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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
ask of technical committees is to prepare International Standards. Draft Interrational Stand
the technical committees are circulated to the member bodies for voting,‘Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 182, Geotechnics, Subcommittee S
bl investigation and testing.

consists of the following parts, under the general title Geotechnical investigation and testin|
n and classification of rock:

Identification and description

Electronic exchange of data on identification and description of rock.
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Introduction

This part of ISO 14689 covers areas in the international field that were never previously standardized. It is
intended that this document presents broad good practice throughout the world and significant differences
with national documents are not anticipated. A more detailed description of rock and related to the site and
project is likely to be appropriate.

Thig document is based on international practice (see the Bibliography).

© 1SO 2003 — Al rights reserved \"


https://standardsiso.com/api/?name=7d3d4b06867ad5565d656f0bd07342dd



https://standardsiso.com/api/?name=7d3d4b06867ad5565d656f0bd07342dd

INTERNATIONAL STANDARD

ISO 14689-

1:2003(E)

Geotechnical investigation and testing — Identification and
classification of rock —

Part 1:

Identification and description

1 |Scope

Thig part of ISO 14689 relates to the identification and description of rock material and mass on the basis of
mingralogical composition, genetic aspects, structure, grain size, discontinuities and other parameters. It also
proyides rules for the description of other characteristics as well as for their designation.

Thig part of 1ISO 14689 applies to the description of rock for geotechnics and engineering geojogy in civil
engjneering. The description is carried out on cores and other samples of natural rock and on rock|masses.
Rodk mass classification systems using one or more descriptive parameters to suggest likely| rock mass
behpviour are beyond the scope of this part of ISO 14689see Bibliography).

Identification and classification of soil for engineeringspurposes is covered in ISO 14688-1 and 1SO[14688-2.

2 [Normative references

The following referenced documents_are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[710-1, Graphical symhols for use on detailed maps, plans and geological cross-sections — Part 1:
General rules of representation

ISO[710-2, Graphical-symbols for use on detailed maps, plans and geological cross-sections — Part 2:
Representation_of’sedimentary rocks

ISO|710-3,_Graphical symbols for use on detailed maps, plans and geological cross-sections — Part 3:
Representation of magmatic rocks
|SOL0-4—Graphical-symbols—for—use—on—detailed—maps—plans—and—geological—cross-sections — Part 4:
Representation of metamorphic rocks

ISO 710-5, Graphical symbols for use on detailed maps, plans and geological cross-sections — Part 5:

Representation of minerals

ISO 710-6, Graphical symbols for use on detailed maps, plans and geological cross-sections — Part 6:
Representation of contact rocks and rocks which have undergone metasomatic, pneumatolytic or
hydrothermal transformation or transformation by weathering

ISO 710-7, Graphical symbols for use on detailed maps, plans and geological cross-sections — Part 7:

Tec

©IS

tonic symbols
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE

3.1
rock

Additional terms and definitions are given in EN 12670.

a naturally occurring assemblage of minerals, consolidated, cemented, or otherwise bonded together, so as to
form material of generally greater strength or stiffness than soils

3.2
rock mass
the rock tog

3.3
rock matern
the rock wit

3.4
rock type

ether with its discontinuities and weathering profile

al
hin the framework of the discontinuities

a name in felation to a defined petrological composition, predominant grain,size and genetic origin, inclu

relevant str

NOTE (
3.5

matrix

fine grained

3.6

texture
size, shapeg
rocks

3.7
fabric
spatial arra

NOTE I
cement) con

icture and texture

Lommon examples are given in Table A.1.

, glassy or amorphous groundmass of a rock containing larger mineral grains or rock particles

and arrangement of the grains for sedimentary rocks and crystals for igneous and metamor

ngement of the constituents’(grains) in the rock

sedimentary rocks, fabric is the orientation (or lack of it) in space of the elements (discrete particles, crys
prising the rock. Thé)term is used in igneous and other crystalline rocks for the patterns produced by

uniform arrapgements of grains,/crystals and matrix.

3.8
foliation
planar arra

hgements of components like minerals in any type of rock, especially the planar structure

results from

Hing

phic

tals,
non-

that

flattening, segregation and other processes undergone by the grains in a metamorphic rock

3.9

discontinuity
surface which breaks the rock material continuity within the rock mass and that is open or may become open
under the stress applied by the engineering work

EXAMPLES

3.10
structure

Bedding plane, joint, fissure, cleavage and fault in rock mass.

pattern of discontinuities in rock masses, which subdivide the mass into individual rock blocks

© 1SO 2003 — Al rights reserved
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4 Identification and description of rock

4.1 Rock identification
The identification of rocks is based on the determination of the following:
a) genetic group:

— sedimentary: clastic, chemical, organic;

matamaornhbie:
TTCTar o pPTriTe;

— igneous: plutonic, volcanic;

b) |structure:

— bedded, foliated or massive (without sharp genetic discontinuities);
c) |grain size:

— descriptive terms (for various sizes) are given in Table A.1 in correlation to rock types;
d) |mineralogical composition:

— quartz, feldspars and related silicate minerals;

— dark coloured minerals (e.g. biotite, amphibole, pyroxene);

— clay minerals;

— carbonate minerals (e.g. calcite and delomite);

— siliceous amorphous material (e.g.glass);

— carbonaceous material (e.g: coal and graphite);

— salts (e.g. halite [rock salt]), gypsum);

— swelling minerals\(e.g. anhydrite and clay minerals)

— sulfide minerals (e.g. pyrite);

e) |void content:

—  primary voids (e.g. gas bubbles in volcanic rocks);

—~ secondary voids (e.q. solution voids).

NOTE Lithological identification of rock is necessary to appreciate the geology of an area, to correlate geological
profiles seen in boreholes or to distinguish boulders from bedrock. It is also important when rock material is required for
construction purposes. Engineering properties can only partially be inferred from the identification of rock type.

The names of the more common rock types are given in Table A.1, which presents an aid to rock identification
for engineering purposes.

Rock names are given particular combinations of features in this subclause and correct naming requires
recognition of the attributes listed. The rock shall be correctly identified within geological science.

Geological maps related to the project shall be used for the designation of rocks.

© 1SO 2003 — Al rights reserved 3
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4.2 Description of rock material

4.21 Colour

Rock material colour may be described using Colour Charts of an approved type. As an alternative, the
following simple system should be used, which serves to limit the subjectivity of an estimation. One term is
selected as required from each column (see Table 1) and combined as a colour assessment.

Examples of use are: yellow, light yellowish brown, dark reddish brown, dark brown, etc. If necessary, colour

differences can be emphasised separately by the use of terms such as spotted, dappled, mottled, streaked;
for examp| . |igh1‘ \J/nlln\l\lich brown epr\Hnr‘l with-dark brown

A colour chart provides a useful aid, particularly to improve the consistency between descriptions by-diffgrent
persons.

Table 1 — Terms for lightness, chroma and hue which may be used in combination for colour
description (examples)

Lightness Chroma Hue
Tertiary descriptor Secondary descriptor Primary descriptor
Pink
Pinkish
Red
Reddish
Yellow
Yellowish
Light Brown
Brownish
Dark Green
Greenish
Blue
Bluish
White
) Grey
Greyish
Black

4.2.2 Grajn size

A descriptiyje scheme is given in(Table A.1. Grain size refers to the average dimension of the predominant
mineral or fock fragments comprising the rock material. It is usually sufficient to estimate the size by gye,
which may|be aided by a hand lens in the assessment of fine-grained or amorphous rocks, but separate
descriptiong of the grains-and the matrix may be appropriate.

4.2.3 Matrix

The particle /Size and the mineralogical composition of the matrix shall be determined. Mineralogical
compositiorwmwuﬂmmwmam@m)

but may be amplified, as appropriate, with such standard geological terms as ferruginous, argillaceous
(containing clay minerals), quartzose and others.

4.2.4 Weathering and alteration effects

The results of weathering/alteration of rock material are given in Table 2. Any or all of the descriptive terms
can be used to describe weathering/alteration

4 © 1SO 2003 — Al rights reserved
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Table 2 — Terms to describe weathering/alteration of rock materials

Term Description
Fresh No visible sign of weathering/alteration of the rock material
Discoloured The colour of the original fresh rock material is changed and is evidence of weathering/alteration. The

particular mineral constituents, this should be mentioned.

degree of change from the original colour should be indicated. If the colour change is confined to

Disi

ntegrated The rock material is broken up by physical weathering, so that bonding between grains is lost and the

rock is weathered/altered towards the condition of a soil in which the original material fabric
intact. The rock material is friable but the mineral grains are not decomposed.

is still

Deq

omposed The rock material is weathered by the chemical alteration of the mineral grains to the condi
soil in which the original material fabric is still intact; some or all of the mineral grainscare’de

ion of a
composed.

The
disg
beirn

sligitly decomposed”.

4.2p Carbonate content

The
10 9

a)
b)
c)

It sH

4.2.6 Stability of rock material

The
ass

weathering terms given in Table 2 may be subdivided using qualifying terms;/)for examg

oloured”,
g examined. The last three terms may be used in combination, for example, “wholly discq

carbonate content is determined by the application of dropléts of dilute hydrochloric acid (
6). The following characteristics could be distinguished:

carbonate-free (O) if the addition of HCI produces no effervescence;
calcareous (+) if the addition of HCI produces clear; but not sustained, effervescence;
highly calcareous (++) if the addition of HCl\produces strong and sustained effervescence.

ould be noted that, in wet or moist rocks,.the effervescence usually occurs with some delay.

degradation of rock materialywhen it is exposed to a new water or atmospheric environmen
pssed where the relevanticonditions shall be determined (see Table 3).

Table 3 — Stability of rock material

le “partially

wholly discoloured” and “slightly discoloured”, as this will aid the (description of {he material

bloured and

HCI) (3:1 or

t should be

Term Description

Stable No changes

Fairly stable Specimen surface crumbles, slakes
Unstable Specimen disintegrates

Its behaviour when exposed to water should be described using the terms in Table 4, together with a
description of the test undertaken. Some weak rocks do not show disintegration in water straight away, but
only after being dried.

© 1SO 2003 — Al rights reserved
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Table 4 — Rock material stability in water

Term Description (after 24 h in water) Grade
Stable No changes 1
A few fissures are formed, or specimen surface crumbles sligthly 2
Fairly stable
Many fissures are formed and broken into small lumps, or specimen surface crumbles highly 3
Specimen disintegrates, or nearly the whole specimen surface crumbles 4
Unstable
The whole specimen becomes muddy, or disintegrates into sand 5
4.2.7 Undonfined compressive strength
The unconflned compressive strength of rock material can be estimated according to Table 5.
Table 5 — Field identification of the unconfined compressive strength
Term Field Identification Unconfined
compressive
strength
MPa
Extremely weak? Indented by thumbnail less than 1
Very weak Crumbles under firm blows with point of geological hammer, can be peeled by |1 to 5
a pocket knife
Weak Can be peeled by a pocket knife with difficulty, shallow indentations made by |5 to 25
firm blow with point of geological hammer
Medium strgng Cannot be scraped or peeled with a pocket knife, specimen can be fractured |25 to 50
with single firm blow of geological hammer
Strong Specimen requires more than on€ plow of geological hammer to fracture it 50 to 100
Very strong Specimen requires many blows of geological hammer to fracture it 100 to 250
Extremely sfrong Specimen can only be ¢hipped with geological hammer greater than 25(
@  Some extremely weak rocks will behave(as)soils and should be described as soils according to ISO 14688-1.
NOTE Wnconfined compressive strength cannot always be defined in the field, thus point load tests are often us€gd as
indices for strength of rock material.
Any report [describing.compressive strength tests shall mention the specimen size, the test procedure,| the
anisotropy of the specimen and its water content.
4.3 Roclr mass

4.31

General

The description of rock mass shall include:

a) types of rocks;
b) structure;

c) discontinuities;
d) weathering;

e) groundwater.
6
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4.3.2 Structure

The structure of the rock mass should be described with relation to the larger scale interrelations of geological
features and the associations between rock types in the mass.

Examples of common terms which may be used and which are defined in standard geological practice are as
follows (see Table 6).

Table 6 — Examples of terms which may be used in the description of rock mass structure

4.3.

4.3.

The
hav
may

Sedimentary — Metamorphic— lgheous
Bedded Cleaved Massive
Interbedded Foliated Flowbanded
Laminated Schistose Folded
Folded Banded Lineated
Massive Lineated
Graded Gneissose

Folded

3 Discontinuities

3.1 Introduction

tensile or shear strength across or along the surface is lower than that of the intact rock ma
b many modes of origin, for example, beddingrplanes, joints, shears, faults, cleavages or fo
occur locally in sets of relatively uniform characteristics or individually.

In addition to describing the type of dis¢ontinuities, their orientations, spacing, persistence,

ape
thei
indi
roch

4.3.

The
sho
dire
e.g.

rture and filling, and seepage characteristics, the number of sets and the rock block size re

- combination should be recorded.\ltmay often be necessary to describe large or important dig
idually. Full information on rock mass discontinuities can only be obtained from suitable expo
mass.

3.2 Measurement of)dip and dip direction

maximum declination (dip) of the mean plane of the discontinuity is measured with the cling
Lld be expressed in degrees as a two digit number, e.g. 50 (00 to 90). The azimuth of

ction) is measured in degrees counted clockwise from true north, and expressed as a three d
240 (000.t0'360). The dip direction and dip should be recorded in that order, with the three d

digi
rela

numbers separated by a slash, e.g. 240/50. The pair of numbers represents the dip
ionship between dip, strike and dip direction is given in Figure 1.

terial. They
iations and

roughness,
sulting from
continuities
sures of the

bmeter, and
he dip (dip
git number,
igit and two
vector. The
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Key

1 dip direction

2 strike

a dip direction (dip azimuth) = 240°

B dip (dip angle) = 50°

plane of discpntinuity 240/50

4.3.3.3 Discontinuity spacing and block shape

The term “g
distance bg
Table 7 and

Figure 1 — Diagram indicating, dip, dip direction and strike

Table 7 — Terms to describe bedding thickness

pacing” refers,to’/the mean or modal spacing of a set of discontinuities and is the perpendiqular
tween adjacent discontinuities. The terms to be used to describe bedding thickness are given in
discontinuity spacing in Table 8.

Torm Spacing

mm

Very thick greater than 2 000

Thick 2000 to 600

Medium 600 to 200

Thin 200 to 60

Very thin 60 to 20

Thickly laminated |20 to 6

Thinly laminated less than 6

© 1SO 2003 — Al rights reserved
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Table 8 — Terms to describe discontinuity spacing

Term Spacing

mm

Very wide greater than 2 000

Wide 2 000 to 600

Medium 600 to 200

Close 200 to 60

Very close BU 0 20

Extremely close less than 20

In d
maq

Dis
blod
Tab

The

The

ISO 14689-1:2003(E)

rilled cores, it is usually difficult to measure the true discontinuity spacing: meastréments ar¢ commonly
e along the core axis. The method of measurement shall be reported.

ontinuity spacing in three dimensions should be described with referenee to the size and sh

ks bounded by the discontinuities. For the rock block size, the following scheme should be
e9).
Table 9 — Dimensions of rock blocks
Term Average length of block sides
mm

Very large | greater than 2 000

Large 600te’2 000

Medium 200 to 600

Small 60 to 200

Very'small [less than 60
rock block shape should be.described according to the terms in Table 10.

rock block shape shall-be correlated to the spacing of discontinuities.

© 1SO 2003 — Al rights reserved
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Table 10 — Terms to describe the main rock mass structures and block shapes

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

b T b | .l 1 O <l H + + of Hal & EH HH VR |
abu I"JIVUUNOS T OUImTT AT ST T UT PaTranmC T UrSTUTTUITOTOC ST, TOUT SATTIT e

bedding planes, with other non-continuous joints; thickness
of blocks much less than length or width.

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

c) Prismatic blocks

d) Equidimensional Three dominant'sets of discontinuities (1, 2 and 3),

blocks| approximately orthogonal, with occasional irregular joints|,
giving eguidimensional blocks.
e) Rhomboidal 1 3.4 Three (ore more) dominant, mutually oblique, sets of joints
blocks| (1, 2 and 3), giving oblique-shaped, equidimensional blogks.

f)  Columpnar Several, usually more than three, sets of continuous, pargllel
blocks| joints (1, 2, 3, 4, 5) usually crossed by irregular joints; lerjgth
much greater than other dimensions.
2

4.3.3.4 Persistence of discontinuities
The linear extent of discontinuities from their inception to their termination in solid rock mass or against other

discontinuities has to be measured in metres. The size of the exposure shall be recorded and, if possible and
appropriate, measurements should be made in two or preferably three orthogonal directions.

10 © 1SO 2003 — Al rights reserved
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4.3.3.5 Roughness

The surface of discontinuities has to be described on the basis of three scales of observation:
a) small scale (several millimetres) — rough or smooth;

b) medium scale (several centimetres) — planar, stepped or undulating;

c) large scale (several metres) — wavy, curved or straight;

and using terms as indicated in Figure 2. A discontinuity surface could thus be described combining large or
medium and small scale terms to give descriptions such as “stepped smooth” or “planar rough”. For total
clarfty of description, it may be necessary to give wavelength and amplitude measurements of the |arger scale
features. Note that all “smooth” discontinuities may be slickensided. Slickensides are-strigtions on a
disqontinuity surface as a consequence of movement and pressure. Slickensided surfaces may be polished
and|reflect light.

“Sligkensided” should only be used with clear evidence of shear displacement along the discorjtinuity. The
vertjcal and horizontal scales are equal.

Rough (irregular) Smooth
1 2
Ste Dped —"A\N\W\—‘/\’“— —_—————— ]
3 4
Undlulating —— ————
5 6
Plapar
Key
1 stepped rough surface 4 undulating smooth surface
2 stepped smooth surface 5 planar rough surface
3 undulating rough surface 6 planar smooth surface

Figure 2 — Terms for discontinuity roughness (not to scale)

4.33.6 Aperture

Thel perpendiculat distance between the two surfaces of a discontinuity is referred to as the aperture. The
origjn of thesexposure, such as natural outcrop, artificial excavated surface, etc., shall be reported. The
seppration<has’to be described using the terms in Table 11.

Table 11 — Terms for the description of discontinuity aperture

Aperture size term Aperture
Very tight less than 0,1 mm
Tight 0,110 0,25 mm
Partly open 0,25 t0 0,5 mm
Open 0,510 2,5 mm
Moderately wide 2,5to0o 10 mm
Wide 1to 10 cm
Very wide 10 to 100 cm
Extremely wide greater than 1 m

© 1SO 2003 — Al rights reserved 11
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4.3.3.7 Infilling

The infilling material between discontinuity surfaces shall be identified and described (e. g. soil, minerals such
as calcite quartz, epidote, chlorite clay gouge or breccia). The shear strength of infilling and the potential for
infilling to swell shall be described, when relevant.

4.3.3.8 Seepage

Free moisture or water flow visible at individual spots or from discontinuities should be described using the
terms “moisture on rock surface” and “dripping water” respectively. If the rate of flow can be estimated or
measured then the rate of flow may be described uqing the terms givpn in Table 12

Table 12 — Terms to describe seepage rates from discontinuities

Descriptive term Rate of flow
Small 0,05t00,51/s
Medium 0,5to51/s
Large Greater than 5 I/s

4.3.4 Wedthering of the rock mass

The weathgring of the rock mass should be described in terms of the distribution and relative proportiorls of
fresh rock gnd discoloured, decomposed or disintegrated rock, and«¢he effects of weathering on discontinujties.

Weathering| eventually converts rock to a soil and the weathering profile shall be described in terms of three
basic units:|rock, rock-and-soil, soil.

To subdivide the different weathering units, a scale with" six distinct grades applicable to a profile in rogk is
given in Talple 13.

Table 13 — Scale'of weathering stages of rock mass

Term Description Grades
Fresh No visible sign of reck material weathering; perhaps slight discoloration on major 0
discontinuity surfaces.
Slightly weafhered | Discolorationvindicates weathering of rock material and discontinuity surfaces. 1
Moderately Less than/half of the rock material is decomposed or disintegrated. Fresh or discoloured 2
weathered rock-is\present either as a continuous framework or as core stones.
Highly weathered _|Moere than half of the rock material is decomposed or disintegrated. Fresh or discoloured 3
rock is present either as a discontinuous framework or as core stones.
Completely All rock material is decomposed and/or disintegrated to soil. The original mass structure 4
weathered isstittHtargety-intact:
Residual soil All rock material is converted to soil. The mass structure and material fabric are
destroyed. There is a large change in volume, but the soil has not been significantly 5
transported.

Table 13 gives a typical classification which is unlikely to apply to all rock types. More specific local
classifications may be available and can be used where they are useful and unambiguous.

In logging cores, the distribution of weathering grades of rock material may be recorded; distribution of

weathering grades of the rock mass from which the cores were obtained has to be inferred from this type of
evidence.
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Distribution of weathering grades in a rock mass may be determined by mapping natural and artificial
exposures. It should be borne in mind, however, that isolated natural exposures of rock and excavations of
limited extent are not necessarily representative of the whole rock mass.

4.3.5 Rock mass permeability

The rock mass permeability shall be measured by appropriate tests (e.g. pump test, Lugeon test).

5 Report

SyanoIs according to ISO 710-1 to ISO 710-7 shall be used to represent rocks on borehole-legends or on
engjneering geological maps.

It hgs to be clearly stated that the descriptions are based on visual and manual identification.
Thel description of any rock shall at least contain:

— |author’s name;

— | date of description;

— | details of origin of collection and handling of samples (see 1S0O.22475);

— | details on data collection in the field;

— |identification and description of rock according to this part of ISO 14689;

— | key of symbols and terms used.

If injvestigation results are recorded electronically, data should be transferred using open data transfer
sysfems, such as XML (extensible mark-up;language).
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