Technical Description of Rock Cores for Engineering Purposes
By
Don U. Deere*

Summary — Zusammenfassung — Résumé

A careful study of rodk cores from haoreholes
the nature of the in-silu rock mass, The

significant geological [eatures are those that influcnce the homogeneity of the rock mass
and include the occurences of (1) surfaces of discontinuity and (2) zones with materials
of dilferent hardnesses. Detailed observations of these fcatures should be made and recorded
on the boring logs. Complete and accurate descriptions are necessary for rock mechanics
studies and for allowing the contractor to appraise the nalure of the in-situ rock and to

plan and carry out his construction procedure.

Technische Beschreibung von Gesteinshohrkernen. Eine sorgfiltige Untersuchung von
Felshohrproben kann wertvolle Auskunft iiber die Beschallenheit von in-sitn-Felsmassen
liefern. Die wesentlichen geologischen Eigenschaften sind diejenigen, welche die Homo-
genitdt der Felsmassen beeinllussen. Sie umfassen das Vorhandensein von (1) Diskonti-
nuitilsflichen und (2) Zonen von Materialien verschiedener Hirtegrade. Diese Eigen-
schaften sollten im Detail becbachtet und im Bohrbericht verzeidhinet werden. Vollstindige
umd genaue Beschreibungen sind zur Felsmechanikforschung notwendig und um dem Aui-
tragnehmer die Abschitzung der Felsverfassung in-situ und die Planung und Auslithrung

des Bauwerkes zu ermoglichen.

Technical Description of Rock Cores.
can yicld valuable information concerning

ndage. Unc étude approfondie des carottes

La déscription technique des carottes de so
intérressants sur la nature de la masse

de sondage peut fournir des Tenseignements
rocheuse. Les importantes caracléristiques géologiques sont celles qui influencent 'homo-
pénéité du rocher. Elles comprennent: (1) Les occurences de surfuces de discontinuité ct
(2) les zones de dureté variables. Les ohservations détaillées de ces caracteristiques
devraient 8tre fnites et indiqueés dans les rapports de sondage. Les descriptions complétes
ot précises sont nécessaites pour les études de méeanique des roches et pour permettre
4 Uentrepreneur de se faire une idée de la nature du rocher “in-situ”, de préparer scs

procédés de construction et de les exécuter.

Introduction

Rock cores obtained in exploratory drilling are, at best, small and inadequale
samples of the in situ rock mass. It ist therefore with considerable apprehension that
this paper is presented under the above title because it may appear to assign undue
emphasis to the description of the cores. The author would be the first to agree
that it is the character of the rodk mass as a whole and not just the character of
a picee of intact Tock core that is of importance in rock engineering.

Valuable information concerning the rock mass, however, can be obtained by
critical examination of the cores, providing that the examiner is aware of those
geological features that are of significance. Unfortunately — at least within the
experience of the author — the Tock descriptions given on the boring logs in many
engincering and geological reports, and especially in contract documents for con-
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struction > - : .
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Emphasis is gi i i
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Discontinuities

Physical discontinuiti i
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Type of Discontinuity
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Table 1. Descriptive Terminology for Joint Spacing
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Table 2. Descriptive Terminology for Thickness of Bedding

Thickness of Beds

Descriptive Term % (E,;glish) (Metric)
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" E]’}‘%llszel:lgin of qecIIiImentary rocks may be described in term};; Uifdiﬂm fzgizﬁg
beLweeliethe hndging planes that are visible pi;mee?h of vzz:f:?efri;is i[andiig ik
i y e pr : shot
i f color or textural banding may also . o
;Juc tglr:z(:f?il;)rzdoand recorded but should be distinguished from the prominent be g
T i ir definition
1110 ict the usuage somewhat in their
rt, Duvall, and Merrill'® restric . -
[a f*m?t]:lrﬂel- A b;'le‘:;k in the continuity of a body of rock not attended by a movem
gné sidc-or the other and not oriented in a regular system.

~dip joints, 1 per 40—80 om, ete.). Oftentimes, it is also possihl
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planes. The thickness of the bedding may he given in descriptive terms. There is no
general agreement among the geologists as to the terms 1o be used and the cor-
responding thicknesses. In T'ablg 2 the author proposes descriplive terminology for
use in enginering geology. For convenicnce the same numerical values have been
used as in Tahle 1.

In deseribing the rock cores it is advised that the length of the pieces of the
core obtained in each coring run be measured and recorded (e. g., 1 pice of 20 om,
4 pieces of 10—15 em, and 25 pieces of 210 em, etc.). These lengths are a direct
Tesponse to the spacing of the joints and fractures and the thickness of the bedding.
Unfortunately, they are also influenced by the drilling method and tee
in the author’s opinion, they are of sufficient import to warrant describing.

Attitude of Discon tinuities

he plane, and the dip, the angle of

: the iz sasured normal to the strike direction.
In drill cores it is usually possible to measure the dip angle of a discontinuity to

within I or 2 degrees by means of a protractor. Such measurements should be
made and recorded for all planar features visible in the core,

It is quite another matter to determine the strike. Most drill cores arc un-
oriented so it is not possible to determine the strike direction from the cores of a
single borehole. If inclined as wel] as vertical rock cores are available, it is
theoretically possible 1o determine the strike and dip of the planar features.
However, because of the complexity of the problem when several joint sets of dif-
ferent attitudes are bresent, and because of the Possibility of changes in attitude
from one borehole to another, it is preferable to determine the strike directions
by some means other than using the drill cores (borehole photography, geologic
mapping at the surface or in inspection shafts and tunnels).

Notwithstanding the fact that the strike directions cannot he determined from
the cores, it is still worthwhile to measure the dip angles. The dip angles may be
correlated with the spacing (e. g., 20-degree dip joints, 1 per 5—10 em; 70-degree

e to note that joints
ntersect each other and have the same strike, In these cases it is apparent that one
i i b, even though the

Character of "Surfaces and Filling Materials

_The behavior in an engineering project of a rock mass trav
continuities is probably more influcnced by the character of
the type of filling material along the discontinuities than by
the discontinuities, Therefore in describing rack corey particu
be given to those observations regarding the tightness and ir
faces as well as to the kind of filling material hetw

Tightness. — The degree of tightness may be
of the terms tight or open. In the former case the
the discontinuity may he fitted together by han
oceur and the joint surfaces are in intimaje cont
unaltered rock, may he altered by discoloration, or may he severcly altered to
material of soil-like consistency; as long as the above tests holds, the term, tight,
may still be applied. Where the above test is not met, the term, open, is used and

ersed hy dis-
the joint surfaces and
the mere presence of
lar attention should
regularity of the sur-
een or along adjacent surfaces.
sufficiently represented by means
rock core pieces on either side of
d so that no visible void spaces
act. The joint surface may be fresh,

o
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are surrounded by soil-like material resulting from advanced weathering and de-
composition of the rock adjacent to the joints. Many of these conditions will become
apparent during the geological mapping; however, the extent of the conditions can
often only he determined by means of boreholes. Consequently, the rock cores

should be studied with utmost consideration being given to the detection of
significant variations in hardness.

Lithology

Lithologic Description. — The lithologic description of a rock refers to the
geologic name given to the Tock type on the basis of its mineralogical composition,
texture, and in some cases its origin. These factors form the basis for most rock
classification schemes, Such names as granite, basalt, sandstone, marble, etc., cvolve
from such schemes and are generally used and understood by the engineer and
geologist alike. Their continued nsed is certainly recommended along with deserip-
tive terms which give additional information regarding grain size, color, minor
constituents, ete.

Textural Deseription. — From the engineering point of view a textural classi-
fication system eventually may prove to be of greater value than the normal
mineralogical one. By texture, the author refers to the manner in which the con-
stituent mineral grains are arranged and bound together (the peirographer’s fabric)
rather than reference to grain-size. It is proposed that most rocks can be fitted into
one of the following three groups: interlocking texture (includes such diverse
mineralogical rock types as rock salt, limestone, dolomite, quartzite, hasalt, granite,
and other related igneous rodks); cemenfed texture {embraces the sandstones, con-
glomerates, and some limestones and tuffs); and laminated-Jolicled texture. The

latter texture includes rocks containing minerals with a preferred orientation such
as shales, slates, phyllites, schists, and gneisses; this calegory obviously would
consist of rocks with considerable anisotropy, even in hand specimens. [ is
recognized that some rocks, granite-gneiss, for instance, would be horderline cases.

Preliminary work done by the author and his students at the University of
Illinois indicates that inter-relationships among the various physical properties of
intact rock specimens are much more consistent when grouped according to the

above textural groups than when undifferentiated or grouped according Lo normal
mincralogical classilications,

Hardness

As has been pointed out by many investigators (Obert, Windes, and
Duvall'®) hardness is an elusive properly; a numerical value of hardness is as
much a function of the kind of test used as it is a malerial property. Tt is not
surprising that a number of different types of hardness tests have heen developed,
some of which measure the resistance to abrasion or scratching, and others the
resistance to penetration. The properties of ductility, toughness, strength, and
elasticity arc involved to one degree or the other in all of the tests. For laboratory
study of rodis, the scleroscope rebound hardness and some form of abrasion hard-
ness have been investigated to the greatest extent.

In the routine logging of rocdk cores it has not been the cusiom in the past (to
the author's knowledge) to check the hardness by anything other than simple means
using a knife blade or a geology pick. By such means it is possible to designale the
rods hardness by the relative terms ol soft, medium, and hard — or other similar
terms, Because these words may have different meanings in one organization than
they do in another and because the tests arc quite arhitrary, there may be con-
siderable lattitude in interpretation. Fortunately, however, in rock engineering it is
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Some Norwegian Studies
and Experiences with Swelling Materials in Rock Gouges
By
L. Bjerrum', T. L. Brekke?, J. Moum' and R. Selmer-Olsen?

With 8 Figures

Summary — Zusammenfassuug — Résumé

Studies Carried out at the Norwegian Geotechnical Institufe on Expansive Materials
in Rock Seams. In Norway construction works in rod: have increased considerably in the
last fifteen years. Canscquently fissures and crushing zones filled with clay or clay-like
materials are found. These materials may canuse difficulties during and
as they in some eases swell, in other cases being exposed to erosion.

It is demonstrated that the occurance of failures in tunmels in many cases can be
correlated with the presence of montmarillonite. Some typical case records are given. It is

further given a description of some lahoratory experiments
swelling pressures.

after construction,

concerning  swelling  and

Conclusionary the importance of recognizing  dangerous gouge and taking pre-
cautionary measures on the sile is stated.
Studien des Norwegischen Geoterhnischen TInstitu

tes an quellfihigen Materialien
in Felskliiften. In den letzten fiinfzehn

Jahren haben die Felsarheilen in Norwegen
betriichilich zugenommen. Dabei werden mit Ton oder londhnlichen Materialien gefiillte
Kliifte gefunden. Diese Matcrialien kimnen wihrend des Bauens oder 1
koiten hervorrufen, da sie in einigen Fiillen quellen, in
gen kénnen.

Diese Arbeit beschreibt, wic oft ein Zusamin
und Vorhandensein des quellenden Miner
der Praxis werden besprochen, sowohl Ver
Belrieh.

Weiter werden Lahorversuche iiber Quellung
Ergebnisse in Diagrammen aufgezeichnet,

Es wird daraus gefolgert, dafll es wichtig ist, solche sch
zuweisen und dic notwendigen MaBnahmen

nachher Schwierig-
anderen Fiillen zu Trosion nei-

enhang zwischen Verhriichen in Tunneln
als Montmorillonit existiert. Einige Deispicle ans
briiche withrend des Baues als nach mehrjghrigem

und Quellungsdruck heschrieben nnd deren

ddliche Kluftfiillungen nach-
an Ort und Stelle zu treffen.

Etudes failes par I'Institut Géotechnique Norvégien au sujet des materiaux expansifs
dans les fissures des roches. A Norvége les travanx rocher ont profité considérablement
pendent les derniéres 15 anndes. Par conséquent on a trouvé des fissures remplies d’argile
ou des materiaux ressemblants. Ces materiaux puvent provoquer des difficultés pendent
et aprés la periode de construction, car quelquesfois ils se gonflent, ot d’aulres fois ils
inclinent & 1'érosion.

Dans cet article il est démonstré qne bien souvant il existe une connexion entre des
glissements dans les tunneaux et la présence du mineral expansil montmorillonite, 11 ast
montré quelques eas conerets avee descriptions de glissements dans des tunneaux soit

! Norwegian Geotechnical Institute, Blindern-Oslo.

® Department of Genlogy at the Technical University of Norway, Trondheim.
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