllnie infolge 
Vorherrsdlens elnes 
Komgr66enbereiches 

~ber mehrere 
KorngrSfSenbereiche 
kontinuierlich vedaufende 
K~rnungslinie 

treppenartlg verlaufende 
K6rnungslinie infolge 
Fehlens eines oder mehrerer 
Korngr~fienbereiche 

welt oder intermittlerend 
gestufte K~rnungsllnie 
Feinkornanteil ist schluffig 

welt oder intermittierend 
gestufte KSrnungslinie 
Feinkornanteil ist tonig 

wait oder intermittierend 
gestuffe K6rnungslinie 
Feinkornanteil ist schlufflg 

weir oder intermittierend 
gestufte KSrnungslinie 
Feinkornanteil ist tonig 

Beispleie 

Fluff- und 
Strandkles 
Terrassen- 
so, otter 
Moranenkies 
vulkanische 
Schladce 
und Asche 

D~nen- und 
Flugsand 
Tolsand (Ber- 
liner Sand) 
Bec~ensand 
Tertiarsand 

MorSnensand 
Terrassensand 
Strandsand 

Verwifferungs- 
kies 
Hongschufi 
lehmiger Kies 
Geschiebelehm 

Floflsand 

Auelehm 
SandlSss 

lehmiger Sand 
Scblelchsand 

Geschiebelehm 
Gescbiebe- 
mergel 

Tab]e 37: continued 
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Fortsetzung Tabeile 1 

1 2 I 3 
I , 15 

Definition und Bezelchnung 

~0 

-~ 
=O 

>40 

[ag~ 
zuf 

A-I.inie 
(siehe 
Bild 4) 

Gruppen 

Gew.-% 
oder unter- 
halb der 
A-Linie 

wf~ :> 7 
Gew.-% 
und ober- 

halb der 
A-Linie 

-6 
c E  

wit In ' i  
Gew.- ~ = 

le l~t  plastische <35 UL 
Schluffe 

"6 mittelplastlsche 35 
u~ Schluffe his UM 

50 

lelc~t plastisd~e ~ 35 TL 
Tone 

35 
m~ttelplasttsc~e bis TM 

1- Tone 
50 

ausgepr.~gt plastisa~e 
Tone > 50 TA 

• =I wta :>7 
Gew.-% 

>40 und unter- 
halb der 
A-Linie 

e , . , _  

o ' 2  - - - -  
~ 'o  "6"5 

~ <~0 " ~ ' ~ '  
~ o  

E 

Sa~!uff:e mit organlschen 35 
Belmengungen und bis 
organogene ~) Schlu~Te 50 

Tone mlt organlsahen 
Beimengungen und 
organogene ') Tone 

OU 

>50 OT 

grob- bis gemlsahtk6rnlge BSden 
mit Beimengungen humoser Art OH 

grob- bis gemischtk8rnige BSden 
mitkalkigen,kieseligenBildungen OK 

"O 

o 

"E 
a 

o 

O~ 

.< 

..O 

O 

e- 

_Q 

nicht bis m~Sig zersetzte Torte HN 

zersetzte Torte HZ 

Mudden (Sammelbegriff f~r Faul- 
schlamm, Gyttia, Dy, Sapropel) 

Auff(Jllung aus nat0rlichen B8den; 
ieweiliges Gruppensymbol in e~igen [ ] 
Klammern 

AuffCillung aus Fremdstoffen A 

DIN 18 196 Seite 7 

Erkennungsmerkmale 

Tro~en- 
festig- 

keit 

Beispiele 

niedrlge L88 
Hochflutlehm 

niedrige Seeton 
bis Beckens~luff 
mittlere 
mitflere Geschiebe- 
bis mergel 
hohe Bfinderton 

LSf31ehm 
Be&enton 

hohe Keuper- 
mergel 

sehr Tarras 
hohe Septarienton 

Juraton 

Seekreide 
mittlere Kieselgur 

Mutterboden 

Schli& 
hohe Klei 

Beimengungen pfianzlicher Art, 
meist dunkle FSrbung, Moder- Mutterboden 
geruch, Gl~hverlust bis 
etwa 20 Gew.-% 

Beimengungen nicht pfianz- 
licher Art, Kalksand 
meist helle Farbung, Tuffsond 
leichtes Gewicht, groSe PorositBt 

Reakfion Plastizitat 
beim helm 

Sch0ttel- Knet- 
versuch versuch 

sdmelle keine bis 
leichte 

leichte bis 
Iongsame mittlere 

keine his 
langsame leia4te 

kelne mittlere 

o u s -  

keine gepr~gte 

langsame 
his seh r  mittlere 
schnelle 

kelne aus- 
gepr~gte 

Zersetzungsgrad 
1 bis 5, faserig, 
holzreich, hellbraun 
his braun 

Zersetzungsgrad 
6 bis 10 schwarz- 
braun bis schwarz 

an Ort und 
Stelle auf- 
gewachsene 
(sedentare) 
Humus- 
bildungen 

unter Wasser abgesetzte (se- 
diment~re) Schlamme aus Pflanzen- 
resten, Kot und Mikroorganismen, 
oft yon Sand, Ton und Kalk durch- 
setzt, blauschwarz odor gr0nlich 
bis gelbbraun, gelegentlich 
dunkelgraubraun bis blauschwarz, 
federnd, weichschwammig 

Niedermoor- 
tort 
Hochmoor- 
tort 
Bruahwald- 
tort 

Mudde 
Faulsc~lamm 

M~II Schlad~e 
Bauschutt 
Industrie- 
abfall 

i) unter Mi|wirkung von Orgonlsmen gebilde/e BSden 

Table 37: cont inued 
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14.4 Soil Classification in the U.S.S.R° 

The following classifications of  soils are used in the U.S.S.R. Building 
Standards (SNIP 11-15-74). 

14.4.1 Coarse-grained soils (on the basis of grain size) 

Content by weight 

(a) very coarse gravel, > 50 % of  particles larger than 200 mm 
boulders 
coarse gravel, cobbles > 50 % of  particles largen than 10 mm 
gravel > 50 °70 of  particles larger than 2 mm 

(b) gravelly :> 25 °70 of  particles larger than 2 mm 
coarse :> 50 070 of  particles larger than 0.50 mm 
medium sand > 50 070 of  particles larger than 0.25 mm 
fine :> 75 070 of  particles larger than 0.I mm 
silty 75 070 of  particles larger than 0.I mm 

If gravelly soils contain more than 40 °7o of  sand, or more than 30 070 of 
silty-clay soil, this should be designated as a supplement to the funda- 
mental name (gravel with sand, or clay, etc.). 

14.4.2 Fine-grained soils (on the basis of  plasticity index, lp) 

Sandy silt, or silty fine sand 0.01 < Ip ~ 0.07 
Silty clay (lean clay) 0.07 < Ip < 0.17 
Clay (fat clay) Ip > 0.17 

The name is qualified as "with gravel" ,  if the content of  gravelly par- 
ticles ( >  2 ram) is 15--25 % (by weight); "gravelly",  if the content of  
gravelly particles is 25--50 %. If the content  of  gravelly particles is more 
than 50 07o, the soil is classified as a coarse-grained soil. 




