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APPENDIX 13 5

PREFACE

This document was developed to satisfy the needs of the Soil Conservation
Service (SCS) in classifying and describing information on rock
materials for engineering purposes. Th e procedure is used to classify
rock for a specific engineering purpose by assessing the rock material,
rock mass, and geohydrologic properties. Performanc e assessment of the
rock is shown for five engineering purposes most commonly used
in SCS activities. Thes e are erosion resistance, excavation characteristics,
construction quality, fluid transmission and rock mass stability.

This is not a new classification system. I t uses established methods,
procedures, and tests which have previously been developed and proven
useful. Th e Unified Rock Classification System by D.A. Williamson,
US Forest Service, has been included in its entirety because it is a major
part of two performance assessment tables.

This document was originally issued in 1984. I t was twice revised in
1986 to reflect the latest data from a study on erosion resistance. Thi s
edition resulted from work done by John S. Moore, Engineering Geologist,
Northeast National Technical Center, Chester, Pennsylvania clarifying
many items and providing classification elements for rock material in
Class II in Tables 3, 4, and 5.
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DEFINITIONS

Bedrock - A general term for in-place (in-situ), usually
solid rock that is exposed at the surface of the earth or
overlain by unconsolidated material (see: Rock , and Rock
mass) .

Discrete rock particles - Discrete particles may be pieces
of rock resting in the place of origin, such as fractured,
broken, or jointed bedrock. The y may be particles that
have been moved from their place of origin, such as stream
gravel, talus, glacial boulders, or riprap. Th e median
particle size (dsg) is the size for which 50 percent of the
sample is finer or coarser by weight. Th e mean particle
diameter of a discrete rock particle too large to weigh is
assumed to be the cube root of the product of its three
dimensions of length, width, and thickness.

Durability - The resistance of rock particles to break down
due to weathering processes, hard wear, abrasion, and ero-
sion during the design life of the structure. Durabilit y
can be quantified by methods given in NEH-20, Material Spe-
cification 523, Rock for Riprap, or equivalent ASTM C-127
and ASTM C-88. Durabilit y of rock may be established by
documenting a specific case history of satisfactory dura-
bility and performance under comparable climatic condi-
tions, uses, and time of exposure.

Outcrop confidence - Knowledge of the consistency of the
lithologic character of a rock unit from one exposure to
another or to the proposed site of investigation.

Outcrop Confidence Levels

I. Hig h - Massive homogeneous rock units with large ver-
tical and lateral extent. Histor y of low tectonic stress
levels.

II. Intermediat e - Rock characteristics ar e generally
predictable but with expected lateral and vertical vari-
ability. Systemati c tectonic stress features.

III. Lo w - Extremely variable rock conditions due to
depositional processes, structural complexity, mass move-
ment or buried topography. Frequen t lateral and vertical
changes can be expected. Frequen t and variable tectonic
stress features.

Rock - A naturally occurring aggregate of one or more
minerals (e.g. , granite, shale, or marble); or a body of
undifferentiated mineral matter (e.g., obsidian); or solid
organic matterial (e.g., coal).
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Rock discontinuity - A rock mass feature characterized by a
surface of real or potential discontinuity. Examples
include extension and shear joints, bedding, banding, con-
tacts, cleavage, foliation, and faults.

Rock Mass - Rock mass is comprised of the rock, its network
of discontinuities, and its weathering profile. Th e behav-
ior of the rock mass reflects all of these components as
well as water and stress regimes, strength, durability,
and permeability, which may be largely unrelated to rock
material properties (see: descriptio n of classification
elements, under: Classification) .

Rock Quality Designation (ROD) -

Length of core pieces > 0.10m X  10 0
Length of core run

URCS - Unified Rock Classification System: A  rock classi-
fication system developed by the U.S. Forest Service that
allows a rapid preliminary assessment of rock conditions by
simple field tests that establish basic engineering proper-
ties. Element s evaluated by the URCS include: (1 ) weath-
ering, (2) strength, (3 ) discontinuities, and (4) unit
weight.

Weathering - The destructive process or group of processes
by which earth and rock materials exposed to atmospheric
agents at or near the earth's surface are changed in color,
texture, composition, density, or form, with little or no
transport of the loosened or altered material; specifi-
cally, it is the physical disintegration and chemical
decomposition of rock that produce an in-situ mantle of
disaggregated material.
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ROCK MATERIAL FIELD CLASSIFICATION PROCEDURE

SCOPE

This classification procedure is to be used for describing
rock material in support of Soil Conservation Service (SCS)
engineering activities. I t is a field classification to be
used by geotechnically trained personnel. Th e procedure
does not preclude or replace laboratory testing for spe-
cific design requirements.

INTRODUCTION

The rock material field classification procedure consists
of two primary steps: th e classification process and the
performance assessment. Th e classification process
includes (1) the identification of the ROCK UNIT and (2)
the description of the rock in terms of CLASSIFICATION ELE-
MENTS. Th e classification elements describe the physical
properties of the rock units that are most relevant to
engineering activities. Thes e elements include rock mate-
rial, rock mass, and geohydrologic properties of the rock
units.

The performance assessment includes the selection of PER-
FORMANCE OBJECTIVES related to project requirements. Roc k
performance with respect to the identified objective is
determined from the performance assessment tables.

A major component in the classification process is the Uni-
fied Rock Classification System (URCS) included in Appen-
dix I. The URCS terminology and symbols are utilized in
both the classification process and performance assessment.
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The followin g diagra m illustrate s th e procedure :

CLASSIFICATION

Identification of the
Rock Unit

Description by Classification Elements

Rock
Material Roc k Mass Geohydrologi c
Properties Propertie s Propertie s

PERFORMANCE ASSESSMEN T

Selection of Performance
Objectives

Erosion Resistance

Excavation Characteristic s

Construction Duality

Fluid Transmission

Rock Mass Stability

Performance
Assessment

-4-

(210-VI, TR-71, 2nd Ed., Feb. 1?87)



CLASSIFICATION

ROCK UNIT. A  rock unit is an identifiable roc k that is
consistent i n mineral, structural, and hydraulic character-
istics. A  rock unit can be considered essentially homogen-
eous for project analysis and for descriptive and mapping
purposes. Th e degree of homogeneity of the rock units at
the site of investigation is indicated by assignment of an
"outcrop confidence level" (see: Definitions) .

Rock units are delineated by observable and measurable
physical features. Whe n a rock unit has been established
it can be defined by classification elements and analyzed
for performance in relation to selected performance objec-
tives.

CLASSIFICATION ELEMENTS. Classificatio n elements are
objective physical properties of the rock unit that define
the characteristics o f the material. Engineerin g classi -
fication of a rock unit reflects not only the material
properties of the rock itself but the structural charac -
teristics of the rock mass in the field, and the interac-
tions between the rock and its system of discontinuities.

(1) Roc k Material Properties: Th e lithologic propertie s
of the rock that can be evaluated in hand specimen (and in
many instances, in outcrop) and thus can be subject to
meaningful inquiry in the laboratory. The y include charac-
teristics such as mineralogic composition, grain size, rock
hardness, degree of weathering, unconfined compressive
strength, porosity, unit weight, and other index proper-
ties.

(2) Roc k Mass Properties: Th e lithologic properties of
the rock that must be evaluated on a macroscopic scale in
the field. They include description of tectonic feature s
that are too large to be observed directly in their
entirety, such as regional structure, karst features, and
lineaments. Roc k mass properties include features that
cannot be sampled for laboratory analysis, such as frac-
tures, joints, and faults, bedding, schistosity, linea-
tions, as well as the lateral and vertical extent of the
rock unit.

(3) Geohydrologi c Properties: Th e lithologic properties
of the rock that affect the mode of occurrence, location,
distribution and flow characteristics of subsurface waters;
these properties may include primary and secondary poro-
sity, hydraulic conductivity, transmissivity, and other
fluid transmission characteristics.
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ROCK CLASSIFICATION PROCES S

The rock classification process involves identifying the
rock units at the site of investigation and describing
appropriate classification elements . Th e following outlin e
can be used as a guide in the process. Primar y and second-
ary levels of description are indicated. Additiona l levels
or factors may be added as required for further clarifica-
tion. Appropriat e appendixes are referred to. Se e Appen-
dix IV for an example of a completed outline.

ROCK UNIT CLASSIFICATIO N

Proj ect:
Date:
Geologist:

1. ROC K UNIT IDENTIFICATION.

The description of each rock unit should include the loca-
tion and extent of the unit in outcrop or in stratigraphic
section which, in turn, should provide an indication of
outcrop confidence level. The rock unit can be identified
either by name or alpha-numeric designation.

(a) Designation : (Vishn u schist, Rock Unit L-6, etc.)
(b) Location : (geographic , station, depth, etc.)
(c) Outcro p Confidence Level: (see : Definitions )

2. CLASSIFICATIO N ELEMENTS .

(a) Rock Material Properties; T o be determined by
examination and classification of hand specimens, core sec-
tions, drill cuttings, outcroppings, and disturbed samples,
using standard geological terminology. Typica l elements
may include:

Rock formation name: (primary , secondary). Se e
Appendix III

Mineralogy: (principal and accessory minerals, estimate
percent; type of cement; note presence of alter-
able minerals)

Texture and fabric:
Primary porosity: (free-drainin g or not)
Discrete rock particle size: (See : Definitions )
Rock hardness: (Se e NEH-8, p. 1-13)
Micro structures: (bedding , foliation, etc.)
Degree of weathering (URCS): Se e Appendix I
Estimated strength (URCS): Se e Appendix I
Unit weight (URCS): Se e Appendix I
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c (b ) Rock Mass Properties; T o be determined by geolo-
gic mapping, geophysical survey, remote imagery interpre-
tation, core sample analysis, and geomorphic evaluation.
Typical elements may include:

Discontinuities (URCS) : Se e Appendix I
Strike and dip of formation: (sho w where measured)
Joint analysis: (spacing , orientation, separation,

description of wall rock: wavy , rough, smooth, or
slickensided)

Joint tightness: (open , cemented, filled, cavernous)
Other structures: (folds , faults, unconformities, rock

unit contacts, random fractures, etc.)
Geomorphic features: (kars t topography, lava flows,

1ineaments, etc.)
Voids: (caverns , vugs, sinkholes, lava tubes, etc.:

include shape, orientation, type of filling)
Rock quality designation (RQD):
Seismic velocity:
Unified Rock Class: Se e Appendix I

(c) Geohydrologi c Properties; T o be determined by
pressure testing; water wells, observation wells, drill
holes, and/or piezometers data; review of published maps
and reports; interpretation o f rock material and rock mass
properties; dye tests. Typica l elements may include:

Primary porosity: (see : Roc k Material Properties)
Secondary porosity: (see : Roc k Material Properties)
Hydraulic conductivity: Se e Appendix II
Transmissivity: Se e Appendix II
Storativity/specific yield:
Soluble rock: (occurrenc e of limestone, gypsum, or

dolomite; also see: Roc k Material Properties)
Water table/potentiometric surface: (contou r map,

dated)
Aquifer type: (confine d or unconfined)
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PERFORMANCE ASSESSMENT

PERFORMANCE OBJECTIVES. Performanc e objectives are
selected operational elements or conditions that require an
assessment of rock material performance. Fiv e performance
objectives are considered in this Technical Release:

1. Erosio n Resistance: Evaluatio n of the rock to resist
erosion in spillways, channels, or other areas where rock
material must withstand the stress of flowing water.

2. Excavatio n Characteristics: Evaluatio n of rock excava-
tion characteristics, including the type of procedure
required (rock, common, etc.) and the fragmentation charac-
teristics and blasting response anticipated.

3. Constructio n Quality: Analysi s of rock quality for
riprap, aggregate, embankment fill, foundation, and other
construction requirements.

4. Flui d Transmission: Evaluatio n of rock unit potential
for fluid transmission through primary and secondary pores;
for investigations concerning reservoir, canal, and dam
foundation seepage losses, excavation dewatering, engineer-
ing subdrainage for slope stability, point and non-point
source pollution, ground water yield for development (water
wells, springs, aquifers, and basins), ground water
recharge or disposal, and other ground water conditions of
concern.

5. Roc k Mass Stability: Evaluatio n of rock mass stability
in relation to natural and constructed slopes, adequacy as
a foundation material, seismic effects, and other construc-
tion requirements.

The performance assessment of rock material is developed
through the following process:

1. Classificatio n of the rock unit in terms of the
CLASSIFICATION ELEMENTS.

2. Selectio n of appropriate PERFORMANCE OBJECTIVES
based upon project requirements or structure conditions .

3. Identificatio n of the levels of rock capability
and limitations using the Performance Assessment
Tables 1-5.

4. Furthe r description or amplification of the rock
capabilities and limitations as required to provide spe-
cific performance assessments in support of planning,
design, and construction o f project elements .
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PERFORMANCE ASSESSMENT TABLES

TABLE 1 • EROSION RESISTANCE

Definition: Roc k material
that wil l sustain extended
flow velocities of at least
3 m/s (10 ft/s) without sig -
nificant erosion. Mus t ful -
f i l l al l conditions below .

Definition: Roc k material
is intermediat e between
Classes I  and I I I .

Definition: Roc k material tha t
w i l l be severely eroded when
subjected t o velocities greater
than 1.2 m/s (4 ft/s). Mus t
fulfill at least one of the
conditions below .

ROCK MATERIAL PROPERTIES

Discrete rock particle
size

> 75 X of the particles have
mean diameters greater tha n
0.61 m (2. 0 ft).

> 75 % of the particles have
mean diameters les s than 0.15 m
(6.0 in).

ROCK MASS PROPERTIES

Planar orientation

Planar separation

Rock unit thickness

Rock unit attitude

Planar features are inter-^
locking (not at or near 90 )
and are not coincident
(+/- 10*) with either the
direction o f flow or the
surface gradient or both.

95 X or more of the planar
features are cemented or
less than 0.003 m (1/ 8 in)
in width.

> 0.30 m (1. 0 ft)

Horizontal o r dips upstream.

Planar features are in three 4
directions, an d at or near 90
with the direction of flow or
the surface gradient.

10X or more of the planar fea-
tures are uncemented or greater
than 0.016 m (5/ 8 in) in width.

< 0.076 m (3. 0 in)

Dips downstream >  surface
gradient.

CLASS I CLASS 1 1 CLASS 1 1 1



CLASSIFICATION ELEMENT S

TABLE 2 • EXCAVATION CHARACTERISTIC S

CLASS I I 
CLASS 1 1 1

Definition: Roc k material
that wil l require explosive
or impact procedures for
excavation. Mus t fulfil l
one or more of the conditions
below.

Definition: Roc k material is
intermediate betwee n Classes
I an d III .

Definition: Roc k materia l that
can be excavated as common ma-
terial by earthmoving or ripping
equipment (SCS Construction Spec.
No 21). Mus t fulfil l al l of the
conditions below .

ROCK MATERIA L PROPERTIE S

Discrete rock particle >  75X of the particles have
size mea n diameters greater tha n

0.9 m (3 6 in).

ROD

ROCK MASS PROPERTIES

Dip o f rock uni t

Discontinuities
(URCS)

Rock unit thickness

Planar separatio n

Planar spacing

Seismic velocity

> 7 5

> 6 0

A, B, or C

> 0.9 m (3 6 in)

Cemented o r < 0.003 m
(1/8 in ) in width.

> 0.9 m (3 6 in)

> 3000 m/s (10,000 ft/s)

> 75X of the particles have mean
diameters less than 0.3 m (12 in).

< 25

< 0.3 m (1 2 in).

Uncemented and > SOX are < 0.025 m
(1.0 in) in width.

< 0.3 m (1 2 in )

< 2300 m/s (750 0 ft/s)

CLASS 1

<10°

E0



TABLE 3 - CONSTRUCTION QUALITY

CLASSIFICATION ELEMENTS CLASS I  CLASS I I CLASS 11 1

'Definition: Hig h grade
construction quality .
Suitable for high stress
aggregate, filte r and drain
material, riprap, and other
construction application s
which require high durabil-
ity. Mus t fulfil l al l con-
ditions below.

Definition: Roc k material
is intermediate between
Classes I  and III .

Definition: Lo w grade con-
struction quality. No t suit-
able for aggregate, filter and
drain material, or riprap.
Essentially reacts as a soil
in embankments. Mus t fulfil l
one or more conditions below.

ROCK MATERIAL PROPERTIES

Degree of weathering
(URCS)

Estimated strengt h
(URCS)

Unit weight (URCS)

A or B

A or B D or E

ROCK MASS PROPERTIES

Discontinuities
(URCS)

D or E

Analyze by Unified Soil Classification System
ASTM D-2488 when used as a soil material.

c

c

D

C

D o r E

A. B , o r C

A o r B

e



TABLE 4  -  FLUI D TRANSMISSIO N

CLASSIFICATION ELEMENTS

ROCK MATERIAL PROPERTIES
Mineralogy

Degree of weathering
(URCS)

Primary porosity

ROCK MASS PROPERTIES

Discontinuities
(URCS)

Fracture separation

Voids (deposit ional.
solutional)

GEOHYDROLOGIC PROPERTIES

Hydraulic conductivity
(dams)

Transmissivity (wells)

CLASS 1  CLAS S I I

Definition: Lo w capability Definition : Rock material
to transmit fluids. Mus t i s intermediate between
fulfill all conditions below. Classe s 1  and III.

No soluble rock (e.g., line- Solubl e rock occurs,
stone, dolomite, marble, gyp-
sum or halite).

A, B, E (plastic) C , D (plastic), E (non-
plastic)

Micro pores, not free drain-
ing.

A, B, C D

< 0.001 m (1/32 in) and
comprising < 0.2X of rock
unit cross -sect ional area.

No such voids occur. N o karst features or
obvious evidence of
solution.

< 10"6 m/s (0. 3 ft/day)

< 10"3 m2/s (10 3 ft2/day)

CLASS III

Definition: Roc k material
having a high capability to
transmit fluids through inter -
connected pores , open fractures,
or voids. A t least one of the
following conditions exists.

Soluble rock occurs.

D (non-plastic)

Pores visibl e under 10 X hand lens ,
free-draining.

E

> 0.003 m (1/8 in) and comprising
>AX of rock unit cross-sectional
area.

Occurrence of karst features (e.g.,
caverns, s o lut ional ly enlarged
joints, sinkholes), lav a tubes or
interbedded gravel and lava beds,
vugs, tectonic features (open,
systematic joints or faults), or
valley stress relie f joints.

> 10~5 m/s ( 3 ft/day)

> 10 " 1 m2/s (10 5 ft2/day>



TABLE 5 •  ROCK MASS STABILITY

CLASSIFICATION ELEMENTS CLASS I CLASS 1 1 CLASS 1 1 1

Definition: Ver y lo w poten-
tial fo r instability . N o
natural o r cutsiope failure s
occur withi n rock unit. Must
fulfill al l of th e following
conditions.

Definition: Roc k material
is intermediat e between
Classes I  and I I I .

Definition: Significan t potentia l
for rock instabilit y exists .
Failures of natural or cutslope s
occur withi n the rock unit . Mus t
fulfill at leas t on e of the fol-
lowing conditions .

ROCK MATERIA L PROPERTIE S

Degree of weathering A  or B
(URCS)

Estimated strength A  or B
(URCS)

ROD >  75

C

C or D

< 2 5

ROCK MASS PROPERTIES

Discontinuities (URCS) A or B, or no
adverse component
of dip

D or E, or adverse
component of dip

GEONYDROLOGIC PROPERTIES

Aquifer typ e Unconfirmed Confined

c

0 o r E

E
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Bulletin of the
Association of Engineering Geologists

Vol. XXI, No. 3 , 1984
pp. 345-354

Unified Rock Classification System1
DOUGLAS A. WILLIAMSON, Senio r Engineering Geologis t

U.S. Department  of  Agriculture, Willamette  National Forest,  P.O. Box 10607,
Eugene, OR 97440

ABSTRACT
The Unified Roc k Classification Syste m (URCS ) provides a reliable and

rapid method of communicating detailed information abou t rock conditions
pertinent to design and construction of civil engineering projects. The URCS
consists of four fundamental physica l properties: 1 ) weathering, 2) strength,
3) discontinuities and 4) density. A general assessment of rock performanc e
is then base d o n a  groupin g o f the fou r ke y elements to ai d i n makin g
engineering judgments. These individual properties are estimated in the field
with the use of a hand lens, a 1-poun d ballpeen hammer, a spring-loaded
"fish" scale and a bucket of water. Each property is divided into five ratings
which conve y uniform meanin g to engineering geologists, design engineers ,
inspectors and contractors as well as contract appeal board members.

Subjective terminology , suc h a s "slightl y weathered , moderatel y hard ,
highly fracture d an d lightweight, " varie s widel y i n meaning , depends on
individual and professional experience, and cannot be quantified wit h any
reliability. The URCS is not intended to supplant existing geologic classi-
fications but i t does offe r a  suitabl e alternative to ambiguou s descriptive
terminology, sinc e i t i s verifiabl e an d reproducible.—

INTRODUCTION
The Unified Rock Classification System (URCS)

allows rapid preliminar y assessments of rock con-
ditions b y simpl e fiel d test s tha t establis h basi c
engineering properties. The URCS is useful fo r all
earth-associated design an d constructio n projects .
Pertinent natura l conditions relate d t o design pa -
rameters are documented i n a convenient manner
which can be understood a t a glance.

The URCS is engineering shorthand whic h can
be used to convey iraximum information. With the
URCS, rock is classified in simple, easily understood
terms that convey evidence of strength and behav-
ior. The URCS terms convey uniform meanin g to

1 Modified b y the Symposium editor from paper s written by
Williamson (1978, 1980) .

personal communication with author

engineering geologists, design engineers, inspectors ,
contractors and contract appeal board members.

Geotechnical field reports or drill logs sometimes
lack uniformity of notation to assure that sufficiently
identical interpretations wil l be made by designers.
A working classification system based on simple field
tests which can be refined by laboratory test results
can provide this needed uniformity . The URCS is
not intended t o replace existing geologic classifica-
tions but rather to supplement them with engineer-
ing design parameters .

The URCS was conceived in 195 9 in simplifie d
form i n conjunction with investigations and explo-
rations for design and construction of major flood-
control dams by the Portland Distric t o f the U.S .
Army Corps o f Engineers. Use o f the URC S was
found to materially increase efficiency an d produce

(210-VI, TR-71 , 2n d Ed. , Feb . 1987 )

-17-

lgnkl



154 ROC K CLASSIFICATION SYSTEMS FOR ENGINEERING PURPOSES

BULLETIN OF THE ASSOCIATION OF ENGINEERING GEOLOGISTS

reliable rock information that resulted in successfu l
design and construction a s well as post-construction
evaluations. Th e URCS in it s presen t for m date s
from 197 5 and i s used by the U.S . Fores t Servic e
in Regio n 6  and part s o f Regions 1  and 5 . It ha s
been foun d t o b e a  reliable method of communi-
cating rock conditions (including those in quarries ,
retaining walls, and extensive rock excavations) for
the design of forest access roads.

PURPOSE AND NEED
The purpose of the URCS is to establish a  means

of making rapid initia l assessment s o f rock condi-
tions relaftd t o design and construction b y simple
field tests tha t permi t direc t estimatio n o f natural
strength parameters. Th e purpose of this report i s
threefold: 1 ) to present a rock classification for use
in engineering geology and geotechnica l investiga-
tions, 2) to outline field procedures that require sim-
ple equipment, and 3 ) to establish the relationshi p
between th e classificatio n an d desig n an d perfor -
mance.

Experienced professionals who deal with rock can,
and often do, apply the principles of rock mechanics
without any formall y accepte d roc k classification .
Organizations comprised of employees of many ex-
perience levels commonly have a designated roc k
classification system. Rock information is frequent-
ly collected in the field by geologists but utilized in
design by engineers. The URCS is intended to sup-
plement, no t supplant , existin g geologi c classifica -
tions; its specific goal is to provide a means by which
the inherent confusion of subjective terminology can
be eliminated when applied i n civil engineering .

Classification i s not the chief aim of geotechnical
investigations, but a uniform working classification
is necessary to effectively supply the needs of a large
organization of diverse professional disciplines. The
assertion that there is no need for another classifi -
cation i s easily discounted wit h the statement tha t
a classification i s always needed unti l one is found
that meet s general approval an d acceptance an d is
used.

The following statements ar e unfortunately still
true: "There are as many classifications as there are
geologists," an d "No two geotechnical investigator s
will give the same name to the same rock." Because
of the number of geotechnical personnel working in
the field, i t i s vita l tha t som e uniformity of dat a
exist. Eve n now, when one reads geotechnica l re -
ports, drilling logs, or contract documents , i t is not
possible to be sure that tw o different geotechnica l

specialists who are discussing the same rock are de-
scribing sufficiently identica l design characteristics .
A working classification require s uniform symbols ,
abbreviations, notations , an d definition s that ar e
established t o be acceptable procedures.

The URC S fulfills basi c needs of any classifica -
tion:
1) Definition s are developed b y simple field tests.
2) Informatio n is presented in simple, understand-

able, non-technical terms .
3) Fiel d condition s are related to design and con-

struction.
4) Notation s are flexible to scale of sample, outcrop

or large excavation area and are appropriate to
evaluation.

.5) Collecte d data are verifiable , reproducible an d
independent o f experience but not training.

6) Th e system is useful to all levels of experience.
7) Th e system allows immediate assessment, bot h

directly and on notes or documents .

BASIC ELEMENTS
The URCS consists of four basic elements which

are major physica l properties o f rock material and
are related to design and construction. The elements
are: 1 ) degree of weathering, 2) estimated strength,
3) discontinuities or directional weaknesses, and 4)
unit weight or density.

By establishing limiting values of these four basic
elements b y using uniform field tests and observa -
tions, terminology, notations, and abbreviations, the
URCS provides a  means fo r recording and com -
municating reliabl e indication s of rock properties
and performance. The URCS permits a usefu l es -
timate o f compressive strength, permeability an d
shear strength—the three primary properties of rock
masses. Whe n combine d wit h other geotechnica l
information (stress history and water table location),
the URCS permits an estimate of rock performance
such as foundation suitability, excavation methods ,
slope stability, materia l use , blasting character and
water transmittal.

The equipment used for the field tests and obser-
vations is simple and available: one's fingers, a 10-
power hand lens, a 1-pound (0.5-kg) ballpeen ham-
mer, a spring-loaded "fish " scal e of the 10-poun d
(5 kg) range, and a bucket of water. Fingers are used
in determinin g th e degre e o f weathering and th e
lower rang e of strength. The han d lens is used in
defining th e degre e o f weathering . Th e ballpee n
hammer is used to estimate the range of unconfined

-18-
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DEGREE OF WEATHERING

REPRESENTATIVE

Micro Fresh
State
(MFS)

A

Visually Fresh
State
(VFS)

B

UNIT WEIGHT
RELATIVE ABSORPTION

ALTERED

Stained State

(STS)

C

COMPARE TO
FRESH STATE

WEATHERED

> GRAVEL SIZE

Partly Decomposed
State
(PDS)

D

pSic

<SAND SIZE

Completely Decomposed
State
(CDS)

E

NON-
PLASTIC 

PLASTIC

ESTIMATED STRENGT H

REACTION TO IMPACT OF 1 LB. BALLPEEN HAMMER

"Rebounds"
(Elastic)

(RQ)

A

>15000 psi2

>103 MPa

"Pits"
(Tensional)

(PQ)

B

8000-15000 psi2

55-103 MPa

"Dents"
(Compression)

(DQ)

C

3000-8000 psi2

21-55 MPa

"Craters"
(Shears)
(CQ)

D

1000-3000 psi2

7-21 MPa

REMOLDING1

Moldable
(Friable)

(MQ)

E

<1000 psi2

<7 MPa

(1) Strength Estimated by Soil Mechanics Techniques
(2) Approximate Unconfined Compressive Strength

DISCONTINUITIES

VERY LOW PERMEABILIT Y

Solid
(Random

Breakage)
(SRB)

A

Solid
(Preferred
Breakage)
(SPB)

B

Solid
(Latent Planes
Of Separation )

(LPS)

C

MAY TRANSMIT WATER

Noninter sec ting
Open Planes

(2-D)

D

ATTITUDE

Intersecting
Open Planes

(3-D)

E

INTERLOCK

UNIT WEIGHT

Greater
Than

160 pcf
2.55 g/cc

A

150-160 pcf
2.40-2.55 g/cc

B

140-150 pcf
2.25-240 g/cc

C

130-140 pcf
2.10-2.25 g/cc

D

Less Than
130 pcf
2.10 g/cc

aE

Figure 1 . Basi c elements of the unified rock classification system.
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compressive strengt h fro m impac t reaction . Th e
spring-loaded scal e and bucket of water are used to
measure the weight of samples for determining ap-
parent specific gravity.

The URCS design notation consists of underlined
groups o f fou r letter s rangin g fro m A  throug h E
which represent the five categories or design-limit-
ing conditions of each of the basic elements of the
system. Th e limiting condition s of the basi c ele -
ments are described belo w in the orde r tha t they
appear in the symbol.

Degree of Weathering
The degree of weathering in the URCS is restrict-

ed to chemical processes . The five design-limiting
conditions of weathering are: 1 ) micro fres h stat e
(MFS) designated by A, 2) visually fresh state (VFS)
designated b y B , 3 ) stained stat e (STS) designate d
by C, 4) partly decomposed stat e (PDS) designate d
by D, and 5 ) completely decompose d stat e (CDS )
designated b y E. These five weathering states ar e
listed i n the top lin e of Figure 1 .

Micro Fresh State (MFS)
MFS is determined in the field by examining rock

samples with the aid of a 10-power hand lens. This
condition i s characterized b y absence o f oxidatio n
alteration o f an y minera l components . MF S wil l
generally apply only to crystalline rocks, some vol-
canic rocks , an d chemica l sedimentar y rocks . In -
vestigations o f crushed rock and concrete aggregate
sources may require MFS rock, but ordinary rock-
design evaluations usually do not require such high
quality rock .

Visually Fresh State (VFS)
VFS is determined in the field by examining rock

samples wit h th e unaide d eye . Thi s conditio n i s
characterized b y a unifor m colo r o f the roc k ma -
terial. VF S will appl y to al l roc k types including
some clastic sedimentary rocks . VFS samples com-
monly exhibi t maximu m uni t weight , maximum
specimen strength and least water absorption for the
site from whic h comparisons to STS are made. The
VFS is generally representative of the standard qual-
ity acceptable for all foundation and excavation de-
signs.

Stained State (STS)
STS is determined in the field by examining rock

samples wit h th e unaide d eye . Thi s conditio n i s
characterized b y partial o r complete discoloratio n
I/

due to oxidation alteration o f mineral components ,
but th e specimen canno t b e remolded with finger
pressure. ST S will apply to all rock types and com-
monly is the highes t weatherin g state of Cenozoic
clastic sedimentary rocks . ST S specimen strengt h
may or may not vary from tha t of VFS specimens;
unit weights are usually lower and water absorptions
are usually higher than VFS specimens.

Partly Decomposed Stat e (PDS)
PDS is determined in the field by applying finge r

pressure t o discolored specimens . Th e materia l i s
solid roc k when i n place but ca n b e disaggregated
into gravel or larger size rock fragments in a matrix
of soil .

_!/ Th e relativ e percentag e o f roc k frag -
ment!, i s estimated an d th e qualit y o f individual
fragments is assessed wit h URCS. The soil fines are
determined to be plastic or nonplastic .

The in-place strength is estimated by manual con-
sistency values or by size, shape, and gradation of
the remolded aggregate (Terzaghi and Peck, 1948) .
The remolded aggregate is tested for dilatency, dry
strength, and toughness and classified according to
field procedures o f the Unifie d Soi l Classificatio n
System (USCS) (Casagrande, 1948) .

Completely Decomposed State (CDS)
CDS is determined in the field by applying finger

pressure to discolored specimens in a manner sim-
ilar to that for PDS specimens. CDS specimens dis-
aggregate or remold to soif without gravel or larger
size fragments of intact rock. The remolded material
is determined t o be plastic or nonplastic, an d dry
strength, dilatency , an d toughnes s test s ar e per -
formed. The in-place strength is estimated by man-
ual consistency values. Both URCS and USCS sym-
bols are recorded. Note tha t th e URCS boundary
separating rock from soi l i s the No. 4  sieve which
is the gravel/sand division . Mos t investigators, a s
well as lay persons, generall y accept tha t gravel is
composed o f rock fragments but sand is composed
of mineral grains.

Estimated Strength
A reasonable estimate of specimen strength can

be made by striking a sample, piece of rock core, or
outcrop with the round end of a ballpeen hammer
(or with the rounded hea d end of a 20-penny nail
if the specime n is to b e preserved). Th e resultin g
characteristic impact reaction indicates a range of
unconfined compressiv e strengt h (Williamson ,

— persona l communication with author
* sand , silt or clay—personal communication

with author
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1961). The rock specimen or outcrop is struck sev-
eral times to permit evaluation of uniformity of re-
sponse, and a quality is assigned base d on the dis-
tinct reaction . Th e fiv e kind s o f reactio n ar e
illustrated in Figure 2.

The reaction o f a rock specimen to the impact of
a ballpeen hammer is distinct and characteristic de-
pending o n th e rang e o f unconfine d compressiv e
strength. The nature  of the reaction, no t the mag-
nitude of the reactio n i s used t o assig n a  strength
quality to the specimen. Therefore , the reaction i s
independent of the intensity of the blow within the
limitations of the too l use d and th e investigator' s
strength.

The fiv e design-limitin g conditions o f strength
based o n impac t reaction are : 1 ) rebound quality
(RQ) designated by A, 2) pit quality (PQ) designated
by B, 3) dent quality (DQ) designated by C, 4) crater
quality (CQ) designated by D, and 5) moldable qual-
ity (MQ) designated b y E. These five strength states
are listed in the second line of Figure 1 . The range
of unconfine d compressiv e strengt h i n term s o f
pounds per square inch (psi) and megapascals (MPa)
for eac h of the strength states i s also listed i n Fig-
ure 1 .

Rebound Quality (RQ)
RQ roc k materia l show s no reactio n unde r the

point of impact and is a true brittle-elastic substance
in a  mechanica l sense. Th e estimate d unconfine d
compressive strength of RQ material is greater than
15,000 psi (103 MPa). The exact strength value is
seldom significan t in typica l civi l engineerin g ap-
plications once the strength reaches this magnitude.
RQ rock material produces free-draining fill that is
suitable for road aggregate; however, it is often sharp
and angular due to its brittleness and therefore may
produce a less desirable material than PQ material.
RQ rock material has a very high energy transfer in
response to blasting and may be difficult to drill and
break in the absence o f planar separations .

Pit Quality (PQ)
PQ rock materia l produce s a  shallow rough pi t

under the point of impact due to explosive departure
of mineral grains. This quality of specimen has an
estimated unconfine d compressive strength ranging
from 8,000 to 15,00 0 ps i (55 to 10 3 MPa) and i s
considered t o be hard rock by the construction in -
dustry. PQ rock material produces free-draining fill
and i s suitable for road surfacin g material. I t ha s
high energy transfer i n response t o blasting which

Figure 2. Reactio n to impact of ballpeen hammer. A) Rebound
quality, no reaction; B) Pit quality, rough pit; Q Dent quality ,
smooth depression; D) Crater quality, depressio n with upthrust
material aroun d perimeter, E) Moldable quality, crumble s with
finger pressure.

produces generall y good fragmentatio n and satis -
factory excavation slopes. No special blasting design
procedure is generally necessary.

Dent Quality (DQ)
DQ rock material produces a dent or depressio n

under the point o f impact indicatin g the presenc e
of pore spaces between mineral grains. This quality
of specimen has an estimated unconfine d compres-
sive strength ranging from 3,000 to 8,000 psi (21 to
55 MPa ) and i s approximately equivalen t t o th e
strength range of concrete. DQ rock material usually
does not meet absorption specifications for road ag-
gregate and ha s a relatively low energy transfer i n
response to blasting. Special blasting design may be
necessary t o avoi d creatin g over-size blocks . D Q
material is usually not suitable for road fill or sur-
facing and i s not free-draining .

Crater Quality (CQ)
CQ rock materia l produce s a  shearin g and up -

thrusting of mineral grains surrounding the point of
impact resulting in a depression which resembles a
moon crater. Thi s quality of specimen has an esti -
mated unconfine d compressiv e strengt h rangin g
from 1,00 0 to 3,000 psi (7 to 21 MPa). CQ material
can usually be recovered during diamond-core drill-
ing operations , ha s hig h absorption , an d wil l re -
spond t o freeze-tha w stresse s b y at leas t cracking
and checking. I t has very low energy transfer when
blasted and can be excavated by means of machin-
ery, produces poorly drained embankments, and is
not suitable for road fill or surfacing material.

Moldable Quality (MQ)
MQ rock is in a condition whic h can be molded

by finger pressure bu t retain s th e fabri c o f intac t
rock. The unconfined compressive strength for this
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quality of specimen i s less than 1,00 0 ps i ( 7 MPa) .
MQ material mus t be examined and tested as a soil
and a dual classification (URCS and ! )SCS) is given.
The materia l usuall y cannot b e recovere d b y dia-
mond-core drilling, can be excavated by machinery,
and must be evaluated as a soil for design purposes.

Discontinuities
Directional weaknesse s of a  roc k mas s v. i 10 . k

material are termed planar or linear features. Planar
separations ar e open separation s tha t already exist
in the rock mass and are defined by relative capacit y
to transmi t water . Linea r feature s ar e directional
weaknesses du e to visible or nonvisible alignments
of mineral grains i n an otherwise solid roc k mas s
or material tha t usually require blasting or rue. lian
ical crushing t o produce a separation .

For purposes of design evaluations, linear feature?
are denned by breakage characteristics. Planar te a
tures or open planes of separation ar e denned by the
scale dimension o f the rock mass examined and by
the geometric determination tha t defines a plane or
shape.

The five design-limiting conditions of discontin-
uities are: 1 ) solid rando m breakag e (SRB ) desig
nated b y A, 2 ) solid preferre d breakage (SPB) des
ignated b y B , 3 ) laten t plana r separation s (L.l'S )
designated b y C, 4 ) two-dimensional ope n plana r
separations (2-D ) designate d b y D , an d M  three -
dimensional open plana r separation s (<-!) ) desi g
nated by E. These five discontinuity states are listed
in the thir d line of Figure 1 .

Solid Random Breakag e (SRB)
SRB represents ideal design condition s in whic h

planar and linea r features have no effec t v.ithi n th e
dimensions of the roc k mas s examined . I  lie spe c
imen strength equal s the mass strength s o that Ih e
strength valu e o f an y individua l sample teste d i s
directly representativ e o f the entir e roc k -mass
strength. Needless t o say , thi s i s seldom th e case .
except in very limited foundatio n dimensions.

Solid Preferred Breakag e (SPB)
SPB indicates that a nonvisible alignment ot'min-

eral grains has resulted i n a directional weakness in
the rock mass o r material . The roc k break s consis-
tently along a uniform angle or direvtion. SPB rock
material ma y produce a n undesirabl e sha«> e or si/.e
for rock aggregate or may prevent the achievement
of a  desired slop e i n a n excavation . I t ma y b e an
adverse quality in the production ot dimension stone.

1 atent Plana r Separations (LPS)
LKS indicates a visible alignment of mineral grains

or infillin g materia l whic h ma y o r ma y no t affec t
the strength or breakage character of the rock mas s
or materia l during excavation or crushing. The la-
tent planes may be stronger or weaker than the rock
mass. Th e reactio n o f LP S material t o impact de -
fines the strengt h estimate . laten t plane s occu r i n
patterns o r a t rando m an d ar e continuou s or dis -
continuous; the planes may be of measurable thick-
ness. I n all cases, th e infillin g material in the latent
plane of separation ha s an unconfined compressiv e
strength greater than 1,00 0 psi (7 MPa) .

1 PS material is usuall y no t a  foundatio n desig n
consideration becaus e th e materia l is , for practical
purposes, a  solid . I n consideratio n o f roc k slop e
design or road aggregate source, blasting energy will,
in mos t cases , be reflected b y the laten t plane and
produce a  separation an d breakag e a t righ t angle s
to the plane alignment.

Two-Dimensional Open Plana r Separations (2-D )
The 2-D category indicates the presence of one or

more paralle l open plane s o f separation tha t pas s
through th e rock mass at the point of examination.
The 2  • D planar separations ma y var y in frequenc y
and spacing but do not intersect. The attitude, relief,
and continuit y o f th e plan e o r plane s ar e funda -
mental element s o f desig n analysis . Wate r trans -
mission alon g the ope n plane s can b e determine d
by observations of the drilling operation o r by water
testing.

Three-Dimensional Open Planar Separations (3-D)
1 lie 3- D category indicates th e presence o f two

01 mor e intersecting planar discontinuities or ope n
planes of separation that pass through the rock mass
at th e point of examination. The planar separatio n
may form patterns or may be random in occurrence.
Internal plana r separations (IPS) terminat e withi n
the rock mass; mass planar separations (MPS ) pass
entirely throug h th e roc k mas s and ar e infinit e in
extent i n terms of design.

By geometric definition, three dimensions for m a
shape. This shape is often referred to as a joint block
which ha s an averag e size and weigh t that ca n b e
estimated. Th e degre e o f interloc k betwee n joint
blocks can be used to estimate the strength-of-foun -
daiion o r the stability-of-excavation factor .

In the case of MPS, the attitude of the planes with
respect t o the slope or excavation is the chief design
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factor. The ability of the planes to transmit water is
estimated or measured as in the 2-D category above.

Unit Weight
Density or uni t weight has been foun d t o be one

of the mos t usefu l an d reliabl e means o f commu-
nicating roc k qualit y t o desig n engineers and con -
tractors, due to their past experience with rock. The
unit weigh t is determined i n the field with th e aid
of a spring-loaded "fish" scale and a bucket of water.
A suitabl e sampl e i s fastene d t o th e scal e wit h a
short piec e o f string . Th e weigh t o f the sampl e i s
determined first in air and then submerged in water.
The weigh t of the strin g (wet and dry ) is ignored .
The unit weight is calculated by the following equa-
tion:

Unit Weight = [Wa/(Wa -  Ww)]D w
where Wa is the weight of the sample in air, Ww is
the weigh t of the sampl e i n water , and D w is th e
density o f water (62. 4 pound s pe r cubic foot , pcf ,
1.0 g/cc). The weight of the sample in air and water
can be measured i n either pounds or grams sinc e
the mathematica l operatio n wit h th e weights pro -
duces a  dimensionless number .

The five categories o f unit weight are: 1 ) greater
than 16 0 pcf (2.55 g/cc) designated b y A, 2) 150 to
160 pcf (2.40 to 2.55 g/cc) designated b y B, 3) 140
to 15 0 pcf (2.25 to 2.4 0 g/cc ) designated b y C, 4)
130 to 14 0 pcf (2.10 to 2.25 g/cc) designated by D,
and 5 ) less tha n 13 0 pcf (2.10 g/cc) designated b y
E. These five unit weight conditions are listed in the
bottom line of Figure 1 .

The unit weight design evaluation establishes th e
driving forc e in problems o f slope stability, the rel-
ative usefulnes s of th e roc k materia l a s a  surface
course or concrete aggregate, o f the weight-volume
relationship for estimates of haul cost. Unit weight
establishes the degre e o f change due t o chang e of
weathering state .

As a general rule, the author has found tha t roc k
material havin g a uni t weight greater tha n 16 0 pcf
(2.55 g/cc) is suitable more than 5 0 percent o f the
time for use as road aggregate , concrete aggregate ,
riprap, or jettystone without laboratory testing. Rock
material having a unit weight of 150 to 160 pcf (2.40
to 2.5 5 g/cc) may be acceptable fo r these use s bu t
requires laboratory testing for confirmation. Roc k
having a unit weight less than 15 0 pcf (2.40 g/cc) is
usually not acceptable for these uses, typically does
not produce free-draining fill, and will probably de-
grade. Roc k having a unit weight less than 13 0 pcf

(2.10 g/cc) can usuall y be excavated by machinery
but wil l likel y degrad e durin g excavatio n unde r
abrasion o f excavation equipment.

Symbols and Notations
The URCS employs a simple system of notation

for graphi c representatio n o n geotechnica l inven -
tories, boring logs, maps, and sections. The notation
registers rapidl y in the mind and minimizes the re-
quired draftin g effort . Th e letter design symbols for
the four basic elements described abov e and shown
in Figur e 1  are groupe d togethe r i n a  four-lette r
notation.

The four letters are upper case and are underlined.
The letter "A" denote s that the least design evalu -
ation is generally required, while the letter "E" de -
notes the greatest design evaluation. The letter "O"
in sequence indicate s tha t no determination of that
basic element was made; a  lower case "e" afte r a n
upper case letter indicates that the value of the basic
element was estimated .

The field notation shoul d include both the letter
symbol and the abbreviated basis written under the
letter. Fo r example:
Symbol on log :

Field notebook:

Explanation:

BCAD
B _£ _ A  JD_

VFS D Q SR B 13 0
B—Visually fresh stat e
C—Dent quality
A—Solid random breakag e
D—Unit weight of 13 0 pcf

Design value s can then be established fo r this ma-
terial fo r the intended purpose .

Some combinations o f states o r qualities do not
occur. For example, the CDS weathering state could
not occu r wit h RQ strength or 16 0 pcf (2.55 g/cc)
unit weight . Neithe r coul d M Q strengt h materia l
occur with MFS weathering.

Design value s of the fou r basi c elements are no t
equivalent eve n thoug h th e sam e lette r notatio n
might apply . I n general , rock materia l designate d
AAAA will require the least design evaluation while
EEEE will require the most .

DISCUSSION
Information pertainin g t o rock materia l or roc k

masses i n current contract specification s or design
memoranda i s sketchy and ambiguous , to sa y the
least, even when supported b y laboratory test data .
The terminology use d i n drilling logs and geologic
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Figure 3. Exampl e of boring log utilizing URCS notation.
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Figure 4. Exampl e of geotechnical section utilizin g URCS notation.

sections usuall y fails to provide understandable in -
formation t o the contractor fo r purposes o f bid es-
timates.

Here is an example of a rock description foun d
in a  typica l contrac t specificatio n or design mem -
orandum:

"Slightly weathered, moderately hard, highly frac-
tured, lightweigh t rhyolitic rock."

This informatio n i s sincerel y intende d t o portra y
actual conditions existing at a site and wil l provid e
the basis of the design , th e cost estimate , an d th e
judgment o f the constructio n metho d require d a s
well as the basis for defending the owner from futur e
construction claim s or extras.

Descriptive term s suc h a s thes e var y widel y in
meaning, depending on both individual and profes-
sional experience, and cannot be quantified with any
degree of precision or uniformity. Consequently, de-

personal communication with author

sign decisions, cost estimates, or construction meth-
ods based o n such information also vary widely .

The URC S offer s a  suitabl e alternativ e to thi s
ambiguous, descriptive approach . Th e ter m "uni-
fied" refer s t o th e necessar y unificatio n o f geology
and engineerin g fo r geotechnica l purposes . Th e
URCS equivalent of the typical rock description for
contract specification s and desig n memorand a i s
CCED. Thi s simpl e notatio n i s based o n unifor m
acceptable procedure s use d to defin e design condi-
tions.

The CCED notation indicate s that the degree of
weathering of the rock is the stained stat e (STS) or
not representative o f the standard design condition
that exists at the site and that comparative data will
have t o b e determined. Th e strengt h o f the roc k
material i s den t qualit y (DQ) an d ha s a  rang e of
unconfined compressiv e strengt h of 3,000 to 8,00 0
psi (2 1 t o 5 5 MPa) , whic h i s comparabl e t o th e
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strength o f concrete. The roc k mas s ha s three-di -
mensional plana r separations (3-D) , which wil l be
the primar y design and construction consideratio n
with respec t t o stability , excavation , an d materia l
use. The size, shape, volume and weight of the unit
joint block have not been denned and wil l have to
be determined as well as the continuity and attitude
of th e plane s an d degre e o f interloc k of th e join t
blocks. Wate r transmissio n wil l hav e t o b e esti -
mated o r measured . Th e uni t weigh t o f th e roc k
material is 130 to 14 0 pcf (2.10 to 2.25 g/cc), which
indicates tha t ther e wil l be ful l load s fo r haulin g
equipment but that the material is probably not fre e
draining nor ca n i t be used in load-bearing fills or
for surfacing .

This simple but well-defined verifiable design no-
tation i s suitable for graphic abstracts, boring logs ,
plans and sections, and other documentation. Since
it i s based on basi c design elements , th e notatio n
provides a reliable means for decision. The notation
registers rapidl y i n th e min d during scanning and
allows rapi d comparison wit h several roc k condi -
tions. Similarities and differences can be established
immediately. The simple notation minimizes draft-
ing effort . Th e notatio n prevent s subjectiv e con-
notation and allow s recording of the significan t in -
formation on a scale appropriate to the investigation.
The informatio n ca n be checked and verified .

Examples of the notation in actual use on a boring
log and on a section ar e presented a s Figures 3 and
4, respectively .

CONCLUSION
The URCS furnishes a  means by which person s

from professional and technical disciplines who have
different experienc e level s ca n communicat e i n a
reliable and unambiguous manne r abou t roc k con-
ditions.
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APPENDIX II *

Hydraulic Conductiyî y

FT*/FT*/DAY (f t /doy)

o* ip 4 io * ip * K f i  io; 1 Kf * io; '
FT*/FT*/MIN (f t /mm )

ip1 i  Kf 1 W * »; * io; 4 »- • io; 4

ID'4 KT *

io-' io -
GAL/FT*/DAY (gol/flV*»»

io* w 4 io * to * io 1 i  Kf 1 10; * io; ' iff 4

METERS*/METER*/OAY (m/doy )
io4 19 * 19 * 19 ' i  K f w' * to; '

RELATIVE PERMEABILIT Y

VERY HIG H HI6 H MODERAT E LO W

Kf4 Kf *

VERY LO W

REPRESENTATIVE MATERIALS ,
Clean grove l - Clea n sand and -  Fin e san d —  Silt , cloy an d mixture s —  Massiv e cla y

sand and gravel o f sand , silt an d cloy
Vesicular an d scorioceou s —  Clea n sandstone —  Laminate d sandston e —  Massiv e igneou s

basalt an d cavernou s an d fracture d shale , mudston e an d metamorphic
limestone an d dolomit e Igneou s an d rock s

metomorpnic
rocks

Figure 1  - Compariso n o f hydrauli c conductivit y an d representative
aquifer materials .

*Tables afte r Groun d Wate r Manual , pp . 28-29 .

TRANSMISSIVITY

FT3/FT/DAY (ft«/doy )
' K £ 19* . 5 £ ij £ K £ 19 * io | j  K £ g" *

FT*/FT/MIM (ftVmin )
ra  ̂10  ̂K£ w  ̂i K£ »2 w  ̂n  ̂io|*_

GAL/FT/DAY (gol/ft/dfly )
|0|| K £ 10 ^ 10 ^ M £ 10 ^ K £ » J j  10 ^

METERSVMETER/OAY (mVdoy)
«f_ 10 ^ W ^ l £ 10 * » ] |  Jtf ^ JO ^ Nf *

SPECIFIC CAPACIT Y (gal/min/ft )
io* 10 ^ K £ » ^ |o ] |  j £ w ^ \c£  ip' 4

WELL POTENTIA L
Irrigation Domesti c

UNLIKELY VER Y GOO D GOO D FAI R POO R |  GOO D FAI R POO R UNFEASIBL E

NOTES: Tronsmissivity (T) = KM wher e
K=Permeability
M:Saturated thicknes s o f th e aquife r

Specific capacit y value s base d o n pumpin g perio d o f approximatel y
8-hours bu t ar e otherwis e generalized .
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APPENDIX III

Geologic Rock Classification Systems

Geologic classification will be made using standard pub-
lished systems for igneous, sedimentary, and metamorphic
rocks. Whil e the geologic classification may not always
relate directly to engineering or other discipline needs,
it serves two important purposes. First , the geologic
terminology communicates mineralogic and textural charac-
teristics to the geotechnical reader. Second , the geologic
description indicates rock origin and mode of emplacement.
Both of these are necessary requirements for the evaluation
of rock units for engineering uses.

There are many geologic rock classification tables and
systems; the decision of which to use is left to the
discretion of the geologist. Som e widely used examples
include:

American Geological Institute, Data Sheets for Geology in
the Field. Laboratory, and Office: ISB N 0-913312-38-X,
Alexandria, VA. 22302 .

Travis, Russell B., 1955, Classification of Rocks; Quar -
terly of the Colorado School of Mines, Vol. 50, No. l.

Kemp, J. F., 1940, A Handbook of Rocks (for Use without the
Petroaraphic Microscope); 6t h ed.., Revised and Edited
by F. F. Grout, Van Nostrand, New York.

-28-
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APPENDIX IV

ROCK UNIT CLASSIFICATIO N
(EXAMPLE)

Proj ect: Sand y Branch
Date: Augus t 10-13. 1987
Geologist: Cla y E. Stone

1. ROC K UNIT IDENTIFICATION .

(a) Designation : LA- 3

(b) Location : Lef t abutment between centerline sta-
tions 275+00 and 325+00 and extending throughout
the reservoir pool area and down the valley be-
tween elevations 282 and 297 meters (925 and 975
feet) above MSL.

(c) Outcro p confidence level: I I

2. CLASSIFICATIO N ELEMENTS.

(a) ROC K MATERIAL PROPERTIES:

Rock name: sandston e bed (contained within the
St. Peter sandstone).

Mineralogy: 10 0 % quartz grains with carbonate
cement.

Texture: poorl y graded, medium sand.

Primary porosity: micr o pores not free-draining.

Discrete rock particle size: 8 0 % > 1.2 m ( 4 ft)

Bedding thickness: 0.3-1. 0 m (1- 3 ft)

Rock unit thickness: 1 2 m (4 0 ft)

Rock hardness: moderatel y hard.

Micro structures: rippl e marks.

Degree of weathering (URCS): B

Estimated strength (URCS): B

Unit weigh t (URCS) : A
-29-
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(b) ROC K MASS PROPERTIES:

Discontinuities (URCS): B

Strike and dip of formation: Strike : N  45 E .
Dip: 5  SE . Measure d at Station 280+00,
uniform over entire site.

Joint analysis:
Spacing: Se t 1: 1- 2 m (3- 6 ft, avg. 4)

Set 2; 2- 3 m (6-1 0 ft, avg. 8)
Orientation: Se t 1: N-S , vertical

Set 2; E-W , vertical
Length: Se t 1; 12-2 3 m (40-7 5 ft)

Set 2: 9-1 5 m (30-5 0 ft)
Separation: Se t 1; >  0.016 m (5/8 in),

comprising 4 % cross-sectional are a of
rock unit.

Set 2; Non e
Joint wall rock: smoot h
Joint tightness: Se t 1; ope n

Set 2; tightl y calcite cemented.

Other structures: Cross-bedded , beach type.

Geomorphic features: outcro p is well exposed and
forms a prominent, broad, low ridge above
left abutment.

Voids: non e

RQD: 8 0

Seismic velocity: 400 0 - 4300 m/s
(13,000 - 14,000 ft/s)

URCS: BBB A

(C) GEOHYDROLOGI C PROPERTIES.

Primary porosity: se e above.

Secondary porosity: th e two joint sets intersect
at right angles, but Set 2 joints are well
cemented. Angl e hole drilling in abutment
did not indicate stress relief joints. Sec -
ondary porosity not well developed in this
rock unit.

Hydraulic conductivity: 10~ 7 m/s (10" 1 ft/day)

Transmissivity: 10~ 4 m2/s (10 2 ft2/day)

-30-
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Specific yield: 0.1 0

Aquifer type: unconfine d

Water table: a t Station 275+00, W.T. elev. was
286.8 m (882.0 ft) above MSL on 8/13/87.
See map for water table contours.

3. Photographi c Documentation.

(a) Photo s nos. 1-11 show rock unit in outcrop between
Stations 275+00 and 325+00 in 1.5 m (5 ft)
increments.

(b) Photo s nos. DH-275-1 through DH-275-10 show rock
unit in core samples.

4. PERFORMANC E ASSESSMENT*.

Erosion Resistance: Clas s I
Excavation Characteristics Clas s I
Construction Quality Clas s I
Fluid Transmission Clas s II (fracture

separation)
Rock Stability Clas s I

* Thi s example is for illustration only. Usuall y a rock
unit is assessed for only one or two performance objectives
rather than all five.
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