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SLHIL AND ROCK CLAGHIFICATION MONUAL

FORWARD

Detailed descriptions and classifications of soll and rock
are an essential part of the geologic interpretation
nrocess and the geotechbnical information developed to
support design and construction. This manual contains
standardlzed procedures and guldelines for describing and
evaluating soil and rock materiale and for preparing

explovration logs.

The Umified HBoll Classification System provides a conven-
tional svystem for categovizing soils by gradation and
plasticity characteristics. However, it alone does not
provide adeguate descriptive terminology for identifying
s0ils, The enclesed descoriptive terminology s not intended
to replace the USCS, but to expand it in order to make the

classiftication more precise and better understood.

Various rvoock descripltion systems exist: however, no ons
syabemn is universally used. This manual contalns a com-
posite procedure that lncorporates significant descriptive
terminolegy relevant to geotechnical design and

construction.

OREGON DEPARTMENT OF TRANSPUORTATION
HIGHWAY DIVISTON
BD-1--87
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OROT SOTL/ROCK CLASSIFICATION mMANUAL

CLABGIFICATION FORMAY

The description and classification of seoil and rock inciudes
consideration of the physical characteristics and enginesring
properties of the material. The detail of description is dig-
tated to some degree by the complexity and objectives of the
project; however, an attempt should alwavs be made to describe
the soil/rock as completely as possible. The so0il and rock

descripiions on boring logs should be based on factual infor-

mation.

where, such as in the text of

foundation reports.

and rock materials follows:

S0IxL

501l Name

UGBS Designation

Color

Plasticity

Moisture

Consistency/Relative Density

Teaxture

Cementation

Structure

Fill Materials

Cther Constituents/Charac
teristices as applicable
{unit welght, sensitivitiy,
gualitly of coarse—-grainsd
constituents)

Origin

Iinterpreftive inTormation should be provided else-
genlogic, geotechnical, and

The general descriptive seqguence for soill

RECK

Rocik Name

Color

Degree of Weathering

Relative Hardness

Structure
(ioints, stratification, faults
attitude, separation, filling,
comtinuity, voids)

Core Recovery and ROD

Gther Characteristics as
applicable (mineralization,
slaking, Tield unit weight,
discontinuity surfTace condition,

viids)

Formation Name



An important Tacet of classification is the determination of
what constitutes rock, as opposed to extremely weathered,
partially cemented or altered material which approaches sgil

in its character ang engineering characteristics,

Fxtremely soft or decomposed rock that is friable and can be
reduced to gravel size or smaller by normal hand pressure
should be classified as & =spil. The so0il claessification would

bhe followed by the parent rock mname (in parentheses).

The inferred contacts hetween differing soill type (overbur-
den) and the underlying rock should be noted on exploration

logs, interpreted profiles and cross sectlons.
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SOIL CLASSIFICATION

Intrvoduction

The soil description and classificastion is based on the
distribution and behavior of fine-grained {(passing No. 200
sieve) and coarse-grained {(retained on the Ne. 200 sieve) wsoil

constituents, as described 1n ASTM D 2487 and D 2488.

501l descriptions contained on exploration logs and in field/
laboratory veports should be consistent with the visual-manual
procedure of ASTM D 2488, The visuwal—-manual method employs
visual observations and simple manual tests (index testsi o
patimate the size and distribution of the coarse-grained scil
fractions and to indicate the plasticity chavracteristics of
fine—grained fractions. These index tests should he performed

on representative samples from sach soill unit.

S0i1l glassifications are determined based on soil descriptions

and laboratory testing. Representative soll samples that ave
submitted for labovatory testing should be classified using
the procedwe of ABTM D 2487, which generally reguires grain

size and plasticity testing (Atterberg limits).

The definitions for various scil constituents are presentsd on

Table 1.
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TABLE 1: SUOIL CONSTITUENTS-DEFINITIONS
(Hef.4)

Boulders Particles of rock that will not pass
a lZ—-inch square opening.

Cobbles Particles of rock that will pass a
1Zd~inch square opening and be retained
o oa 3d-inch sieve.

Gravel Particlies of rocik that will pass a
d-inch sieve and be retalined on a
No. & sieve.

Sand Particles of rock that will pass a
No. 4 sieve and be retained on a
No. 200 siepve.

Sitt 501l passing a No. 200 sieve that is
nonplastic or very slightly plastic
and that exhibits 1ittle or no strength
when air dry.

Clay Soil passing a No, 200 sieve that can be
made to exhibit plasticity {putty-like
nroperties) within a range of water
contents, and that exhibits considerable
strength whern air dry.

Organic 50il A s0il with sufficient organic content
to influence the soil properties.

Peat A s0il composed primarily of vegetable
matter In various stages of decomposition
usually with an organic odor, or dark
LByown to black celor, & spongy
consistency, and a texture ranging
from fibrous to amorphous.

Soil Mame

The first step in describing & soil is to determine whether
is predominantly fine-grained, coarse-grained, or peat. /A
miked-grained seill (containing both fineg-grained and coarse-

grained constituents) is cetegorized by determining 1ts

A

it



predominant engineering behavior and by visually estimating
the percentages of fine-gralned and coarse-grained consiitu-
ente. There are three technigues avallable for estimeting the
percentage of gravel, sand, and finegs In a sample: the Jjar
method, the wvisual method, and the wash test, as described in
Appendix X4 of ASTM D 24688. Soils ceontaining more than 50
percent visible particles are coarse-grained seoils, After the
sample 1s determined to be predominantly fine-—grained or
coarsegralined, the next step 1s to determine the primary,
secondary, and additional constituents. For vapid and sasy
identification, the primary constituent should be written in
upper case letters, i1.e., GRAVEL, SAND, SILT, CLAY. The

procedures for describing and classifying fine-grained and

coarse-grained soills are described in the following subsections,

Fine—Grained Soils Fine-grained soils are describesd by their

engineering behavior considering such physical characteristics
as dilatancy, dry strength, toughness, dispersion, and plasti-
city, as summarlzed on Table 2. The index tests used to
determine these charvacteristics are described in ASTM D 2488.
Examples of goil descriptions based on index tests are shown
on Table 3. The Plasticity Chaert, Figuwe 1, s used in the
classification process to determine 1T the soi1l behaves
primarily as a silt or clay: it also provides a measure of
the plasticity as well as compressibility of the soil. Table
4 summarizes the subclassification order for ftine-grained
solls. For instance, a so0il which contains 80% fine-grained
congtituents (medium dry strength, slow dilatancy, medium
toughness, low plasticity) and 0% sand would be classiftied as
"clavey SILT with some sand."” It is possible to have two
secondary constituents. For instance, a soil with 40% sand
and &0% fine-gralined constltuents (medium plasticity, no
dilatancy, medium toughness, and medium dry strength) would be

described as "sandy, silty CLAY.Y

o



TABLE £2: SILT AND CLAY CHARACTERISTICS
(After Ref.d4)
CHARACTERIGTICS SILTS CLAYS
DILATANCY Rapid reaction. Walter|Sluggish or no reaction.
(reaction to appears on the sur-— Surftace of the samples

shaking. Move-
ment of water
in voids).

None

S1ow

Hapid

face to give a livery
appearance when shak-
en. Sgueezing the
5011 causes water to
disappear rapidly.

remain lustrous. Little
ar no water appears when
Mand is shaken. Sample
remains lustrous duying
SOuUeezing .

DRY STRENGTH
{Cohesiveness
in dry state?l.
< None

L.ow
« Medium

High

Very High

Nove to low. BEven
oven-dry strength 1s
low. Powder easily
rubs off surface of
the sample. Little or
1o cohesive strength-
wWill crumble and
slake readily.

High to very high. Ex-

ceptionally high 1f
oven-dry. Powdeyr will
not vub off the surface.
Crumbles with diffi-
culty. Slakes slowly.

TOUGHNESS

(Plasticity 1in

thread has
atrength.

Plastic
little

Plastic thread has high
strength. Dries slowly.

moislt state). Dries gquickly. Usually stiff and tough
L.ow Crumbles easily as itjas it dries below plas-
-~ Medium dries below plastic tic range. Can easily
High range. Seldom can be |[be rolled to 1/8" thread
rolled to 1789 threadiwilthout cracking.
without cracking.
DISPERSION Setties out of sus- Setties in several howrs
(Getilement in |pension in 18 to &0 or days, unless it
water). minutes. (Sands flocculates (rapidly

settle in 30 to &0

secands) .

precipitates out In

small clumps).

Individual grains camnotb

VISUAL Only gcoarseslt indi-
INSPECTION vidual silt gralins be observed by the
AND FEEL. are visible to the raked eyve. Feels snooth
naked eye. Feels and greasy when rubbed
slightly gritty when [in fingers. Dries slowly
rubbed in fingers, and does not dust off,
Dvies quickly and must be scraped off.
dusts off easily,
BITE TEST Gritty feeling be- No gritty fesling be-
(Caution:Eating | tween the teeth, does|tween the teeth; tends
contaminated not stick to the to stick to the teeth.

s0il may be
hazardous to
vour health)

teeth .

&
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TABLE 3

¢ EXAMPLES OF FINE-GRATNED

SiITE.

FIELD IDENTIFICATION

FIELD IMDEX

TESTS

Plasticlty

Typical Name Pry Ditatancy Toughness
Strength Reaction aof
Flastic
Thread
SILT none, low rapid low nonplastic,low
SILT w/some clay|low, medium |[rapid, siow!llow, medium]low
clavey SILT mec 1um slow medilum low, medium
silty CLAY medium, high|slow, none Imedium bhigh|medium

CL.AY w/some

si1lt

high

0TI high

igh

igh

ClL.ay very high Mone high Migh
organic HILT Tow, medium {slow low, meadiumlnonplsstic, Jow
organic CLAY medium to none medium,high!medium,

very high

7




PLASTICITY INDEX(PI)

Noters

FIGURE 1: PLASTICITY CHART
(Aftaer Ref.d)
60
For clossification of fine-grained soils
and fine-grained froction of coarse-groined
ils.
sol. 30is N P
Equation of A -line *2,/
Horizontol at PI=4 to LL=25.5, Q\ \Y
then PI=0.73 (LL-20) Q \w:;/
40 |~
\?\c‘* v
30
C>/
20 P
& / MH o= OH
o/
"ML os OL
O0 10 16 20 30 40 50 60 70 80 90 100 1Ho
LIQUID LIMIT {LL)
The symbols CL,ML,O0L,CL,0H and OH are Unified Soils
classification symbols. For definitions refer to Table 7.
TABLE &8 FINE-GRAINED SOTL SUBCLASSIFICATION
(After Ref.4)
Percent (by welght?

Terms

of Total Sample

Sandy, Gravelly

w/some sand,

w/trace sand, trace

spme gravel

SILT, CLAY *

Clayey, Silty * }h
- Constlt
-

w/some si1lt, some clay * }m.ﬁdditiu
. Coanstit

30 [0 s
- Constit
15 -~ 30k~ Additional
gravel i 15 Constit

PRIMARY CONSTITUENT

- Secondary Tine-grained

Secondary coarse-grained

uernte

vial ftine-grained
uents

uents

coarse-gyalned
uents

3

Ref ined
the Plasticity Chart

The relationship of clay and silt constituents s based on
plasticity and vrormally determined by performing
classitications

are based on Atterberg
(Figure 1).

tests.
tests and

incex
Lamits




Coarse—Grained Solls Coarse-grained soils are described on
the basis of particle-size distribution, as shown on Table 5.
In the absence of grain size test rvesults, the percent distri-
bution of the various constituents should be visually estimal-
ed. Where no constituent exceeds 30% of the total sample,
then the coarse-grained constituent having the largest per-
centage becomes the primary constitusnt. It the soi1l does not
include any discernible fines, then desoribe soll as "clean.”
Where the secondary or additional constituent is fine-grained,
the term "clay! or Ysilt" is selected based on the predominant
nlasticity characteristics from index tests (Tables 2 and 3.
For instance, a s0ll with 48% sand, 42% gravel and 10% fine-
grained constituents (non-plastic, low dry strength) would be

described as "gravelly SANDE with some silt.”

TORLE 3: COARSE-GRATNED SOIL SUBCLASBSTIFTCATION
(MAfher HRef.a)

Percent (by weight)?
Terms of Total Sample

GRAVEL . SAND Predominant PRIMARY CONSTITUENT
constituent

t

i

<
;

. Becondary Coarse-Grained
Constituents

Gravelly, sandy 30

- B0 Additional Coarse-Grained
- 15 Constituents

w/some (gravel, sand) 1
w/trace (gravel, sand)

ol

Silty, Clayvey ¥ 12 — 80i. Secondary Fine-Grailned
e Constituents

w/some (silt, clay) * RS TR - Additional Fine-0Grained

Styace (silt, clay) x <000 Constituents

% Index tests and/or plasticity tests are performed to defermine
whether the term "silt"” or "clay" is used.
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Where siratified soils are encountered,

classified. The significant

dimensions of

should be noted. For instance, a

fine-grained (low dry strength,

011 that

medium plasticity)

zach

the

laver should be

lenses/lavers

is predominantly

with Thin

(1-inch?) layers of clean sand would be described as "clayey

SILT with 1-inch layers of clean s

rganics UOrganics can generally b

ard. "

e identified by

distinctive dark color and by theilry spongy

arganic soils usually have a

disti

organic matter. This odor can be

heating the wet sample. The sstimated

organic material present should be

description. AN estimation of

percent by volume of the total sample

through visual comparison of
comparison chart, Figure 2.

fication 1s shown on Table 6.

the 5

The o

FIGURE &2 COMPARIGON CHORT

1% 10%

20%

10

Teel .

thelr

Frest, wet

notive odor of decomposed

macde more noticesbhie

included

ample to &

roanic material

(PERCENT

30%

and may

Iy

percent and tyvpe of

in the sample

peroent organics 19 based on a

he obtained

standardized

BY VOLIMED

subclavgl—

{(Rexf . 1%9)



TABLE &3 OREANIC MATERIAL SUBDLASSIFICATION

Organic Fercent
(hy volume)
Term 0F Tetal Sample
PEAT HOo o~ 100 FPRIMARY
CONSTITUENT
grganic {(soil name) 135 F0 Secondary Grganic
Constituent
(z0il mame) w/some organics b T Additional Organic
Consftituents

Gecondary soil constituents should be described for peats.
For example, 1if a soil contains greater than 504 organics by
volume and more than 18% silt by weight, the material would be

described as a "silty PEAT". The fterm "silty PEAT" would also

apply to a material having greater than 30% organics by volume

and a significant psrcentage of silt (i.e. BOYX) by weight.

The type of organic material {(i1.e., peat, wood fibers, car-
bhonized wood, grass, leaves, roots) should be identified if
possible, or referred to as oarganics. An example would bes

Teilty SAND with trace clays; some carbonized wood.,"

Organics may be fibrous and/or amovphous. fhrganic material
may he very tTinely divided and hard to identify if a sirong
ovganic odor is not present. Consider the location when
describing samples (1.e., former stream chamel, flood plaind.
If you cannot identify organic material, but suspect its
presence {due to color, odor, etc.), then indicate "organics
may be present” or "organic odor®. A natural molsture content
determination or liguld limit tests on samples before and
aflter oven drying may verlfy yvour assumption (Attevberg limits

tests are not applicable Tor peat’.

i1
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Unitied Soi1l Classification System (USCH) Designation

The UBEE designation should be determined by following the
procedures speeilflied 1n ABTM D 2487, The USCS designation as
veported on exploration lcegs will be an approximation based on
the visual-manual soil description (ASTM D 2688). Where
classifications are based on grain-size and Atterberg limits
tests (such as laboratory ltest classifications), the USCS
desigrnation will be more precise. Table 7 presents a simpli-

Fied summary of the USCS system.

12



TABLE 7= UNIFIED SO CLASSIFICATION SUMMARY
(Ref.18)
UNIFIED SOIL CLASSIFICATION
MAJOR GROUP
SYMBOLS TYPICA NAMES
CIVISIONS s L €
=
%; @ oW Well groded grovels, qrovei-‘sand mixtures,
galz4 hiitle or no fines
R el .
S & ju
@ gf Jx . Poorly groded graveis, jrovel-sand mixtures,
‘:: 8 s @ little or no fines
» Bl 13%2
= ‘i—’g é%é mﬂ ou Suty grovels, poorfy groded grovel-sang-
S w @E ez 7 st mictures. .
w - €5 [%a
5, 2212
a - 22z Clayey qraveis, goorly groded grovel - sand -
W 2 o v jaT GC
2% . § X ¢igy muxtuyres.
2%
g °; 33’ 5w Well graded sqnds, gravelly sands, lLittle
39 gavlzwn or no fines.
[T L < Q
n e o P ““2
g ez 2vl3a sp Paariy graded sands, qroveily sands. Little
- Q
Q o § 2 gg or no fines.
L= B -
F |%Z5g
P o o
_g; o % SM Sity sgnds, sond-sift mixtures,
= g ::
e 5C Clayey sonds, sand -cfay mixtgres.
g - z
2 Inorqontc sits and very fine sgnds. rock ficur, silty
< ML or cloyey fine sands with slegnt plasticit
- -t -0 Y y q y
g |3 &%
»w g a - ‘5: L Inorgamic ¢lays of low to medwum plosticity, grovelly
= : ﬁ E - cloys, sandy clays, sitty cloys, lean cloys.
Sz w 294
. s
a E M - oL Organic sits and organic silt-clays of law
Lo
1; s : b plasticity
zo¢
g% 7 K (norgantc silts. micocecus or d:atomoceoys fne
632 ¢ _3 sondy or sty sois, elastic silts.
£z O -
¥sg £2 :
o £ . ‘.5:’ - : CH Inorgame ¢lays of high piasticity, fot cloys.
o © L4 S o
s £ ]
3 2 S
o < OH Orgonic ciays of medium 2 high plasticity.
[y
HIGHLY RGANI
ORGANIC PT Peat and other highly orqanic souls.

SOILS

4 Boundary ciassifications. Sails possessing charocteristics of "wo groups ore desigaoted

by combingtroas of group Symbois For exomple Gw-GC, weli
groded grovei-sand mixtuyre with Clgy bBinder
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Color

Soil color is not in itself a specific engineering proper by,

o

but may be an indicator of other significant properties such
as w01l chemistry, ground water {e.g., mottling indicating
wet/dry cyeoles), alteration/weathering, or relative natural
moisture content. Coler may also be an aid in subsurfasce

correlation.

Trne color showld be Tield-determined from fresh soi1l samples
at their natural moisture content. Use common colovrs (such as
white, vellow, red, brown, green, gray, blue, or blaci)
hecause they are basic and easier for others to understand.
Standard coloy charts can be used, when avallable, for move
uniform and precise descriptions. For varilations use hyphen-
ated combinations such as red-brown. Do not use "ish", or
nusual colors. For example: instead of turguolise or aqua,
wer green-blue or blue-green, respectively. Desoribe the
et color, that is, for a sand with white and dark gray
grains, the net color would be gray, not white and dark gray.
fivoid listing more than two colors. To describe tint use the
following example, demonstirated with brown: pale brown, light
brown, brown, dark brown. When color variations are observed
and considered significant, additional adlectives such as

Ymottled! or "sitrealked" may be used. For instance:

SAND, SW, brown, mottled ] aray, tc.
streaked
|

PFlasticity
Plasticity is a significant indicator property for cohesive

soils. Field estimates of plasticity should be based on dry

strength and toughness tests (ABTM D 2488). The relationships

14



between
Table 8
made in
{ASTM D
perfarm

gescrip

these index tests and the plasticity are shown on

. (AT
the
43189 .
ed on

tions

TABLE

accurate

and for

laboratory by means of
A series of Atterberg

representative samples

R

measuremsnt

endgineer ing

DEGREL

g normal

of plasticity

the Atterberg limits €

limits tests should

to confivm visual soil

NDUrPOSES,

OF PLaSTICITY

iy
poto
[ye

!

(Ret 4, 18)

Plasticity

Dry
Term Index, PILIStrength Fieltd Test (approximaition)
Nonplastic o - 3 Vary lowl| Dry specimen ball fallsg apari® easily.
Cannot be rolled &t any moisture
content.
L-ow 3 - 13 L.ow Dry specimen bhall easily crushed with
FPlasticity fingers. 1/8" thread can barely be
rolled within itz plastic range.
Medium 185 — 3¢ Medium Difficult to crush dry specimen bhall

Flasticity

when dry. 1/78" thread is easy

te roll.

High
Flasticity

30 or more

High

with fingers. 178" thread tak
erable tTime to rvoll/knead to
piastic limit. Can be
times without breaking after
plastic limit.

verol led

gs consid-
reach
several
reaching

Atterbe
carbona
Atterhe

content

T
te or
L]

limite may be higher
ven oxides are present.

limits may not be veliable for

than expected i1 calcium
Correlations using

soils high Iin or
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Moisture

A visual estimation of relative moistuwre coritent should be
made during fileld classification (ASTM D 24B8). Natural
moisture contents shouwld be determined in the laboratory Tor

£

all soils containing more than 8 percent fine-grained mater-

ial. The btypical classifilcations are pressnted in Table Y.

TABLE %: MOISTURE DESIGNATIONS
(Afteyr Ref.4,13)

Term Field ITdentification
Dry Absence of molisture. Dusty. Dry to the touch,
Damp 01l has moisture. Cohesive soils are below plastic

limit (BPL) and usually moldable.

Moiat Grains appear darkened, but na visible water.
Silt/clay will clump. Sand will bullk. Soilse are
aften at or near plastic limit.

Wet Visible water on larger gralin surfaces. Sand and
cohesionless =ilt exhibit dilatancy. Cohesive
silt/clay can be veadily remolded. Soil leaves
wetness on the hand when squeezed., "Wet" indicates
that the spil is much wetter than the ooptimum
moisture content and above plastic timit (AFPL)

)

Consistency/Relative Density of Soils

AN important index property of cohesive (plastic) so0ill is its
CONsistency. The consistency of cohesive soll 1s expressed
aualitatively by terms such as very soft, soft, medium stiflf,
stiff, hard, and very hard. &imilarly, a significant index

property of a cohesionless (non-plastic) soil is 1ts relative

Relative density terms include very loose, loose,

medium dense, dense, and very dense.
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Consistency is an indicator of the shear strength (Bu) aof a
cohesive s0il. The shear strength can be estimated from
manual and mechanical field tests (i.e,, Standard Penetvabtion
Test [HBPTI, Toervane, and pocket penetrometer), or determined
by laboratory testing {(i.e., unconfined compressive or triaxial
shear strength). Narmally, the above tests are performed on
undisturbed materials. Pocket penetrometer tests on cohesive
samples from S8PT tests will generally underestimate the undis-
turbed shear strength. These results, although consecrvaltive,
may still be useful in preliminary design. Covrelation of
consistency terms with variocus paramegtervs determined from both

field and laboratory tests, are summarized in Table 10.

TOBLE 10: CONSISTENCY OF COHESIVE SOILS
(After Ref.10,14,18,20)

i e f sr RIS . ”
13- au I Readily indenbed by thupb nayd




Relative density of uncemented granuliar ovr cohesionless soils
is a measwuwe of the compactiness of the scoil. Nonplastic SILT
s01ils which exbiblt general properitlies of granular soill arve
given a relative density description. Felative density can be
gstimated from a simple manual field test, or evaluated with
the Standard Penestration Test, SPT (ASTM b 15864, AASHTDE T2041).
Relative density terms are related to SPT N-values and yudi-—

mentary field {fests, as shown in Table 11.

TARLE 11: RELATIVE DENSITY FOR BROANULAR (COMHESTONLESS) S0OTLS
(After Ref.1,10)

JR— S,

Texture

Texture refers to the actual size, shape, and gradaticn of the
constituent grains. Table 12 defines the most common grain
gize terms. The maximum coarse-grained size recovered in
seils should be noted. Figure 3 shows various shapes of bullky
(granular) grains and their corvesponding classitication. The
gradation definitions are presented in Table 13, and a grada-
tion chart is shown on Figure 4. Coarse-grained soils having
less than 12 percent passing the no. 200 sieve require gradar
tion descriptions, i.e., weltl-graded, poorly-graded (uniform

oy gap-graded) .

18
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TABLE 12: GRAIN SIZE DEFINITIONS
(Ref L)

Grain Size
Term Cinches, or sieve #)

Boulders > 18 in.

Cobbles =18 in.

Gravel

Coarae 3/4=-3 in.
Fineg $#4-3/4 1in.
Sand
Coarse HI0-#4
Medium #40-#10
Fine #$E2QO~#40
FIGURE 3: TYPICAL SHAPES OF BUHKY GRAINS

Angular Subangular Subrounded Rounded

19



TABLE 13: GRARBATION CATEGORIES
(After Ref.l. 4

Gradation Term Description Example
(LSCE)

Well-graded Full range and even dis- Coarse to fine

(GEW, SW) tribution of grain sizes SAND with trace
present. s11t, SW

FPoor ly—graded Narrow vange of grain Fine to medium

(GP, SF) sizes present. SAand, 5P

Uniformly-graded Ceonsists predominantly of Clean fine

(GP, SR one graln size. SAND, SR

Gap-graded Within the range of grailin Fine SANMD with

(GP, 58 slzes present, one or GOME COar" S
Moy e Sizes are missing. gravel, P

Uniformity coefficients:

M {D )a
coo= L&O Cooe 30
C L S E e
DlO DiOxDéO
USCS Term % Passing tUniformity Coefficient
No . 200 Sieve Regquirements
S L 3% CH > & and Cr = 1 to 3
G L D% CH > 4 and CC =3 o 3

Mote: If 5 to 12% passes the No. 200 sieve, then use a dual
classification with the predominant fine-grained
constituent, 1.e., SW-5M, etc.




FIGURE 4: GRADATION CHART

(Ofter Ref.18,2:8)
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PER CENT COARSER BY WEIGHT

Cementation

Cementation is the bonding of grains by secondary minerals
C 5|

(e.g., calcite) or degradation products (e.g., clay). The

presence of calcium carbonate cementatlion can bhe detected By

ite reaction to hydrochloric acid. The relative degree of

cemnentation of undisturbed soil samples is defined in Table

TABLE 14: CRITERIA FOR DESCRIBING CEMENTATION

(Ref.4)

TERM

CRITERIA

Weale

Moderate

Strong

Crumbles or breaks with handling or
little finger pressure.

Crumbles or breaks with considerable
fingeyr pressure.

Will not crumble or break with finger
Pressure.

5y
s

Lo




Structure

Structural
fissures, seams,
relict rock
The thickness,
should be noted.

styucture.

TABLE 109:

featur

S LG

Trequency,

s inc lude
slickensides,
ture, voids (root or
ard

Table 13 presents

gtratifications,

striations,

inclination of these

criteria

CRITERIA FOR DESCRIBING

VarvVesy ](:'3]'\5&’%'53

hiocky structure,
worm holes, cavities).
features

foy descriiilng

STRUCTURE
(Ret ., 49

TERM

CRITERTA

Stratified

Laminated

Fissured

Slickensided

Blocky

Lensed

Homooeneous

Alternating layers

ar colov with lavers at least & mm
thick: note thickness.

Alternating layers of varying material
or colory with the layers less than

& mm thick; note thickness.

fontains shears oy gseparations along

plangs of weakness.

Shear planes appear
glossy, sometimes s

Cohesive soil that
into small angular
further breakdown.

Inclusion of small

ferent soils, such
clay:; note thicknes
Same color and appe

of varyving material

polished or
triated.

car be broken down
lumps which resist

pockets of dif-
as emall lenses of
=

arance throughout.




Fill Matevials

A1l spils should be examined to see 1 they contain foreign
materials indicative of man—-made fills. Nonstructural fills
are often a prablem in design. Man-made and other foreign
fill items should be listed in each of the scil descriptions.
Common man-made items include glass, brick, dimensloned
lumber, concrete, metal, plastics, plaster, stc. Other items
that could sugoest Ti11ll include buvied vegetation mats, tree
iimbs, stumps, etc. The soil description for a fiill materisl]
should be followed by the term "(Fill)", i1.e.; Tor a clavey
ailt Till with some brick fragments the description would be
"clavey SILT, ML, with brick fragments (Fiii)." The size and
diatribution of miscellaneous items should be noted. The
Timits {depth range) of fill materilial should be determined and

identified at each exploration location.

Other Constituents/Characteristios

Additional constituents and/or pertinent characteristics not
included in the previous categories should be described,
depending on the scope and objiectives of the project. Some of
these othey constituents/characteristics incliude the follow-

1mg s

LUnit Weight The total unit weight should be determined on
undisturbed scil samples, and may sometimes be detsrmined in-
situ. When the molsture content is determined, the dry wunit

weiaht should also be shown.

Sensitivity Sensitivity refers to the signifTicant loss of
strength when a fine-grained scil is remolded. A sensitive
w01l may be highly compressiblie, and the natural moilsture

content often 1s above its liguid lTimit. Bensitivity is a


https://SE?nc::;i.tivl.ty
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furnction of the primarvy structure of the scil, 1.e., dis-

persed, dense or floooulated; strength of grain hondings; and

water content. A measure of the sensitivity, St’

is the ratio

of the undisturbed, undrained shear strength to the remolded

shear strength, or:

Where Su =
S (undisturbed) g tundisturbed)
o L u _ u L
o) ‘t o = q u =
S (yamolded) o (remolded)
u u
I

The shear strengths can be determinsd by in situ

shear strength

uncont ined
compressive
strength

tests (vane

shear or less agcurately by Torvane and pocket penetromeber)

aor by laboratory tests (UU triaxial test or less accurately by

unconfined compression test). When 1t is noticed

in the field

that a fine-grained soil might be sensitive, 1t sheould be o0

noted on the fleld log as "potentially sensitive”.

Buality of Coarse—qrained Constituents Wherse the

predominantly coarse—grained, the nature and condition of

coarse grains should be described. For instance,

w01l i

the

the pasrent

rock tvpels), hardness (soft or hard) and weathering (fresh,

weathered, or decomposed).

rigin

The origin of the spill is generally interpreted based on a

krnowledge of geclogic site conditions and soil description. A

generic name for the soils origin may be provided
of the s0i1l description (in parentheses), such as
(Colluvium?), {(Terrvace deposit), (Decomposed Lrock
(Filly, etc. WKhere known, the formation mame may

at the end of the description.

-
7y
I

at the end
(AlLluvium?,
name 1)

be 1noiuded



ROCK CLASSIFICATION

Rock classification for englineering purposes consists of two
hasic assessments: that Tor intact character, such as a hand
speclimen or small fragmemty and in situ character, or engil-
nearing Teatuwres of rock masses (Ref.l1l):
Intact character: classification of the intact vock,
surh as hand specimens or core, 1s in terms of its or-—
igin, minevalogical makeup, texiure, and degree and
natuwe of chemical and physical weathering or altere-

tion.

In situ charactery classification of in-place rock

masses includes the nature and orientation of its con-
stituent interlocking blocks, plates, or wedges formed
by bounding discontinuifties such as bedding, foliation

planes, joints, shear planes, shear zones and Tawlts.

Both assessments are essential for design. Both characleris-
tics are the basis for rock slope desion and excavation and
many fTacets of rvock anchorage and beaving capacity determina-

tionsg.

Rock Name

Rocks are classically divided into three general categovies:

igneous, sedimentary and mebtamorphic.

Ignecus vocks are classified based on mineralogy and genstic
cccurrence {(intrusive or exxtrusivel). Textwe is the most

conspilcuous feature of genetlic ouocurvrence.

Sedimentary rocks are classified on the basis of grain size,

mineralogy and on the relationship between grains.

U
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erally theilr

The complete

include texture

written

cOommon

The mpst consplcuocus

name of

and

i simple geologic terms.

in capital

features

a rock

letters.

structural features,

lithologic namea.

The

spedimen

ok

of metamorphic

rocks

are gens

especially foliation.

Or rock
The

mamez

unit
Ok

should

ashouwld

name should bhe

be completely

The following tables present

rock names and theiv characteristics.
TARBLE 1é6: COMMON (G6NETS ROCKS
(Red .9
Common

Intrusive
(cnarse-grained)

Fessential
Minerals

Arcessory
Minerals

Extyusive
(fine-grained:)

Gyranmite

Guartz
K—~-feldspar

Plagioclase
Mica
Amphibole
FPyraxens

Rhyolite

Dicrite

Flagioclase

Mica
Amphibole
Pyroxene

Andesite

Gabbhro

Flagiecclase
Fyraoxens

Amphibole

Hasalt




TABILLE

17 IGNEDUS ROCK TEXTURES

(Rt .9

Texture

Grain Size

Rock Type

Pegmatitic Very large: diameters measured Intrusive
in inches or feet. Wide range

0f sizes.

Fhaneritic

fphanitic

Cart be

Cannot be

seen with naked eve

Intrusive or
Extrusive

seen with naked pye

Extrusive or
Intrusive

blassy

No grains

present

Extrusive

Porphyritic

Grains
silzes

of two widely different

Intrusive andg

Extrusive

TABLE 18: PYROCLASTIC ROCKS

(OFLer Ref.,2)

ROCK NAME

CHARACTERISTICS

Cinders

Uncemented glassy and vesicular
G432 mm size

slecta

Tuff Breccia
(agglomerate)

Composed of ejecta >32 mm size,
matrix, indurated

in ash/tuff

Lapilli Tuff

Composed of ejecta 4-32 mm size,

matyix, indurated

in ash/tuff

Tuff

Cemented volocanic
indurated

ash particies

<homm slze,

FPumice

Excessively vesiculated aglassy lava

n
~1



TABLE 19:

COMMON SEDIMENTARY RHOCKS

A. Mechanical Sedimentary Rocks

Rock Name

Original Sediment

Conglomerate

Gravel, or sand and gravel

Sandstone

Sand

Hiltstone

Silt

Claystone

Clay

Mudstone

S5ilt, clay, possibly with sand
and/oy gravel inclusions,
nonoriented

Shale
{lamirated

claystone/siltstong)

hriented, laminated, fissile.
clay and silt

B. Chemical Sedimentary Rocks

Rock Name

Main Mineral

LLimestone

Calcite

Dolomite

Dolomite

Chert

RQuartz

A omoditier may be necessary to

formed from combination of

Yuilty SANDGTONE!

[

graing with a lesser amount of

is only necessary when the mod:

CANCE The term mudstone cowuld

is

of the sedimentary ook

des

different

would be predominantly composed

silt
Taer

b

unceytain

=8

vibhe a sedimentary vock
apil types, l.e., &
of sand
grains., This distinction

has engingering sianifi-

used when the composition

or variable.



TABLE

220

COMMON METAMORPHIC ROCKS

(AT ter Ref.9)

A. Foliated Metamorphic Rocks

Rocik Name Texture Formed From Main Minerals
Slate Platy, fine-gralned! Shale Mica, guartsz

Schist

Gnelss

Irregular layers,
medium—gralined

Slate,

igneous rocks

Mica, quariz,
feldspar,
amphibole

Layered,
coarse-gralned

Igneous rocks,
schist,
sandstone

Mica, quartz,
feldespar,
amphibole

B. Nonfoliated Metamorphic Rocks

Rock MName

Texture

Formed From

Main Minerals

Marhle

Crystalline

Limestone,
dolomite

Calcite
dolomite

Ruartzite

Crystalline

Sandstons

Buaytz

Serpentinite

Massive to
fine to
grained

lavered,
coarse—

Ultramafic
Focks, 1.8,
peridetite,
gabbro

Serpent ine

29




Vesicularity Vesilcles in volcanic

due to gas
other rocks

other terms

b

3

ubbles in molbten lava.

(2.Q., Intergranular

sueh as porosity (&,

The occurvence of vesicles are to

-

[

Comparison Ohart (Figure D)

ocoupted by vesicles and

FIGURE

1%

to estimate relative percant

HEa

Gws

e

rocks are

Cavities or openings

ce) should be

PoYouUs

rounded

cavitbles

i

described

sandstone’ .

reported using the

the designations

ivy Tabhle

21,

S5:  REGREE OF VESICULARITY COMPARISON CHART

{PERCENT

20%

TABLE 21 DEGREE

oF

BY MOLUMES

{(Ref.19)

30%

VESIE

NARITY

Term

FPercentage (by volume)

of

Total

Sample

Some Vesicles
Highly Vesicular

QUOoTiaceaus

30
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Color

Rock color is not in itseld a speciflc engineering propeviy,
but may be an indicator of the 1nfluernce of other significant
conditions such as groundwater (e.g., mottling indicating
wet/dry cveles), and alteration/wesathering. Color may also be

an aild 1n subsurTtTace corvelation.

The color should be determined from fresh samples. Descyibe
the "net"” color of the rock mass. Wetting the rock sample may
be necessary 1T drying has ococurved. Use common colors (suoh
as white, vellow, red, bGrown, green, gray, blue, or black)
berause they are DRasic and easier for others to identify. For
variatlions use hyphenated combinations such as red-bDrown. M e:
not wuse "ish', oy unusual colors. Faor sxample: instead of
tuwrguolise or agua, use green—blue or blue—-green, respectively,

fAavoid listing more than two colorvs.

Degres of Weathering

Weathering and alteration should be described as part of the
rock classifTication. Weathering is the preocess of mechanical
and/or chemical breakdown of vyocks through exposure to the
elements, which include rain, wind, plant action, aroundwater,
ice, and changes of temperature. I general, the strangth of
rock tends to decrease as the degree of weathering increases.
In the earliest sltages, weathering i1s manifested by discolor-
ation of intact vocock and only slight changes in rock texture.
With time, significant changes in rock hardness, strength,
compressibility and permeability occuwr, and the roock mass is
altered until the rock is decomposed to soil. For determining
stages of weather:ing for vock, wse Table 22, Scals of Relative
Rock Weathering. For example, a basalt that is more tham 50
peyvocent decomposed (but not completely) would be described as:
"BASALT predominantly decomposed." The degree of weabthering
should be determined for each vock cove sample;: multiple

designations would be requived Tor variable vock conditions.

i



in select cases, the term alteration may bDe used, which applies
sperifically to changes in the chemical or mineral composition
of rock due to hydroathermal or metamovphic activity. Alteration
may occur as zones and pockets and can be found at depths Tar
helow that of normal rock weathering. Separate the terms
weathering and alteration, since alteration does not strictly
infer a reduction in rock strength. For example, a gray basalt
that is cleosely Jjointed with extensive hydrothermal alteration
and secondary mineralization, may exhiblt only slight weathering
ajong Jjoint surtaces and would be described as: "BASALT: gravyy
slightly weathered: close jointed; extensive hydrothermal

alteration with secondary mineralizabtion”.

TABLE 22: SCALE OF RELATIVE HOCK WEATHERING
(Modified, After Ref.d,11)

Designation Field Identification

Freash Crystals are bright. Discontinuities
may show some minoy surface staining.
No discoloration in rock fTabric.

Slightly Rock mass 1s genervally fresh. Discon-
Weathered tinuitties are stained and may contain

clay. Some discoloration in rvook
fabric. Decomposition extends up to
1 inch into rock.

Moderaltely Rock mass is decomposed D0% or less.
Weathered Significant portions of rock show

discoloration and weathering effects.
Crystals are dull and show visible
chemical alteration. Discontinulties
are stained and may contain secondary
mineral deposits.

Predominantly Rock mass 1s more than 30% decomposed.

Decomposed Rock can be excavated with geologist's
pick. All discontinuities exhibit
secondary mineralization. Completes
discoleration of rock fabric. Sur-
face of core is friable and usually
pitted due to washing out of highly
altered minerals by driiling water.

Decomposed Roclk mass is completely decomposed.
Original rock "fabric" may be evident,
May be reduced to s0il with hand
pressure.

Bt
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Helative Hardness of Rook

Differentiating between rock and soll. for engineering pur-
poses, is based primariiy on values of unconfined compressive
strength. Reck hardness is a measure of rock strength, and is
controlled by many factors including degree of induration,
cementation, crystal bonding, and/or degree of weathering.
Determination of rock hardness may be estimated through manual
field tests yielding a "field classification”", which can be
refined through further field and laboratory testing. The
scale of rock hardness to be used is presented on Table 23.
The relative hardness of rock should be determined for each
rock core sample: multiple designations would be regulred tor
variable rocok conditions, such as changes 1n weatheyring and

Joint fiiling.

TABLE 23: SCALE OF RELATIVE ROCK HARDNESSH
(Modified, After Hef.3,12,17)

Hardness Field Approximate Unconf ined
Term Designation Identification Compressive Strength
Extremely Soft RO Can be indented with difficulty <100 psi
by thumbnail. May be moldable
or fyiable with finger pressure.
Very Soft R1 Crumbles under firm blows with 1CG0--1000 psi
point of a geology pick. Can be
peeled by a pocket knife.
Scratcoched with finger nall.
Saft R Can be peeled by a pocket knife 10004000 psi
with difficulty. Carnot be
scratched with fingernail.
Shallow indentation made by
firm blow of geclogy pick.
Medium Hard R3 Can be scratched by knife or 400G~-8000 poi
plick. Specimen can be fractured
with a single firm blow of
frammer/geclogy pick.
Heavd R Can be scratched with knife BO00-1&6000 psi
oY plick only with difficulty.
Several hard hammer bDlows
required to fracture specimen.
Very Hard RES Camiot be scratched by knife > 16000 pwi
or sharp pick. Specimen requires
many blows of hammer to fracture
oy chip. Hammer rebounds after impact.

L2
L



Structure

Structure refers to large-scale (megascopic! planar

ed f

patures which are significant to the overal

or orient-

1 strength,

ermeability, and hreakage characieristics of the yoock wunitb,
P : g

Planar stiructural features include joints, bedd

Taul

structural features include mineral/grain orientation
folil

or ¥

Joints Planar breaks or fractures in ool along which

defi

ing, and

ts. These terms are defined below. Othey orisnted

atieon, flow banding and folded originally p

oot holes.

lanar

(i.e.,

Teatures)

ment has occurred paraliel to the fracture surface are

ned as joints. They may range from perpendicular

parallel in ovientation with respect to bedding

patterns of more or less parallel joints is cal

sel.

Two or more joint sets or a pattern of Jo

m. The number of joint sels 1s most

obtalned from rock exposures.

Gtratifi

cakil

changes In texture, composition, age or unmigue

appl

ies primarily o sedimentary and pyroclastic

Lo

- T Repetitive

led a

ints defing &

reliabty

ehy) Stratification of rock is evidenced

forms.

ook

by
Bedding

%o Obher

terms related to stratificaetion are defined in Table 24.
TABLE 24« STRATIFICATION TERMS
TERM CHARACTERISTICS

laminations thin bheds (< 1 ocm.

fissile tendency to break along laminations

sCale

parting tendency to break parallel to bedding, any

foliation non—depositional;, e.g., segregation
lavering of minerals in metamorphic

and
Y OCis
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Joeint or Bedding Spacing

tances between individual Joints

to distinguish between joints and

caused by handling or driltling.

breaks are typically rouagh and

surtface and are disvregavded for
3

Dreaks, though,

goocw” along existing joints or

described asccordingly.

Tabhle 23.

TABLE JOINT

Habi g

In determining
or beds,
mecharnical
These
irregular,
description.
may e caused by bhandling or
fractures,

Joint//edding

AND  BEDDING

tha range of dig—

care mnust be

that

hreasks

tvpes of mechanical

showing a fresh

Some

drilling, but

and shoulid be

apacing 1s based on

SPACING TERMS

(After Ref. 3, 12,

Joint spacing
Spacing Terms

Bedding/Foliation

Spacing Terms

Less than 2 1in. Very close

Very thin {(laminated:

i,

2 in. — 1 Close

Thin

1 ft. - 3 ft. Moderately close

Medium

talken

ST R

ook

mechanical

i

3 ft. -

10 L. Wide

Thick

10 11,

More than Very wide

Very thick

{massive)

Planar breaks

or fractures,
has occurred pavallel fo
faults.

offaet,

The presence of gouge

and/ov slickensided

clay coating), may be indicators of

not all slickensides are caused by

e caused by deformation (1.e.,

35

along which
the fracture
(pulverized
surtfaces

fault
faulting:

folds,

surface are
rock), bedding
(commorily with
movement .
slickensides

fFlows) or landsiidl

termed as

Mmaneral

displacemnent

oy

However ,
AT

LR TN



pttitude The inclination of a joint, fault, or bedding plane
or other linear feature is measured from horizontal. Figure &
presents joint features that should be identified/measured.
The angle that striations {(slickensides’ make with a horizon-

tal line is known as the "rake'", as shown on Flgure &.

FIGURE &: MEASUREMENT OF JOINTS
(After Ref.13)

INCLINATION RAKE

\ v
e

TRACE Q?w————ﬂ——wi\
JOINT PLANE

9

\“*—“— G059 RAKE

Sl ORERNS TS

HQP JOINT
TMCL TNATTON

Strike and dip of joint and bedding planes are usually
measured in test pits or on outcrops, since core obhtained in
most drilling operations will not be properly oriented. Joint
andg bedding planes should be described in ferms of orientation,
i.e., strike and dip. Primary and secondary joint sets should
he defined where possible and appropriate. Typically in rock,
one joint set may yield slabs, two intersecting joint sets may
vield wedges, and three or more intersecting Jjoint sets may

vield blocks or highly fragmented rock.

36



Separation The separation or relative operess of joints may

e described as

&) gpen, an existing planar surface that is separated or
separates easily when handled, and may have
mineralization or staining/weathering on the joint
surfaces. kWhere measurable, identify the opening width
{anartures) . Open joinlts are possible groundwater

drainage paths.

D) glosed, an existing planar swuwface that separates
with greater difficulty, seen as a "hairvline” trace on
the outside of the sample/core, and uwuswually does not

have soll or mineral surface coating.

o) healed., breaks open easily oy with difficulty, seen
glither as a hairline trace or seam of some fhickness on
the outside of the samplescore, and wusually contains

5011 or minerals as a Filling between joint surfTaces.

This term refers to the material in the space belween
adjacrent surfaces of a discontinuity. The Tilling material
may consist of weathered or hydrothermally alteresd products,
secondary mingral precipitates, mylonite or gouge. The
material description and thickness of the fililing material

should be reported.

27
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Continmiity Continuity is an expression of the lateral exten—
sign of the discontinuity, as measured or projected along its
styike and dip. Continuity is & very important property of
the rock mass, as a single continuous joint may actually
control the behavior of the entirve mass. Whether or not
joints are continuods may require test pit, outcrop, or
additional bhorehole information for confirmation. Descyription
of joint continuity, as defined in Table 26, should include an

indication of certainty and the method of observation.

TABLE 26: DEGREE OF CONTINUITY
(Ref .12

Term Length

Discontinuous O - B ft.

Slightly continuous Do 10 fh.

Continuous 10 - 40 ft.
Highly continuous Y40 i,

Core Recovery and Rock RBuality Designation (RED)

Core recovery and the Rock Guality Designation are measured
indicators of the quality and structuwe of rock. Hoth the
percent cove recovery and the RRED showld be determined and
recaorded on the field boring log for each core run. The core
recovery is calculated by dividing the length of core retained
(recovered) in the core barrel by the total run length expressed

as a percent.

38



The RAD provides a subljective estimate of vocock mass quality/

structure. The ROD is a modified core recovery perocentage in

which only pieces of intact roc
length are measured (average le
considered to be the result of

weatherang in the rock mass, an
the RED determination. The RAD
total length of all pieces 4 in
the total run length, expressed
hirgpaks,y such as caused hy handl

noted as such arnd neot 1nciuded

5, where significan

k core
riggth) .
close
d are
is de
ches |1
AS &
g or

iy the

t o wnil

percentage.

4 inches or greater in

The smaller

pleces are

Jointing, fractuwring or

therefore excl

fined as the «©

Gng or longer

uded fyrom
umill ative

divided by

Mechanical

cirilling, should be

RED calculati

QNS .

g encaountered at one

end of the core run, the RAOD should be determined on the basis

of yock core length recovered:

e clearly defined., RUD 1s not
such as shales. Difficulties «
frachures In the rock core fyom
insensitivity of the READ to the
may Limit the wuse of the RED in

perties.

3ther Rock Charvacteriasticos

Other physical characteristics

on the scope and objectives of

the fellowing:

where
appli

ueh as

mechanical bhyeaks

this is done

11 oehould

cable to fisslle rocks

distinguishing natural

tightness of indivi

evaluating in situ

should

be described,

the project. These

and the

dual joints

ook pro-

depending

may include

Mineralization Secondary mineralization is the introduction

of new minerals to a rock Mmass
through alteration of existing

oocour 1n volds, along Jjoints oy

from an outside souwr

MinNera

ce, or

ls. Mineralization may

wWwithin the ground mass.
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Iron-oxide staining usuaslly indicastes the static groundwater
level may fluctuate within the discolored zone. The iron
oxide may only be a discoleoration of surfaces, or an acoumu-
lation of bright orange material several inches thick and
varying in herdness.  Sultide or carbonate minerals, such as
pyrite or calcite, may bhe present and ccoculd dencte groundwalter
af high mineral or bicarbonate content. Alteration prodoucts
may indicate an increaese in hardness/brittleness (1.8,
silicification, usually due to hydrothermal alteration), or
veduction of rock strength if soft clay minerals have devel-

oped along Joints or replaced major constituent minevrals

(2.¢., the feldspar ocrystals in basalt altered to clay).
Slakivng The tendency for vocock to disintegrate under condi-
tiens of wetting and dryving, or when exposed to air is called
slaking.  This behavior is velated primavily toe the chemioal
composition of the material. It may be identified in the
fFiwld ¥ samples shrink and crack, or otherwise degrade upon
drying, or being exposed to the air for several hours. I
degradation oococwrs, and slaking is suspected, an alv-dried
sample may be placed in clean water to observe a reaction.
The greater the tendency fov slaking, the more rapidly degra-
dation will ococur., This tendency should be expressed on field
logs as "potentilal for slaking”, and can be confirmed fhrough

laboratory testing.

HWeighit  The unit weight of rock can bhe imporiant

in enginegering design and practice. The wunit
welght can be deltermined by performing a field bulk specific
gravity test and multiplying by the unit weight of water to
get the rock unlt weight. The procedure consists of weighing

the sample 1n air (B! and then weighing it in water ().

field unit weight = ® (&2.4), 1bs. per. cu. T,

40
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Riscontinuity Surface Condition If applicaebklie to the project,

the joint/fault surfaces should be inspected and the surface
condition described. Joint surface voughness can be defined
in terms of a Joint Roughness Coefficient (JRC), which re-
quires estimation or measurement of the surface unevenNness,
i.e., rough or smooth undulating, rough or smooth nearty
planar, The JRC should be determined In the direction of
anticipated block movement. Swface roughness 1s best deter-
mined on in-place discontinuities rather than core samples.

For further detail, see References 3, &, and 13.

Vaoids Open spaces in sedimentary and metamerphic yvook are

generally caused by chemical dissolution or the action of
running water. Sivce most of these voids result from the
action of groundwater, the openings are usually slongate In
the horizontal plane. The aize of wvoilds, where significant,

shpuld be measured and recorded with the rock classification.

Formation Name

Yarious rock units are genevally krnown by formational names
{i.e., Columbia River Basalt Formation, Astoria Formaetion,
Umpoua Formation) and can be ldentified within project bound-
aries by examination of core samples, rock ouicrops, and
genlogic literature. Where the formation name is known, 1f
should be included at the end of the rock classification (in

parantheses) .

1



SOILS aND GEOLOGIC EXPLORATION LOG

General

A "Boils and Geological Exploration llog” should be made for
each exploratory boring, hand—-auger hole, probe hole and test
pit. The log can alsc be used to describe inspected cutl
5lOpes. Information provided on the final logs should be
elther typed or nealtly printed so thet legible ceples can be
made . Soil and rock descriptions/classifications and term-
inslogy should be consistent with this manual. Abbreviations
are to be avoided unless thay are defined in this manual.

Sample descripltlions are shown on pages 4303 throough 48,

The logs should centaln basic refsrence information at the
top, including project name, purpose, specific lecation and
elevation, explovration bole number, date, drilling equipment,
procedures, drilling fluid, etc. Each sample should be fTully
described. Referencing a previous sample i1 net recommended
since rargly arg any two samples itdentical. The depth of sach
stratum contact, discontinuity, and lens should be recorded.
The reason for explovatory hole termination and & list/des-
cription of instrumentation installed should be written at the

gnd (bottom) of sach expleoration log.

Field lLog

The field Jog is a vecord which should contain all of the
information obtained from an exploratory hole whether or not
1t may seem impoytant at the time of exploration. It s
important to vecord all information in an acocurate manner. ATl
s0i) 1 and rock samples are to be fully described Immediately on
TRCOVET Y. Depths of samples, top and bottom of each stratum/

laver, discontinuities, flield tests, and groundwater levellis)

G2
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should be measured to the nearest O.Jl-Toot. The depihi{s) of
drilling stoppage and date/time (il.e., end of shift)y sehould be

recnrded.

ritling Remarks

The material that is not recovered s fregusntly significant
in the design of foundations, excavations, performance of
fills, and other geotechnical designs. Subsurface conditions
are not alwavs fully described by depending solely on material
descriptions. Therefore, any comments with regard to the
character of drilling and difficulties encountered while
advancing the boring should be included on the explovation
tog. Drilling remarks may include:s

. chetructions

 difficulties in drilling (Caving., surging sands, Ccaverns,
etc.)

- wetimated percent water retwn and applied water pressure
. color of water return
- return watey constituents

- reglative drilling down-pressure and exact depth of maljor
Nressure changes

- drilling action, i.e. drill chatter, smooth, bouncy, efc.
. Tength of time for each cove run
- explanation for incomplete vecoveyries (5P7, Shelby, Core)

- artesian water pressure or elevation head, and depth where
encounteread

«  yeasons for using drililing muds, casing, or special dyill
bits

a3



Final bLog

The fFinal log is prepared from the field log after completing
routine laboratory tests (such as moisture contents and check
classifications) and comparing with other exploration vecords
for the same project. The final log includes descriptions of
all materials, comnditions, drilling remarks, and results of
field tests and any instrumentation. Where groundwater
observaltion wells or piezometers are installed, several
measwrenents are uswally necessary following drilling to
verifty that measwred groundwaler levels or pregssures have
achieved esguilibrium. For instance, 1 dril) water s used in
Fine-grained solls, and the sxploratory hole is not balled,
then the observation well levels will bBe initially high,
diropping with time Lo the actual groundwater level. it is
desirable that final logs include measurements of groundwater
levels during winter and summer months in order o establish

the range of groundwater fluctuation.

ﬂ;. (f.’,



Hole No T’B 87 -/ Page 2 of 2 .
- Material Description
; T - g,t; g:}';-’ S ] Colar Wet-Dry
:' %’gb’ g ‘zr\éb < E ég Consistency Jointed-Broken
2 lng. Driving gal & O [ 2% Plasticity Angular-Rounded
a 4 f-"g Resistance % & & < 15 B § QOrganic Content Drilt Remarks .etc.
22 C-] 201491 (C-1) 22’ - 27’
i NIA W 22«2 Recovered /127 consisting ofF
- G coqraz gravel and TWo cobble sized Core
. brecas eqch 47 long, Infersret material
) ee To ke same G2 recovered I N4, |
NO 3T 2627 j2"  precoVeryY. TR, glilow -
100 | ¥ brown |, Fredomingtely decomposed,
i Extramely “soft, Mazsive (Liftle Butte
F Series ) .
i 77
27 |C-2 1 500 co | Rr] (c-2) 27 - 827
i | oo |4 AGCLOMERATE | Blie- brown [ Moderarely
i 16 weathered | Very ot Massive (Littfe
3 G Butte Series ).
£
22 C-3 Bo'ljoo |RZ 1 (¢-3) 32'- 37’
100 v AGGLOMERATE |, Bite - brown  Mederaiely
) £ wearhered , Soft, NMasslve, (LiTTe
P Butte Series ), ‘
5714 507760 k374 ) 57 -4z
i Toa| T ACGLOMERATE | YelloW - browr), Slighrly
i TE Wwearhered | Medidrm hard | Massive,
] n (Litte Butte Series ).,

End of hole. al 427 Role fermingred

drfer /5 reef of COre FecoVery. Fole wie

bailed upon Completion, A Bla - inch skand~

pipe plezomefalr tube Was installed o

Foffom of fole, Slotled fram 14 fo ab’

wWith a TWo-tfool kentonite Seal from

(=181 Back¥ilied deove and helow

Zeal with cleqn coarse sandg« A onc-foof

bentonite seal placed ar <ojlar,

46




SAMPLE

5’05;% Page / of 2
iy SOILS AND GEOLOGICAL EXPLORATION LOG
HIGHWAY DIVISION
Project Bdffle Creek Bypoass . Hote No. TE 871~/
Highway Froheelr Express (/2) MP 75 [county LGHE Prefix  COOO ~ [ 400
Purposeof Work  Briclas  Replgcemenit ‘Bridge No.  f34hi /
Equipment” Moplle T E 8o CRETT - &0F ) TubeElev. /82 &
Geologist Rocky Hammer loriler  CUnly Adger Recorder (&S Wop
Hole Location /[, Line, Sta, [/ + BE Lt, /2! C.l. Rt, Ground Elev. |79 &
Tests Drilling Method Groundwater Leve!
"N — Standard Penetration, No. 4 Auger Depth Date Depth
"M’ — Oregon Miniature Pile, No. HEOW L Casing Depth 8-/2 - &6 /5.0
“C" — Core, Barrel Type H@WL ‘No. 4 OpenDepth 42 B8-12-86 16,37
“U” — Undisturbed Sample, Size No. / Total Depth 42/ -
Date Started & - /2 - 8¢5 |Date Completed & « /2 - &5 |Sample Data Sheet No. A = 0000
o Material Description
§ 5 3 ® r -Dr
:: § g § ,éb{ig g § g gg::istency ‘Yt\i?:!tngBroken
ﬁ - Driving 82 F %Q_ -3 5%’ Plasticity Angular-Rounded
a R Resistance %’ & 2 asig=s Organic Content Drill Remarks etc.
O-5" gadvanced HQ W, L., dri]] gcFlon
6moo%h-90}/i Wagrer refuhn - grey
5= (892 MH (l~1) 577 )
clgyey SILT With come fine sand andd
] SoOmeS” organics, M, Grey, Maslidm
) plasticiTy, Wet, Soﬁ“ Jorvane
ol - 25 TSE (AN,
701 | 2-3~4<7 V&S s IN-1) 72"
Sty CLAY, CH,_Grey Hiah plashicity,
cH Wat: Medidm Sttt (AL ),
oil | 7-/10" advanced casing. Smesth drllling,
o2 E-5- &7 |20'ieo BT (N-2) [0-]27
1 Clayey SILT. MH, Brown - grey, Medium
ik plaskicily Wet SFIF © (Al )
1 /12~ 18" Gedvanced casing , Smosth drilling,
2.5 Lost drill watrer retfurn”™ at /2,57,
(8 N-31 &6-8~2-/g 205160 (N-2) 15'-17!
i SAND, 5F, Pdle Prown, Nen-plesctic, Wet,
i se| | pesium dc?nese Fine ﬁc:md erh J<treh
i laver oOf c/a,/ay st dF /f"
i ol | [1- 20" advanced casing. emcotls arilliig
‘ 1o |81, Drill_ botincing /8-70°,
20 | N-4 14 - Bolog' 08|25 (N~4) 2022
Sandy GRAVEL With some cobpiés
) GW, Grey. Wet, Codgree sand 7o 47
GW[ Cobéfﬁé 7 A!/U\xfum) SPT bolncing on
Cobb/ﬁ '
- T Tnetall coré barre] afF 90"

734-3976 (REV. 12-82}




s DERg,
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& 7{:: %,
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SAMPLE

SOILS AND GEOLOGICAL EXPLORATION LOG

HIGHWAY DIVISION

Project

Realiegh - Old Tooth Rd.

Hole No. TE 8%~/

Highway

Mountain Fass (482, Me 57

I County Kc?p/@/"?

Prefix COOO- 1200

Purpose of Work A/GRIWGY Re alighmehi

Bridge No.

Equipment

Mobile B 53, 3 84-/29

TubeElev. A2/G7

Geologist

G RUNYGH

Todter J. Smith

Recorder M Jores

Hole Location

Lo Line, Sta. 458 + 26

C.L. Rt. SO Ground Elev. <2 [<}'

cdz =z

Tests

" — Standard Penetration,
" — Qregon Miniature Pile,
" —Core, Barrel Type

No.

6“ Hollow SFemauger Depth

Groundwater Level

Criliing Method ;
o5 Date Depth

No.

HOWL.

Casing Depth [~ [0 = BE 2,57

" — Undisturhed Sample, Size

No.

No. 5

Dritling FIu7cl OpenDepth 57
WATER

G- 2 -85 7,01
jO 20 BE 70!

Total Depth 224,15/

Date Started

[©~7 -85

Date Completed JO-8 w5

Sample Data Sheet No.

Depth, fi.
Test
Type

No.

Driving
Resistance

Measured
Recovery,

k)
S/
Ly
%
A

Q

o5 Recovery

oy

Graphic Log

% Natural
Moisture

Material Description

Color Wet-Dry
Consistency Jointed-Broken
Plasticity Angutar-Rounded
QOrganic Content Drili Remarks etc.

Top 3 fee)” of soil removed for acdess

rogd. Clayey SILT, ML Brown, Low

plasticity Molst (Decomposed Basalt),

Advanced dilger to 8.5,

Drill cction smooth.

3.5~/

[0 -3~ 27

lol=}

e

(N-1) 8.5~ 50!

Clayey SILT with frace fine sand, ML,

Brown , Low_plasticity, Damp, Hard,

(Decomposes Basall ),

A Brill _getion

Advanced dugelr fo 5 B!

5.5|N2

lz2-al-z22

N2 B BT~ 0]

Clayey SILT with Thacg fine Sand

and frace of coqrse gravel siag

subanglilar basqlt fragmehts, Mi., Browh,

Low _plasticity, Molst, Hard, (Pecomposad
Basalt ).

Acvancedd cuger 5, 57

Cicassiohc]  arill chatrar,

1o« 19 - 24

Ur

OO

Elo)

(NBY) 7B < 90!

Clayey SILT With seme fine saped and

Frace of fine grave] size angulor

lasalt fragments M., Grey- brow/l, Low

plasticity Moeis+ Hard, (Decomposed Basalt),

Advanced  quaer fo 9.5’

Ocaesional ol Chairer .

(NH) G5 BE!

No recovery . SPET holincing . Basall

~ T2

contacy (3!?(‘ DL ft

734-3976 (REV.

12-82)
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TE &85-/ 4 2

Hole No Page of .=
- Materiat Description

; o 5 c‘-"g’? L Color Wet-Dry

F o H k) L

& - :;',') e § ~Z§; O‘Q _;:"—’ % ::3 Cons.is‘tency Jointed-Broken

?’. g §o‘ Driving 8 § i n g 22 Piastac‘lty Anguiar-Rounded

=) -2 Resistance 2 R [CN Qrganic Content Drill Remarks etc,
} Insralled H.Q. WL, Fhrough hollow shem

auger. Begin coring at 867,
2.5[C- ] 5,0/0c /-3 (C-1) 85"~ |45
) _EO Basalt with trace of Vesicules, Brown -
i Gray, Mederatsly Weathshed  Medlium
i hard, Closely  jointed at 457 and 207
i JSoiits aqre open With Calcife on surfaces,
(Colymbia River Basalt).

(5] C-2 50)/001R-4 (C-2) (4.5 ~ (2.5
. /00 | BASALT With tracs of vesiciifes | Grey,
5 SHghtly Wearherad , Hard, Wieely jointed,
A ohe FE° OpsSn  joint ar 16,0 wWith Galelhe
3 on supface | (Columplq River Basail ),
19.5|C-3 5.0 /oo |R-4. (C-3) (98~ 24,5
R o0 BASALT WIFh frace of Vesjiclles, Grey,

Fresh, Pard, Widely  mpintac) with ons
45°¢ opgr joint al 20,47 (Coldmpia
Rivan Easqft ), ’

End of hole al 24.57 i el bsbw
propesed grade, One - inch oper
standpipe  piezomarer fube e falled
, o hottom of hole | shfles] From jo 7o
i 24 Feer With o 7wo - food benichite

. seal from 8 in JO fes), Bock{fiiled above
ang Below Sac] WITH clealn Codrae aand,
A one - fuct bentorte seal placed ol

48
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qm}, Designation: D 2487 - 85

Standard Test Method for
CLASSIFICATION OF SOILS

FOR ENGINEERING PURPOSES’

This standard is issued under the fixed designation D 2487; the number immediately following the designation indicaes the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsifon {¢) indicates an editorial change since the last revision or reapproval.

This test method has been approved for use by agencies of the Departmeni of Defense and for listing in the DOD fndex of Specifications

and Standards.

1. Scope

1.1 This test method describes a system for
classifying mineral and organo-minera} soils for
engincering purposes based on laboratory deter-
mination of particle-size characteristics, liquid
limit, and plasticity index and shall be used when
precise classification is required.

NoTe 1—Use of this standard will result in a single
classification group symbol and group name except
when a soil contains 5 to 12 % fines or when the plot
of the liquid limit and plasticity index values falls into
the crosshatched area of the plasticity chart. In these
two cases, a duat symbaol is used, for example, GP-GM,
CL-ML. When the laboratory test results indicate that
the soil is close to another soil classification group, the
berderline condition can be indicated with two symbols
separated by a stash. The first symbol should be the one
based on this standard, for example, CL/CH, GM/8M,
SC/CL. Borderline symbols are particularly useful
when the liquid limit value of clayey soils is close to
50. These soils can have expansive characteristics and
the use of a borderline symbaol (CL/CH, CH/CL} will
alert the user of the assigned classifications of expansive
potential.

1.2 The group symbol portion of this sytem is
based on laboratory tests performed on the por-
tion of a soil sample passing the 3-in, (75-mm)
sieve (see Specification E 11).

1.3 Asa classification system, this test method
15 limited to naturally occurring soils.

Note 2—The group names and symbols used in
this test method may be used as a deseriptive system

applied to such materials as shale, claystone, shells,
crushed rock, etc. See Appendix X2,

1.4 This test method is for gualitative appli-
cation only.

Note 3—When quantilative information is re-
quired for detailed designs of important structures, this
test method must be supplemented by laboratory tests
or other guantitative data to determine performance
characteristics under expecied fieid conditions.

1.5 The system is based on the widely recog-
nized Unified Soil Classification System which
was adopted by several U.S. Government agen-

. cies in 1952 as an outgrowth of the Airfield

Classification System developed by A. Casa-
grande.?

1.6 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purpert to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use.

2. Applicable Documents

2.1 ASTM Standards:

C 117 Test Method for Material Finer Than
75-um (No. 200) Sieve in Mineral Aggre-
gates by Washing®

C 136 Method for Sieve Analysis of Fine and
Coarse Aggregates’

C 702 Methods for Reducing Field Samples
of Aggregate to Testing Size?

D420 Recommended Practice for Investigat-
ing and Samptling Soil and Rock for Engi-
neering Purposes’

D421 Practice for Dry Preparation of Soil
Samples for Particle-Size Analysis and De-

' This test method is under the jurisdiction of ASTM Com-
mitlee D-18 on Soif and Rock and is the direct responsibility of
Subcommittee D18.07 on ldentification and Classification of
Soils.

Current ¢dition approved Oct. 25, 1985, Published December
1985. Originally published as D 2487 - 66 T. Last previous
edition I 2487 - 83.

* Casagrande, A., “Classification and ldentification of Soils,"
Transactions. ASCE, 1948, p, 901,

Y Annval Book of ASTM Standards, Vol 04.02.

4 Annual Bovk of ASTM Standurds, Vol 04.08.
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termination of Soil Constants*

D422 Method for Particle-Size Analysis of
Soils*

D653 Terms and Symbols Relating to Soil
and Rock?

D 1140 Test Method for Amount of Material
in Sois Finer than the No. 200 (75-um)
Sieve*

D2216 Method for Laboratory Determina-
tion of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures*

D2217 Practice for Wet Preparation of Soil
Samples for Particle-Size Analysis and De-
termination of Soil Constants®

> 2488 Practice for Description and Identifi-
cation of Soils (Visual-Mznual Procedure)?

D 4318 Test Method for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils*

E I! Specification for Wire-Cloth Sieves for
Testing Purposes®

3. Summary of Method

3.1 Asillustrated in Table 1, this classification
system identifies three major soil divisions:
coarse-grained soils, fine-grained soils, and highly
organic soils. These three divisions are further
subdivided into a total of 15 basic soil groups.

3.2 Based on the results of visual observations
and prescribed laboratory tests, a soil is cata-
logued according to the basic soil groups, as-
signed a group symbol(s) and name, and thereby
classified. The flow charts, Fig. | for fine-grained
soils, and Fig. 2 for coarse-grained soils, can be
used to assign the appropriate group symbol(s)
and name,

4. Significance and Use

4.1 This test method classifies soils from any
geographic location into categories representing
the results of prescribed laboratory tests 1o deter-
mine the particle-size characteristics, the liquid
limit, and the plasticity index.

4.2 The assigning of a group name and sym-
bol(s) along with the descriptive information re-
quired in Practice D 2488 can be used to describe
a soil to aid in the evaluation of its significant
properties for engineering use.

4.3 The various groupings of this classification
system have been devised to correlate in a general
way with the engineering behavior of soils. This
test method provides a useful first step in any
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field or laboratory investigation for geotechnical
ENgIneering purposes.

4.4 This test method may also be used as an
aid in training personnel in the use of Practice
D 2488,

S. Terminology

5.1 Definitions—FExcept as listed below, all
definitions are in accordance with Terms and
Symbeols D 653,

Note 4—For particles retained on a 3-in. (75-mm}
U.S. standard sicve, the following definitions are sug-
gested:

Cobbles—particles of rock that will pass a 12-in.
(300-mm) square opening and be retained on a 3-in,
{75-mm) U.8, standard sieve, and

Boulders—nparticles of rock that will not pass a 12-

in. (300-mmj} square opening

5.1.1 gravel—particles of rock that will pass a
3uin. (75-mm) sieve and be retained on a No. 4
(4.75-mm) U.S. standard sieve with the following
subdivisions:

Coarse—passes 3-in. (75-mm} sieve and re-

tained on ¥-in. (19-mm) sieve, and

Fine—passes ¥-in. (19-mm) sieve and re-

tained on No. 4 (4,75-mm) sieve.

5.1.2 sand—particles of rock that will pass a
No. 4 (4.75-mm) sieve and be retained on a No.
200 (75-um) U.S. standard sieve with the follow-
ing subdivisions:

Coarse—passes No. 4 (4.75-mm) sieve and

retained on No. 10 (2.00-mm) sieve,

Medium-—passes No. 10 (2.00-mm) sieve and

retained on No, 40 (425-pm) sieve, and

Fine—passes No. 40 (425-um) sieve and re-

tained on No. 200 (75-um) sieve.

5.1.3 clay—soil passing a No. 200 (75-um)
U.S. standard sieve that can be made to exhibit
plasticity (putty-like properties) within a range of
water contents and that exhibits considerable
strength when air dry. For classification, a clay is
a fine-grained soil, or the fine-grained portion of
a soil, with a plasticity index equal to or greater
than 4, and the plot of plasticity index versus
liquid himit falls on or above the “A”™ line.

5.1.4 silt—soil passing a No. 200 (75-um)
1.5, standard sieve that i1s nonplastic or very
slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is
a fine-grained soil, or the fine-grained portion of
a soil, with a plasticity index less than 4 or if the
plot of piasticity .index versus liquid limit falls
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below the “A” line.

5.1.5 organic clay—a clay with sufficient or-
ganic content to influence the soil properties. For
classification, an organic clay is a soil that would
be classified as a clay except that its liguid limit
value after oven drying is less than 75 % of its
liquid limit value before oven drying.

5.1.6 organic silt—a silt with sufficient or-
ganic content to influence the soil properties. For
classification, an organic silt is a soil that would
be classified as a silt except that its liquid limit
value after oven drying is less than 75 % of its
liquid limit value before oven drying.

5.1.7 peat—a soil composed of vegetable tis-
sue in various stages of decomposition usually
with an organic odor, a dark-brown to black
color, a spongy consistency, and a texture ranging
from fibrous to amorphous.

5.2 Descriptions of Terms Specific 1o This
Standard:

5.2.1 coefficient of curvature, Cc—the ratio
(D3)*/(Dyp X Dgy), where Dgy, Dy, and D)o are
the particle diameters corresponding to 60, 30,
and 10 % finer on the cumulative particle-size
distribution curve, respectively.

5.2.2 coefficient of uniformity, Cu—the ratio
Do/ Do, where Dy and D)o are the particle di-
ameters corresponding to 60 and 10 % finer on
the cumulative particle-size distribution curve,
respectively. )

6. Apparatus

6.1 In addition to the apparatus that may be
required for obtaining and preparing the samples
and conducting the prescribed laboratory tests, a
plasticity chart, similar to Fig. 3, and a cumula-
tive particle-size distribution curve, similar fo
Fig. 4, are required.

NoTE 5—The “U" line shown on Fig. 3 has been
empirically determined to be the approximate “upper
limit” for natural soils, It is a good check against

erroneous ¢ata, and any test results that plot above or
to the left of it should be verified.

7. Sampling

7.1 Samples shall be obtained and identified
in accordance with a method or methods, rec-
ommended in Recommended Practice D 420 or
by other accepted procedures.

7.2 For accurate identification, the minimum
amount of test sample required for this test
method will depend on which of the laboratory
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tests need to be performed. Where only the par-
ticle-size analysis of the sample is required, spec-
imens having the following minimum dry
weights are required;

Maximum Particle Size, Minimum Specimen Size,

Sieve Opening Dry Weight
4.75 mm (No. 4) 106 g (0.25 b}
935 mm (¥ in.) 200 (0.5 ity

19.0 mm (% in.) 1.0kg (2.21p)
38.1 m (1% in.) 8.0 kg (18 h)
75.0 mm (3 in.} 60.0 kg (132 Ib}

Whenever possible, the field samples should have
weights two to four times larger than shown.

7.3 When the liquid and plastic limit tests
must also be performed, additional material will
be required sufficient to provide 150 g to 200 g
of soil finer than the No. 40 (425-pum) sieve.

7.4 If the field sample or test specimen is
smaller than the minimum recommended
amount, the report shall include an approprate
remark.

8. Classification of Peat

8.1 A sample composed primarily of vegetable
tissue in various stages of decomposition and has
a fibrous to amorphous texture, a dark-brown o
black color, and an organic odor should be des-
ignated as a highly organic spil and shall be
classified as peat, PT, and not subjected to the
classification procedures described hereafter.

9. Preparation for Classification

9.1 Before a soil can be classified according to
this test method, generally the particle-size dis-
tribution of the minus 3-in. (75-mm) material
and the plasticity characteristics of the minus No,
40 {425-um) sieve material must be determined.
See 9.8 for the specific required tests.

9.2 The preparation of the soil specimen(s)
and the testing for particle-size distribution and
liquid Himit and plasticity index shall be in ac-
cordance with accepted standard procedures.
Two procedures for preparation of the soil spec-
imens for testing for soil classification purposes
are given in Appendixes X3 and X4. Appendix
X3 describes the wet preparation method and is
the preferred method for cohesive soils that have
never dried out and for organic soils.

9.3 When reporting soil classifications deter-
mined by this test method, the preparation and
test procedures used shall be reported or refer-
enced.
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9.4 Although the test procedure used in deter-
mining the particle-size distribution or other con-
siderations may require a hydrometer analysis of
the material, a hydrometer analysis is not neces-
sary for soil classification.

9.5 The percentage (hy dry weight) of any plus
3-in, (75-mm) material must be determined and
reported as auxiliary information.

9.6 The maximum particle size shall be deter-
mined {measured or estimated) and reported as
auxiliary information.

9.7 When the cumulative particle-size distri-
bution s required, a set of sieves shall be used
which include the following sizes (with the largest
size commensurate with the maximum particle
size) with other sieve sizes as needed or required
to define the particle-size distribution:

ein, (75-mm)
Ya-in.{19.0-mm)
No. 4 {4.75-mm)
No. 10 {2.00-mrs)
No. 40 {425-um)
No. 200 (75-um}

9.8 The tests required 10 be performed in
preparation for classification are as follows:

9.8.1 For soils estimated to contain less than
5 % fines, a plot of the cumulative particle-size
distribution curve of the fraction coarser than
the No. 200 (75-um) sieve is required. The cu-
mulative particle-size distribution curve may be
plotted on a graph similar to that shown in Fig.
4,

9.8.2 For soils estimated to contain 5 to 15 %
fines, a cumulative particie-size distribution
curve, as described in 9.8.1, is required, and the
liquid limit and plasticity index are required.

9.8.2.1 Ifsufficient material is not available to
determine the liquid limit and plasticity index,
the fines should be estimated to be either silty or
clayey using the procedures described in Practice
D 2488 and so noted in the report.

9.8.3 For soils estimated to contain 15 % or
more fines, a determination of the percent fines,
percent sand, and percent gravel is required, and
the liquid limit and plasticity index are required.
For soils estimated to contain 90 % fines or more,
the percent fines, percent sand, and percent
gravel may be estimated using the procedures
described in Practice D 2488 and so noted in the
report.

10. Preliminary Classification Procedure
10.1 Class the soil as finc-grained if 50 % or
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more by dry weight of the test specimen passes
the No, 200 (75-um) sieve and follow Section 11.

10.2 Class the soil as coarse-grained if more
than 50 % by dry weight of the test specimen is
retained on the No. 200 (75-um) sieve and follow
Section 12.

- 11, Procedure for Classification of Fine-Grained

Soeils (50 % or more by dry weight passing
the No. 200 (75-um) sieve)

11.1 The soil is an inorganic clay if the posi-
tton of the plasticity index versus hquid limit
plot, Fig. 3, falis on or above the “A” line, the
plasticity index is greater than 4, and the presence
of organic matter does not influence the liguid
limit as determined in 1].3.2.

11.5.1 Classify the soil as a lean clay, CL, if
the liguid limit is less than 50. Sce area identified
as CL on Fig. 3.

11.1.2 Classify the soil as a fat clay, CH, if the
liquid limit is 50 or greater. See area identified
as CH on Fig. 3.

NoTe 6—1In cases where the liquid limit exceeds 110
or the plasticity index exceeds 60, the piasticity chart
may be expanded by maintaining the same scale on
both axes and extending the “A™ line at the indicated
slope,

11.1.3 Classify the soil as a silty clay, CL-ML,
if the position of the plasticity index versus liquid
limit plot falls on or above the "A™ line and the
plasticity index is in the range of 4 to 7. See area
identified as CL-ML on Fig. 3.

11.2 The soil is an inorganic silt if the position
of the plasticity index versus liguid limit plot,
Fig. 3, falls below the “A™ line or the plasticity
index is less than 4, and presence of organic
matter does not influence the liquid limit as
determined in 11.3.2,

11.2.1 Classify the soil as a silr, ML, if the
liquid limit is less than 50. See area identified as
ML on Fig. 3.

1§.2.2 Classify the soil as an elastic silt, MH,
if the liquid limit is 50 or greater. See area
identified as MH on Fig. 3.

11.3 The soil is an organic silt or clay if or-
ganic matter is present in sufficient amounts to
influence the liquid limit as determined in 11.3.2.

11.3.1 If the soil has a dark color and an

- organic odor when moist and warm, a second

liquid ltmit test shall be performed on a test
specimen which has been oven dried at1 10+ 5°C
10 a constant weight, typically over night.
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11.3.2 The soil is an organic silt or organic
clay if the liquid limit after oven drying is less
than 75 % of the liquid limit of the original
specimen determined before oven drying (see
Procedure B of Practice D 2217),

11.3.3 Classify the soil as an organic silf or
organic clay, OL, if the liguid limit (not oven
dried) is less than 50 %. Classify the scil as an
organic silt, OL, if the plasticity index is less than
4, or the position of the plasticity index versus
liquid limit plot falls below the “A” line. Classify
the soil as an grganic clay, OL, if the plasticity
index is 4 or greater and the position of the
plasticity index versus liquid limit plot falls on
or above the “A” line. See area identified as OL
(or CL-ML) on Fig. 3.

11.3.4 Classify the soil as an organic clay or
organic silf, OH, if the liguid limit (nol oven
dried) is 50 or greater. Classify the soil as an
organic sili, OH, if the position of the plasticity
index versus liquid limit plot falls below the “A”
line, Classify the soil as an organic clay, OH, if
the position of the plasticity index versus liquid-
limit plot falls on or above the “A” line. See area
identified as OH on Fig. 3.

[1.4 If less than 30 % but 15 % or more of
the test specimen is retained on the No. 200 (75-
pum) sieve, the words “with sand” or “with gravel”
(whichever is predominant) shall be added to the
group name. For example, lean clay with sand,
CL; silt with gravel, ML. If the percent of sand is
equal to the percent of gravel, use “with sand.”

11.5 If 30 % or more of the test specimen 1s
retained on the No. 200 (75-um) sieve, the words
“sandy” or “gravelly” shall be added to the group
name. Add the word “sandy™ if 30 % or more of
the test specimen is retained on the No. 200 (75-
um) sieve and the coarse-grained portion is pre-
dominantly sand. Add the word “gravelly” if
30 % or more of the test specimen is retained on
the No. 200 (75-um) sieve and the coarse-grained
portion is predominantly gravel. For example,
sandy lean clay, CL; gravelly fat clay, CH, sandy
silt, ML. If the percent of sand is equal to the
percent of gravel, use “sandy.”

12. Procedure for Classification of Coarse-
Grained Soils (more than 50 % retained on
the No. 200 (75-um} sieve)

12.1 Class the soil as gravel if more than 50 %
of the coarse fraction [plus No. 200 (75-um)
sieve] is retained on the No. 4 (4.75-mm) sieve.
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12.2 Class the soil as sand if 50 % or more of

- the coarse fraction [plus No. 200 (75-um) sieve]

passes the No. 4 (4.75-mm)} sieve.

12.3 If 12 % or less of the test specimen passes
the No. 200 (75-um) sieve, piot the cumulative,
particle-size distribution, Fig. 4, and compute the
coefficient of uniformity, Cu, and coefficient of
curvature, Cc, as given in Eqs 1 and 2.

Cu = Dgo/Dp [}
Ce = (D) /(D10 X Dgo) {2)

where:

Dyo, Dag, and Dy = the particle-size diameters
corresponding to 10, 30, and 60 %, respectively,
passing on the cumulative particle-size distribu-
tion curve, Fig. 4.

Note 7—It may be necessary to extrapolate the
curve 1o obtain the Dy, diameter.

12.3.1 If less than 5 % of the test specimen
passes the No. 200 (75-pm) sieve, classify the soil
as a well-graded gravel, GW, or well-graded sand,
SW, if Cu is greater than 4.0 for gravel or greater
than 6.0 for sand, and Cc is at least 1.0 but not
more than 3.0.

12.3.2 If less than 5 % of the test specimen
passes the No. 200 {75-um) sieve, classify the soil
as poorly graded gravel, GP, or poorly graded
sand, SP, if either the Cu or the Cc critena for
well-graded soils are not satisfied.

12.4 If more than 12 % of the test specimen
passes the No, 200 (75-um) sieve, the soil shall
be considered a coarse-grained soil with fines.
The fines are determined to be either clayey or
silty based on the plasticity index versus liquid
limit plot on Fig. 3. (See 9.8.2.1 if insufficient
material available for testing).

12.4.1 Classify the soil as a clayey gravel, GC,
or clayey sand, 8C, if the fines are clayey, that is,
the position of the plasticity index versus liquid
limit plot, Fig. 3, falls on or above the “A” lin¢
and the plasticity index is greater than 7.

12.4.2 Classify the soil as a silty gravel, GM,
or silty sand, SM, if the fines are silly, that is, the
position of the plasticity index versus liquid limit
plot, Fig. 3, falls below the “A” line or the plas-
ticity index is less than 4,

12.4.3 1f the fines plot as a silty clay, CL-ML,
classify the soil as a silty, clayey gravel, GC-GM,
if it is a gravel or a silty, clayey sand, SC-SM, if
it is a sand.

12.5 1f 5 to 12 % of the test specimen passes
the No. 200 (75-um) sieve, give the soil a dual
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classification using two group symbols.

12.5.1 The first group symbol shall corre-
spond 10 that for a gravel or sand having less
than 5 % fines (GW, GP, SW, SP), and the
second symbol shall correspond to a gravel or
sand having more than 12 % fines (GC, GM, SC,
SM).

12.5.2 The group name shall correspond to
the first group symbol plus “with clay” or “with
sit™ to indicate the plasticity characteristics of
the fines. For example, well-graded gravel with
clay, GW-GC; poorly graded sand with silt, SP-
SM (See 9.8.2.1 if insufficient material available
for testing).

NoTe 8-If the fines plot as a silfy clay, CL-ML, the
second group symbol should be either GC or SC. For

example, a poorly graded sand with 10 % fines, a liquid ~

limit of 20, and a plasticity index of 6 would be classi-
fied as a poorly graded sand with silty clay, SP-5C.

12.6 If the specimen is predominantly sand or
gravel but contains 15 % or more of the other
coarse-grained constituent, the words “with
gravel” or “with sand” shall be added to the group
name. For example, poorly graded gravel with
sand, clayey sand with gravel.

12.7 If the field sample contained any cobbles
or boulders or both, the words “with cobbles,” or
“with cobbles and boulders” shall be added to
the group name. For example, silly gravel with
cobbles, GM.

D 2487

13. Report

13.1 The report should include the group
name, group symbol, and the results of the lab-
oratory tests. The particle-size distribution shall
be given in terms of percent of gravel, sand, and
fines. The plot of the cumulative particle-size
distribution curve shall be reported if used in
classifying the soil. Report appropriale descrip-
tive information according 1o the procedures in
Practice D 2488. A local or commercial name or
geologic interpretation for the material may be
added at the end of the descriptive information
if identified as such. The test procedures used
shall be referenced.

Note 9—Example: Clayey Gravel with Sand and
Cobbles (GC)—46 % fine to coarse, hard, subrounded
gravel, 30 % fine to coarse, bard, subrounded sand:
24 % clayey fines, LL = 38, Pl = 19; weak reaction
with HCI; original field sample had 4 % hard, sub-
rounded cobbles; maximum dimension 150 mm.

In-Place Conditions—firm, homogeneous,

brown,

Geologic Interpretation—atluvial fan.

Not1E 10—0Cther examples of soil descriptions are
given in Appendix X1.

dry,

14. Precision and Bias

14,1 This test method provides gqualitative
data only; therefore, a precision and bias state-
ment is nonapplicable.
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TABLE 1 Seil Classification Chart

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests”

Soul Classification

Group 7
Symbol Group Name
Coarse-Grained Soils Gravels Clean Gravels Cuz4dand 1 sCcx=3f GW Well-graded gravel”
More thar 50 % retained on No. More than 50 % of coarse frac- Less than 5 % fines®
200 sieve tion retained on No. 4 sieve Ce<dandfor 1 > Co> 3% GP Poorly graded gravel”
Gravels with Fines Fires classify as ML or MH GM Silty gravel"¢H
More than 12 % fines® - -
Fines classify as CL or CH GC Clayey gravel "6
Sands Ciean Sands Cuz6and | =Cc=3f swW Well-graded sand’
50 % or more of coarse fraction Less than § % fines®
passes No. 4 sieve Cu< 6andfor 1 >Ce = 3F sp Poorly graded sand’
Sands with Fines Fines classify as ML or MH SM Silty sand%#
More than 12 % fines? - -
Fines classify as CL or CH sSC Clayey sand®#/
Fine-Grained Soils Silts and Clays inorganic P1 > 7 and piots on or above “A” line’ CL Lean clay™-¥
50 % or more passes the No. 200 Liquid limit fess than 50
steve . P1 < 4 or plots befow “A” line ML Sijgk LM
organic Liquid {imit — aven dried Osganic clay™-#*
sy — < (L.75 —_— T
Liguid limit — not dried OL Organic silt*+-#9
Silts and Clays inorganic P1 plots on or above “A™ line CH Fat clay®™H
Liquid limit 50 or more
P1 plots below “A” line MH Elastic sin®-¥
organic Liquid limit — oven dried <075 OH Organic clay™-¥*
Liguid limit — not dried ’ Organic siltttHe
Highly organic soils Primarily organic matter, dark in color, and organic odor PT Peat

4 Based on the materizl passing the 3-in. (75-mm) sieve,
# If field sample contained cobbles or boulders, or both,
add “with cobbles or boulders, or both™ to group name.
€ Gravels with § 10 12 % fines require dual symbols:
GW-GM well-graded gravel with silt
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with silt
GP-GC poosly graded gravel with clay
? Sands with 5 to 12 % fines require dual symbols:
SW-SM well-graded sand with silt
SW.SC well-graded sand with clay
SP-SM poorly graded sand with stt
SP-8C poorly graded sand with clay

£ _ (Dw)
Cu Dm/Dm Cc mD;o o Dso

71 soil contains = {5 % sand. add “with sand™ to group
narne.

SIf fines classify as CL-ML. use dual syrebol GC-GM., or
SC-SM.

#If fines are organic, add “with organic fines™ to group
name.

! If soil contains = 15 % gravel, add “with gravel™ 10 group
name.

?If Atterberg fimits plot in hatched area. soil is a CL-ML.
silty clay.

¥ 1f s0i) contains 15 to 29 % plus No. 200, add “with sand™
or “with gravel.” whichever is predominant,

L [fsoil contains = 30 % plus No. 200, predominantly sand,
add “sandy” to group name.

#1f soil contains = 30 % plus No. 200, predominantiy
gravel. add “gravelly™ 1o group name.

¥PI = 4 and plots on or above “A” line.

2Pl < 4 or plots below “A” line.

Pl piots on or above “A” line.

@P1 plots below “A™ line.
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GROUP SYMBOL

<30% plus No. 200 ————— = <{15% plus No, 200
Piz4 and plots on :
ar above A" - line >30% plus No. 200 <:

OL <30% plus No.

P1<4 or plots :
below A~ tine >30% plus No
Plots on or :
above A" - line 230% plus No

OH <30% plus No.
Plots below :
“A" = line >30% plus No

GROUP NAME

== Organic clay

15.29% plus No, znoi: % sand 2% gravel———# Organic clay with sand

% sand <% gravel —% Organic clay with gravel

% sand >% gravetQ: <15% gravel ————®Sandy organic clay
2>15% gravel —————=Sandy organic clay with gravel

% sand <% gravel —==—_———® <(15% sand ———————" Gravelly organic clay

T >15% sang ———® Gravelly organic clay with sand

<15% plus No. 200
15-29% plus No. 200 ————" % sand >% gravel ——* Qrganic silt with sand

200 -<:
%

) 200<:
%

<30% plus No., <15% plus No. 260

» Organic silt

T 9% and <% gravel————® QOrganic silt with gravel

sand >% gravel “<<1 5% gravel ———————»~Sandy organic silt
>15% gravel ——-———— Sandy organic siit with gravel

sand <% gravg[@<15% sang ———————# Gravelly organic silt

2>15% sand —————= Gravelly organic siit with sand

200-<:

.2oo<

- Qrganic clay

15-29% plus No, ZQOT:% sand >% gravel————» Qrganic clay with sand

% sand <% gravel———" Qrganic clay with gravel

% sand >% gravelT: <15% gravel —sonecnesii- Sandy organic clay

2>15% gravel -~ Sandy organic clay with gravel

% sand <% grave! ‘—“\‘_‘1’<1 5% sand —————— Gravelly organic clay

>15% sand ———————® Gravelly organic clay with sand

< 15% plus No. 200
15-29% pius No. 200 Y:% sand 2% gravel——— Organic silt with sand

200 :

.zoo<

# Organic silt

% sand <% gravel———™ Organic silt with gravel

% sand >% gravel.<:<1 5% gravel ————— Sandy organic silt
215% gravel ——————® Sandy organic siit with gravel

% sand <% gravel w:<1 5% sand ————————» Gravelly organic sift

2>15% sand ——————# Gravetly organic silt with sand

FIG. 1b  Flow Chart for Classifying Organic Fine-Grained Soil (50 % or More Passes Neo. 200 Sieve)

i
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GROUP SYMBOL GROUP NAME

<E% tines Cu>4 and 1<Ce<3 —»GW - <16% sand = Well-graded gravet
~— T o 15% sand——— = Woll-graded gravel with sand
Cu<ad sndfor 1>Cc>3 —»-GP - <15% sand = Paotly graded graval
_g‘—‘—’_q_‘“”‘*zts% sand ——-»= Pootly graded graval with sand

tines=ML or MH———>» QW -G Mﬁ:ﬂsx sand ——— Wall.graded gravel with siit
Cu>4 and 1gc::53< 216% tand —oe3 Well.graded gravel with silt and sand
{inar=CL, CH,—-m———b-Gw -G C-T:<15% sand ——— Well-gradad graval with clay {or sitty clay)

GRAVEL {or CL-ML) 215% sand ———m Wall-graded graval with clay and sand
% gravel > 5-12% fines {or sifty tliny and sand)
% sand
- finerhiL or MK GP-G M—_—\:: <16% tand —— Poatiy graded gravel with sile
Cuw<4 and/or 1>¢:>3< 215% stand — = Poarly graded gravel with silt and sand
finas=CL, CH,——— = QP -GCT:<15% nd — 3 Pootly graded gtavel with clay (or silty clay)
tor CL-ML) 2 16% send—— = Poorty graded gravel with cluy and sand
{or slity clay and sand)
fineML or MH-—w—vb-GM—-q:<1 B% sand ———— Sty graval
Z15% sand —— Silty gravel with sand
>12% fines = finer=Ct or GH ———-=GC <15% sard ——= Clayay gravet
216% santf s Claysy gravel with wnd
ﬂmn-CLML—-——DGC-GMT:GB% $8EHF auwn—tim Siity, clayey gravel %
. 215% sand ———» Silty, ciayey grayal with sand
<5% finss Cu>6 ang 1<Ce53 - SW—:-:—:_:<15% graval— 3= Well.graded sand o
: 216% graval.—— Wall-graded sand with grave] N
Cu<@ andior 1>Cc>3 -SP I <1E% gravelwm— Poorly graded sand 3
T 216% gravel— - Poorly graded sand with grevel S
finersML or MH—— - SW -SM?:<15% gravel —.—m Wallgraded sand with siit
Cu>6 and 156c53< 215% gravel ——= Wallgraded sand with tilt and gravel
- fineswCL, CH, sSwW -SC-Q<-:<15% gravel— Well.graded sand with clay {or silty clay)
SAND . {or CLMLY 215% gravel ——3= Wellgraded sand with clay and gravel
% sand > 5-12% fines {or silty clay and gravel]
% gravel

finet=ML o1 MH—-—— 3P -SM¢::<15% gravel ——»Poorly gradad sand with sift
Cu<B and/for 1>Cc>3< 215% gravel —..—w- Poorly graded sand with siit and gravel
fines=CL, ca'___..w.;.SP-SC—Kw:<16% gravel ——w~ Poorly graded sand with clay (or silty clay]

{or CL-ML} >15% gravel——»- Poorly graded sand with clay and graval
{or silty clay and gravei}

finet=ML ot MH————»SM .__:—»\_‘(15% gravel— .- Silty sand

>15% gravel ——...m Silty ssnd with gravel

>12% fines —finerCL of CH— =S C <15% gravel———w Clayey sand
2>15% gravel-———a= Clayey sand with gravel
finas=CL-ML. ~SC -SM <16% gravel = Silty, tlayey sind
—-\\‘*215% grovel— e Silty, clayey sand with gravsl

FIG. 2 Flow Chart for Classifving Coarse-Grained Soils (More Than 50 % Retained on No. 200 Sieve)
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SIEVE ANALYSIS

! SCREEN - IN l SIEVE NO.
3201 % Y% A4 10 20 40 60 140 200
00 0
N
A
o 60 20 o
o \ 2
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» \ —
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g 60 e 40
o \ W
¥ \ v
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o
o
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& 2 ) \\ 80 o
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NN
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0 100
OV R Levaad b a s | PRI OO T i1
50 o s LO 0.5 010
PARTICLE SIZE IN MILLIMETRES
_Dso_ 15 _ (03e) (.57
Cu=p =Tors=2%0  Co=Gp- =Gorsxm =56

FIG. 4 Cumulative Particle-Size Plot

APPENDIXES

(Nonmandatory Information)

X1, EXAMPLES OF DESCRIPTIONS USING SOIL CLASSIFICATION

X1.1 The foliowing examples show how the infor-
mation required in 13.1 can be reported. The appro-
priate descriptive information from Practice T> 2488 is
included for illustrative purposes. The additicnal de-
scriptive terms that would accompany the soil classifi-
cation should be based on the intended use of the
classification and the individual circumstances.

X1.1.1 Well-Graded Gravel with Sand (GW)-—73 %
fine to coarse, hard, subangutar gravel; 23 % fine to
coarse, hard, subangular sand, 4 % fines; Cc = 2.7, Cu
=124.

X1.1.2 Silty Sand with Gravel (SM)—61 % predom-
inantly fine sand; 23 % silty fines, LL = 33, PI = 6,
16 % fine, hard, subrounded gravel; no reaction with
HCH (field sample smatler than recommended). In-
Place Conditions—Firm, stratified and contains lenses
of silt 1 to 2 in. thick, moist, brown {o gray; in-place

density = 106 1b/ft* and in-place moisture = 9 %.

X1.4.3 Organic Clay (OL)—100% fines, LL {not
dried) = 32, LL (oven dried) = 21, PI {not dried) = 10;
wet, dark brown, organic odor, weak reaction with HCL

X1.1.4 Silty Sand with Organic Fines (SM)}—74 %
fine to coarse, hard, subangular reddish sand; 26 %
organic and silty dark-brown fines, L1 (not dried) =
37, LL (oven dried) = 26, PI (not dried) = 6, wet, weak
reaction with HCJ.

X1.1.5 Poorlv Graded Gravel with Silt, Sand, Cob-
bles and Boulders (GP-GM)—78 % fine to coarse, hard,
subrounded to subangular gravel; 16 % fine to coarse,
hard, subrounded to subangular sand; 6 % silty {esti-
mated) fines; moist. brown; no reaction with HCl;
oniginal field sampic had 7 % hard, subrounded cobbles
and 2 % hard, subrounded boulders with a maximum
dimension of 18 in.
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X2. USING SOIL CLASSIFICATION AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE,
SHELLS, SLAG, CRUSHED ROCK, ETC.

X2.1 The group names and symbols used in this test
method may be used as a descriptive system applied to
materials that exist in situ as shale, claystone, sandsione,
siltstone, mudstone, etc., but convert to soils after field
or laboratory processing {crushing, siaking, etc.).

X2.2 Materials such as shelis, crushed rock, slag.
etc., should be identified as such. However, the proce-
dures used in this method for describing the particle
size and plasticity characteristics may be used in the
description of the material. If desired, a classification
in accordance with this test method may be assigned 1o
aid in describing the material.

X2.3 If a classification is used, the group symbol{s)
and group names should be placed in quotation marks
or noted with some type of distinguishing symbol. See
examples,

X2.4 Examples of how soil classifications could be
incorporated into a description system for materials
that are not aajurally occurring soils are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in. pieces

of shale from power auger hole, dry, brown, no reaction
with HCl. Afier laboratory processing by slaking in
water for 24 h, material classified as “Sandy Lean Clay
(CL)"—61 % clayey fines, LL = 37, Pl = [6: 33 % fine
to medium sand; 6 % gravel-size pieces of shaie.

X2.4.2 Crushed Sandsione-—Product of commer-
cial crushing operation; “Poorly Graded Sand with Siit
(SP-SM)"—9] % fine to medium sand; 9 % silty {esti-
mated} fines; dry, reddish-brown, strong reaction with
HCL

X2.4.3 Broken Shells—62% gravel-size broken
shells; 31 % sand and sand-size shell pieces; 7 % fines;
would be classified as “Poorly Graded Gravel with Sand
(GP)".

X2.4.4 Crushed Rock—Processed gravel and cob-
bles from Pit No. 7, “Poorly Graded Gravel {GP)"—
89 % fine, hard, angular gravel-size panicles; 11 %
coarse, hard, angular sand-size particles, dry, tan; no
reaction with HCL; Cc = 2.4, Cu = 0.9,

X3. PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES BY THE WET METHOD

X3.1 This appendix describes the steps in preparing
a soil sample for testing for purposes of soil classifica-
tion using a wet-preparation procedure.

X3.2 Samples prepared in accordance with this pro-
cedure should contain as much of their natural water
content as possible and every effort should be made
during obtaining. preparing, and transportating the
samples 10 maintain the ratural moisture,

X3.3 The procedures to be followed in this test
method assume that the field sample contains fines,
sand, gravel, and plus 3-in. (75-mm) particles and the

cumulative particle-size distribution plus the liquid -

limit and plasticity index values are required {see 9.8).
Some of the following steps may be omitied when they
are not applicable to the soif being tested.

X3.4 If the soil contains plus No. 200 (75-um) par-
ticles that would degrade during dry sieving, use a test
procedure for determining the particle-size character-
istics that prevents this degradation.

X3.5 Since this classification systern s limited to
the portion of a sample passing the 3-in. (75-mm) sieve,
the plus 3«in, (75-mm) material shall be removed prior
to the determination of the particte-size characteristics
and the liguid limit and plasticity index.

X3.6 The portion of the field sample finer than the
3-in.. (75-mm) sicve shail be obtained as follows:

X3.6.1 Separate the fieid sample into two fractions
on a 3-in. (75-mm) sieve, being careful to maintain the
natural water content in the minus 3-in. (75-mm) frac-
tion. Any particles adhering 10 the plus 3-in. (75-mm)
particles shall be brushed or wiped off and placed in
the fraction passing the 3-in. (73-mm) sieve.

X3.6.2 Determine the air-dry or oven-dry weight of
the fraction retained on the 3-in. (75-mm} sieve. Deter-
mine the total (wet) weight of the fraction passing the
3-in. (75-mm) sieve,

407

X3.6.3 Thoroughly mix the fraction passing the 3-
in. (75-mm) sieve. Delermine the water content, in
accordance with Method D 2216, of a representative
specimen with a minimum dry weight as required in
7.2. Save the water-content specimen for determination
of the particle-size analysis in accordance with X3.8.

X3.6.4 Compute the dry weight of the fraction pass-
ing the 3-in. (75-mm) sieve based on the water content
and total (wet) weight. Compute the total dry weight of
the sample and calculate the percentage of material
retained on the 3-in. (75-mm) sieve.

X3.7 Determine the tiquid limit and plasticity index
as follows:

X3.7.1 If the soil disaggregates readily, mix on a
clean, hard surface and select a representative sample
by quartering in accordance with Methods C 702,

X3.7.1.1 If the soil contains coarse-grained particles
coated with and bound together by tough clayey mate-
rial, take exireme care in obtaining a representative
portion of the No. 40 {425-pm) fraction. Typically. a
larger portion than normal has to be selected, such as
the minimum weights required in 7.2,

X3.7.1.2 To obtain a representative specimen of a
basically cohesive soil, it may be advantageous to pass
the soil through a ¥-in. (19-mm) sieve or other con-
venient size so the material can be more easily mixed
and then quartered or split to obtain the representative
specimen.

X3.7.2 Process the representative specimen in ac-
cordance with Procedure B of Practice D 2217,

X3.7.3 Perform the liquid-limit test in accordance
with Test Method D 4318, except the soil shall not be
air dried prior 1o the test.

X3.7.4 Perform the plastic-limit test in accordance
with Test Method D 4318, except the soil shall not be
air dried prior 10 the test. and calcuiate the plasticity
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index.

X3.8 Determine the particie-size distribution as fol-
lows:

X3.8.1 If the water content of the fraction passing
the 3-in. (75-msm) steve was required (X 3.6.3}, use the
water-content specimen for determining the particle-
size distribution. Qtherwise, select a representative spec-
imen in accordance with Methods C 702 with a mini-
mum dry weight as required in 7.2,

X3.8.2 If the cumulative particie-size distribution
inciuding a hydrometer anatysis is required, determine
the particle-size distribution in accordance with
Method D 422, See 9.7 for the se1 of required sieves.

X3,8.3 If the cumulative particle-size distribution
without a hydrometer analysis is required, determine
the particle-size distribution in accordance with

D 2487

Method C 136. See 9.7 for the set of required sicves,
The specimen should be soaked until all clayey aggre-
gations have softened and then washed in accordance
with Test Method C 117 prior to performing the parti-
¢cle-size distribution.

X3.8.4 If the cumulative particle-size distribution is
not required, determine the percent fines, percent sand,
and percent gravel in the specimen in accordance with
Test Method C 117, being sure to soak the specimen
long enough to soften all clayey aggregations, followed
by Method € 136 using a nest of sieves which shall
inciude a No. 4 {(4.75-mm) sieve and a No. 200 (75-
um) sieve,

X3.8.5 Calculate the percent fines, percent sand,
and percent gravel in the minus 3-in. {75-mm} fraction
for classification purposes.

Xd4. AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESTING FOR CLASSIFICATION
PURPOSES

X4.1 This appendix describes the steps in preparing
a soil sample for testing for purposes of soil classifica-
tion when air-drying the soil before testing is specified
or desired or when the natural moisture content is near
that of an air-dried state.

X4.2 1f the soil contains organic matter or mineral
colloids that are irreversibly affected by air drying, the
wet-preparation methed as deseribed in Appendix X3
should be used.

X4.3 Since this classification system is limited to
the portion of a sample passing the 3-in. (73-mm) sieve,
tke plus 3-in. (75-mm) material shall be removed prior
10 the determination of the particle-size characteristics
and the fiquid limit and plasticity index.

X4.4 The portion of the ficld sampie finer than the
3-in. {75-mm) sieve shall be oblained as follows:

X4.4.1 Air dry and weigh the ficld sample.

X4.4.2 Separate the field sample into two fractions
on a 3-in. (75-mm) sieve,

X4.4.3 Weigh the two fractions and compute the
percentage of the plus 3-in. (75-mm) material in the
field sample.

X4.5 Determine the particie-size distribution and

liquid limit and plasticity index as follows (sce 9.8 for
when these tests are required):

X4.5.1 Thoroughly mix the fraction passing the 3-
in. (75.mm) sieve.

X4,5.2 If the cumulative particle-size distribution
including a hydrometer analysis is required, determine
the particle-size distribution in  accordance with
Method D422, Sec 9.7 for the set of sieves thal is
required.

X4.5.3 H the cumulative particie-size distribution
without a hydrometer analysis is required, determine
the particle-size distribution in accordance with Test
Method D 1140 followed by Method C 136. See 9.7 for
the set of sieves that is required.

X4.5.4 If the cumulative particle-size distribution is
not required, determine the perceat fines, percent sand,
and percent gravel in the specimen in accordance with
Test Method D {140 followed by Method C 136 using
a nest of sieves which shall include a No. 4 (4.75-mm)
sieve and a No, 200 (75-um) sieve.

X4.5.5 1f required, determine the liguid limit and
the plasticity index of the test specimen in accordance
with Test Method D 43138,

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with ary iem mentioned in this standard. Users of this standard are expressty advised that determination of the validity of any such
pateni rights, and the visk of infringement of such rights, are entirely their own responsibility.

This standard is subject ta revision at any time by the responsibie technical committee and must be reviawed every: five vears and
if nar revised. cither reapproved or withdrawn, Your comments gre invited either for vevision of this standard or for additional
standards and sbodd be addressed 1o ASTM Headguarters. Your comments will receive carefid consideration ar a meeting of the
responsible fechnical commitcee, which yvou may attend. 1f you feel thar your comments have not received a fair hearing you shawid
muke your views known to the ASTM Commitiee on Standards, 1916 Race St., Philadeiphia, PA 19103.
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qmp Designation: D 2488 ~ 84

Standard Practice for

DESCRIPTION AND IDENTIFICATION OF SOILS (VISUAL-

MANUAL PROCEDURE)'

This standard is issued under the fixed designation [ 2488; the number immediately following the designation indicates the year of
original adoption ar, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superseript epsiton (¢) indicates an editorial change since the last revisien or reapproval.

1. Scope

1.1 This practice covers procedures for the
description of soils for engineering purposes.

.2 This practice also describes a procedure
for identifying soils, at the option of the user,
based on the classification system described in
Test Method D 2487. The identification is based
on visual examination and manual tests. It must
be clearly stated in reporting an identification
that it is based on visual-manual procedures.

1.2.1 When precise classification of soils for
engineering purposes is required, the procedures
prescribed in Test Method D 2487 shall be used.

1.2.2 In this practice, the identification por-
tion assigning a group symbol and name is lim-
ited to soil particles smaller than 3 in. (75 mm).

1.2.3 The identification portion of this prac-
tice is limited to naturajly occurring soils.

Note 1—This practice may be used as a descriptive
system applied 10 such materials as shale, claysione,
shells, crushed rock, ete. (See Appendix X2}

1.3 The descriptive information in this prac-

tice may be used with other soil classification

systems or for materials other than naturally
oceurring soils.

1.4 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safefy prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safely and health practices
and determine the applicability of regulatory limi-
tations prior to use, For specific precautionary
statermnents see Section 8.

1.5 The values stated in inch-pound units are
to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

D653 Terms and Symbols Relating to Soil
and Rock?

D 1452 Practice for Soil Investigation and
Sampling by Auger Borings?

D 1586 Method for Penetration Test and Split-
Barrel Sampling of Soils?

D 1587 Practice for Thin-Walled Tube Sam-
pling of Soils?

D 2113 Practice for Diamond Core Drilling for
Site Investigation®

22487 Test Method for Classification of Soils
for Engineering Purposes?

3. Definitions

3.1 Except as listed below, all definitions are
in accordance with Terms and Symbols D 653.

Note 2-—For particles retained on a 3-in, {75-mm)
US standard sicve, the following definitions are sug-
gested:

Cobbles—particles of rock that will pass a 12-in.
(300-mm) square opening and be retained on a 3-in.
{75-mm) sieve, and

Boulders—partictes of rock that wiil not pass a 12-
in. {300-mm) square opening.

3.1.1 clay—soil passing a No. 200 (75-um)
sieve that can be made to exhibit plasticity {putty-
like properties) within a range of water contents,

! This practice is under the jurisdiction of ASTM Committee
D-18 on Soil and Rock and is the direct responsibility of
Subcommitice D18.07 on Identification and Classification of
Soils.

Current edition approved Gct. 3, 1984, Published December
1984. Originally published as I} 2488 - 66 T. Last previous edi-
tion D 2488 - 69 (1975).

? dnnual Book of ASTM Standards, Vol 04.08,
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and that exhibits considerable strength when air-
dry. For classification, a clay is a fine-grained
soil, or the fine-grained portion of a soil, with a
plasticity index egual to or greater than 4, and
the plot of plasticity index versus liquid limit falls
on or above the “A” line (see Fig. 3 of Test
Method D 2487).

3.1.2 gravel—particles of rock that will pass a
3-in. (75-mm) sieve and be retained on a No. 4
(4.75-mm) sieve with the following subdivisions:

coarse—passes a 3-in. (75-mm) sieve and is
retained on a ¥a-in. (19-mm) sieve.

fine—passes a Ya-in. (19-mm) sieve and is re-
fained on a No. 4 (4.75-mm) sieve.

3.1.3 organic clay—a clay with sufficient or-
ganic content to influence the soil properties. For
classification, an organic clay is a soil that would
be classified as a clay, except that its liquid limit
value after oven drying is less than 75 % of its
liquid limit value before oven drying.

3.1.4 organic sil—a silt with sufficient o1-
ganic content to influence the soil properties. For
classification, an organic silt is a soil that would
be classified as a silt except that its liquid hmit
value after oven drving is less than 75 % of its
liquid limit value before oven drying.

3.1.5 peat--a soil composed primarily of veg-
etable tissue in various stages of decomposition
usually with an organic odor, a dark brown to
black color, a spongy consistency, and a texture
ranging from fibrous to amorphous.

3.1.6 sand—particles of rock that will pass a
No. 4 (4.75-mm) sieve and be retained on a No.
200 (75-4m) sieve with the following subdivi-
sions:

coarse—passes a No. 4 (4.75-mm) sieve and is
retained on a No, 10 (2.00-mm) sieve.

medium—passes a No. 10 (2.00-mm) sieve
and is retained on a No. 40 (425-um) sieve.

fine—passes a No. 40 (425-pm) sieve and is
retained on a No. 200 (75-um) sieve.

3.1.7 sift—soil passing a No, 200 (75-pm)
sieve that is nonplastic or very slightly plastic and
that exhibits little or no strength when air dry.
For classification, a silt is a fine-grained soil, or
the fine-grained portion of a soil, with a plasticity
index less than 4, or the plot of plasticity index
versus liguid limit falls below the “A” line (see
Fig. 3 of Test Method I 2487),

4. Summary of Practice

4.1 Using visual examination and simple
manual tests, this practice gives standardized cri-
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teria and procedures for describing and identify-
ing soils.

4.2 The soil can be given an identification by
assigning a group symbol(s} and name. The flow
charts, Figs. 1a and 1b for fine-grained soils, and
Fig. 2, for coarse-grained soils, can be used to
assigh the appropriate group symbol(s) and
name. If the soil has properties which do not
distinctly place it into a specific group, borderline
symbols may be used, see Appendix X3.

NoTe 3—It is suggested that a distinction be made
between dual symbaols and borderline syrhols.

Dual Symbol—A dual symboi is two symbols sepa-
rated by a hyphen, for example, GP-GM, SW-3C, CL-
ML used to indicate that the soil has been identified as
having the properties of a classification in accordance
with Test Method D 2487 where two symbols are re-
quired. Two symbols are reguired when the soil has
between 5 and 12 % fines or when the liquid }imit and
plasticity index values plot in the CL-ML area of the
plasticity chart.

Borderline Symbol—A borderline symbol is two
symbols separated by a slash, for example, CL/CH,
GM/SM, CL/ML. A borderiine symbol shoutd be used
to indicate that the soil has been identified as having
properties that do not distinctly place the soil into 2
specific group (see Appendix X3).

5. Significance and Use

5.1 The descriptive information required in
this practice can be used to describe a soil to aid
in the evaluation of its significant properties for
engineering use.

5.2 The descriptive information required in
this practice should be used to supplement the
classification of a soil as determined by Test
Method D 2487.

5.3 This practice may be used in identifying
soils using the classification group symbois and
names as prescribed in Test Method D 2487.
Since the names and symbols used in this practice
to identify the soils are the same as those used in
Test Method D 2487, it shall be clearly stated in
reports and all other appropriate documents, that
the classification symbol and name are based on
visual-manual procedures.

5.4 This practice is 10 be used not only for
identification of soils in the field, but also in the
office, laboratory, or wherever soil samples are
inspected and described.

5.5 This practice has particular value in
grouping similar soil samples so that only a min-
imum number of laboratory tests need be run
for positive soil classification.

NoTe 4—The ability to describe and identify soils
correctly is learned more readily under the guidance of
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experienced personnel, but it may also be acquired
systernatically by comparing numerical laboratory test
results for typical soils of each type with their visual
and manual characteristics.

5.6 When describing and identifying soil sam-
ples from a given boring, test pit, or group of
borings or pits, it is not necessary to follow all of
the procedures in this practice for every sample.
Soils which appear to be similar can be grouped
together; one sample completely described and
identified with the others referred to as similar
based on performing only a few of the descriptive
and identification procedures described in this
practice.

6. Apparatus

6.1 Reguired Apparatis:

6.1.1 Pocket Knife or Small Spatula.

6.2 Useful Auxiliary Apparatus.

6.2.1 Small Test Tube and Stopper (or jar with
a lid).

6.2.2 Small Hand Lens.

7. Reagents

7.1 Purity of Water—Unless otherwise indi-
cated, references to water shall be understood to
mean water from a city water supply or natural
source, including non-potable water.

7.2 Hydrochloric Acid—A small bottle of di-
lute hydrochloric acid, HC1, one part HCI (10 &)
10 three parts water {This reagent is optional for
use with this practice). See Section 8.

8. Safety Precautions

8.1 When preparing the dilute HCI solution
of one part concentrated hydrochloric acid (10
N) to three parts of distiled water, slowly add
acid into water following necessary safety precau-
tions. Handle with caution and store safely. If
solution comes into contact with the skin, rinse
thoroughty with water.

8.2 Caution—Do not add water to acid.

9, Sampling

9.1 The sample shall be considered to be rep-
resentative of the stratum from which it was
obtained by an appropnate, accepted, or stand-
ard procedure.

NoTE 5—Preferably, the sampling procedure should
be identified as having been conducted in accordance

with Practices D 1452, D 1387, or D 2113, or Method
D 1586.
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9.2 The sample shall be carefully identified as
10 origin.

Nors 6—Remarks as to the origin may take the
form of a boring number and sample number in con-
junction with a job number, a geologic stratum, a
pedologic horizon or a location description with respect
1o a permanen! monument, a grid system or a station
number and offset with respect to a stated centerline
and a depth or elevation.

9.3 For accurate description and identifica-
tion, the minitnum amount of the specimen to
be examined shall be in accordance with the
following schedule:

Maximum Particle Size, Minimum Specimen Size,

Sieve Opening Dy Weight
4.75 mm {No. 4) 100 g {0.25 1)
9.5 mm (¥ain.) 200 g {G.5 1)
19.0 ram ¥ in.) 1.0 kg (2.2 Ib}
38,1 mm {1lzin} 8.0 kg (18 Ib)
75.0 mm {3in) 60,0 kg {132 1ty

NoTe 7—If random isofated particles are encoun-
tered that are significantly larger than the particles in
the soil matrix, the soil matrix can be accurately de-
scribed and identified in accordance with the preceed-
ing schedule.

9.4 If the field sample or specimen being ex-
amined is smaller than the minimum recom-
mended amount, the report shall include an ap-
propriate remark.

10. Descriptive Information for Soils

10.1 Angularity—Describe the angularity of
the sand {coarse sizes only), gravel, cobbles, and
boulders, as angular, subangular, subrounded, or
rounded in accordance with the criteria in Table
1 and Fig. 3. A range of angularity may be stated,
such as: subrounded to rounded.

10.2 Shape—Describe the shape of the gravel,
cobbles, and boulders as flat, elongated, or flat
and elongated if they meet the criteria in Table
2 and Fig. 4. Otherwise, do not mention the
shape. Indicate the fraction of the particles that
have the shape, such as: one-third of the gravel
particles are flat.

10.3 Color——Describe the color. Color is an
important property in identifying organic soils,
and within a given locality it may also be useful
in identifying materials of similar geologic origin.
If the sample contains layers or patches of varying
colors, this shall be noted and all representative
colors shall be described. The color shall be de-
scribed for moist samples. If the color represents
a dry condition, this shall be stated in the report.

10.4 Odor—Describe the odor if organic or
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unusual. Soils containing a significant amount of
organic material usually have a distinctive odor
of decaying vegetation, This is especiatly appar-
ent in fresh samples, but if the samples are dried,
the odor may often be revived by heating a
moistened sample. If the odor is unusual (petro-
leum product, chemicat, and the like), it shall be
described.

10.5 Muisture Condition—Describe the mois-
ture condition as dry, moist, or wet, in accord-
ance with the criteriz in Table 3.

10.6 HCl Reaction—Describe the reaction
with HC! as none, weak, or strong, in accordance
with the critera in Table 4. Since calcium carbon-
ate is a common cementing agent, a report of its
presence on the basis of the reaction with dilute
hydrochloric acid is imporiant.

10.7 Consistency—For intact fine-grained
soil, describe the consistency as very soft, soft,
firm, hard, or very hard, in accordance with the
criteria in Table 5. This observation is inappro-
priate for soils with significant amounts of gravel.

10.8 Cementation—Describe the cementation
of intact coarse-grained soils as weak, moderate,
or strong, in accordance with the criteria in Table
6.

10.9 Structure—Describe the structure of in-
tact soils in accordance with the criteria in Table
7.

10.10 Range of Particle Sizes—For gravel and
sand components, describe the range of particle
sizes within each component as defined in 3.1.2
and 3.1.6. For example, about 20 % fine to coarse
gravel, about 40 % fine to coarse sand.

10.11 Maximum Particle Size—Describe the
maximum particle size found in the sample in
accordance with the following information:

10.11.1 Sand Size—If the maximum particle
size is a sand size, describe as fine, medium, or
coarse as defined in 3.1.7. For example: maxi-
mum particle size, medium sand. :

10.11.2 Gravel Size—If the maximum parti-
cle size is a gravel size, describe the maximum
particie size as the smallest sieve opening that the
particle will pass. For example, maximum parti-
cle size, 1Y in. (will pass & 1'/2-in. square opening
but not a Ye-in. square opening).

10.11.3 Cobble or Boulder Size—If the max-
imum particle size is a cobble or boulder size,
describe the maximum dimension of the largest
particle. For example: maximum dimension, 18
in. (450 mm).

10.12 Hardness—Describe the hardness of
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coarse sand and larger particles as hard, or state
what happens when the particles are hit by a
hammer, for example, gravel-size particles frac-
ture with considerable hammer blow, some
gravel-size particles crumbie with hammer blow.
“Hard” means particies do not crack, fracture,
or crumble under a hammer blow.

10.13 Additional comments shall be noted,
such as the presence of roots or reot holes, diffi-
culty in drilling or augering hole, caving of trench
or hole, or the presence of mica.

10.14 A local or commercial name or a geo-
logic interpretation of the soil, or both, may be
added if identified as such.

10.15 A classification or identification of the
soil in accordance with other classification sys-
tems may be added if identified as such.

11. Identification of Peat

11.1 A sample composed primarily of vege-
table tissue in various stages of decomposition
that has a fibrous to amorphous texture, usually
a dark brown to black color, and an organic edor,
shall be designated as a highly organic soil and
shall be identified as peat, PT, and not subjected
1o the identification procedures described bere-
after.

12. Preparation for Identification

12.1 The soil identification portion of this
practice is basex on the portion of the soil sample
that will pass a 3-in. {75-mm) sieve. The larger
than 3-in. (75-mm) particles must be removed,
manually, for a loose sample, or mentally, for an
intact sample before classifying the soil,

12.2 Estimate and note the percentage of cob-
bles and the percentage of boulders. Performed
visuaily, these estimates will be on the basis of
volume percentage.

Note 8—Since the percentages of the particle-size
distribution in Test Method DD 2487 are by dry weight,
and the estimates of percentages for grave], sand, and
fines in this practice are by dry weight, it is recom-
mended that the report state that the percentages of
cobbles and boulders are by volume.

12.3 Of the fraction of the soil smaller than 3
in. (75 mm), estimate and note the percentage,
by dry weight, of the gravel, sand, and fines (see
Appendix X4 for suggested procedures).

Note 9—Since the particle-size components appear
visually on the basis of volume, considerable experience
is required to estimate the percentages on the basis of
dry weight. Frequent comparisons with laboratory par-
ticle-size analyses should be made.
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12.3.1 The percentages shall be estimated to
the closest § %. The percentages of gravel, sand,
and fines must add up to 100 %.

12.3.2 If one of the components is present but
not in sufficient quantity to be considered 5 %
of the smaller than 3-in. {75-mm) portion, indi-
cate its presence by the term trace, for example,
trace of fines. A trace is not to be considered in
the total of 100 % for the components,

13. Preliminary Identification

13.1 The soil is fine grained if it contains 50 %
or more fines. Follow the procedures for identify-
ing fine-grained soils of Section 14.

13.2 The soil is coarse grained if it contains
less than 50 % fines. Foilow the procedures for
identifying coarse-grained soils of Section 15,

14. Procedure for Identifying Fine-Grained Soils

14.1 Select a representative sample of the ma-
terial for examination. Remove particles larger
than the No. 40 sieve (medium sand and larger)
until a specimen equivalent to about a handful
of material is available, Use this specimen for
performing the dry strength, dilatancy, and
toughness tests.

14.2 Dry Strength:

14.2.1 From the specimen, select enough ma-
terial 10 mold into a ball about 1 in. (25 mm) in
diameter. Mold the material until it has the con-
sistency of putty, adding water if necessary.

14.2.2 From the molded material, make at
least three test specimens. A test specimen shall
be a ball of material about Y2 in. (12 mm) in
diameter. Allow the test specimens to dry in air,
or sun, or by artificial means, as long as the
temperature does not exceed 60°C.

14.2.3 If the test specimen contains natural
dry lumps, those that are about % in. (12 mm)
in diameter may be used in place of the molded
balls.

NoTE 10-—~The process of molding and drying usu-
ally produces higher strengths than are found in natural
dry lumps of soil.

14.2.4 Test the strength of the dry balls or
lumps by crushing between the fingers. Note the
strength as none, low, medium, high, or very
high in accorance with the criteria in Table 8. If
natural dry lumps are used, do not use the results
of any of the lumps that are found to contain
particles of coarse sand.

14.2.5 The presence of high-strength water-
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solublec cementing materials, such as calcium
carbonate, may cause exceptionally high dry
strengths. The presence of calcium carbonate can
usually be detected from the intensity of the
reaction with dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen, select enough ma-
terial to mold into a ball about %2 in. (12 mm) in
diameter. Mold the material, adding water if
necessary, until it has a soft, but not sticky,
consistency.

14,3.2 Smooth the soil bail in the palm of one
hand with the blade of a knife or small spatula.
Shake horizontally, striking the side of the hand
vigorously against the other hand several times.
Note the reaction of water appearing on the
surface of the soil. Squeeze the sample by closing
the hand or pinching the soil between the fingers,
and note the reaction as none, slow, or rapid in
accordance with the criteria in Table 9. The
reaction is the speed with which water appears
while shaking, and disappears while squeezing.

14.4 Toughness:

14.4.1 Following the completion of the dila-
tancy test, the test specimen is shaped into an
e¢longated pat and rolled by hand on a smooth
surface or between the palms into a thread about
L& in, {3 mm) in diameter. (If the sample is too
wet to roli easily, it should be spread into a thin
layer and allowed to lose some water by evapo-
ration.) Fold the sample threads and reroll re-
peatedly until the thread crumbles at a diameter
of about % in. The thread will crumble at a
diameter of Y& in. when the soil is near the plastic
limit. Note the pressure required to roll the
thread near the plastic limit. Also, note the
strength of the thread. After the thread crumbles,
the pieces should be lumped together and
kneaded until the lump crumbles. Note the
toughness of the material during kneading.

14.4.2 Describe the toughness of the thread
and lump as low, medium, or high in accordance
with the criteria in Table 10.

14.5 Plasticity—~On the basis of observations
made during the toughness test, describe the
plasticity of the material in accordance with the
criteria given in Table 11.

14.6 Decide whether the soil is an inorganic
or an organic fine-grained soil (see 14.8). If in-
organic, follow the steps given in 14.7.

14.7 Identification of Inorganic Fine-Grained
Soils:
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14.7.1 Identify the soil as a lean clay, CL, if
the soil has medium to high dry strength, no or
slow dilatancy, and medium toughness and plas-
ticity (sec Table 12}.

14.7.2 Identify the soil as a fat clay, CH, if the
soil has high to very high dry strength, no dila-
tancy, and high toughness and plasticity (see
Table 12).

14.7.3 Identify the soil as a silt, ML, if the soil
has no to low dry strength, slow to rapid dila-
tancy, and low toughness and plasticity, or is
nonplastic (see Table 12},

14.7.4 Identify the soil as an elastic silt, MH,
if the soil has low to medium dry strength, no to
slow dilatancy, and low to medium toughness
and plasticity (see Table £2),

NoTg |1—These properties are similar to those for
a lean clay. However, the silt will dry quickly on the
hand and have a smooth, silky feel when dry. Some
soils that would classify as MH in accordance with the
criteria in Test Method D 2487 are visvally difficult to
distinguish from lean clays, CL. It may be necessary to
perform laboratory testing for proper identification.

14.8 Identification of Organic Fine-Grained
Soils:

14.8.1 Identify the soil as an organic seil, OL/
OH, if the soil contains enough organic particles
to influence the soil properties. Organic soils
usually have a dark brown to black color and
may have an organic odor. Often, organic soils
will change color, for example, black to brown,
when exposed to the air. Some organic soils will
lighten in color significantly when air dried. Or-
ganic soils normally will not have 4 high tough-
ness or plasticity. The thread for the toughness
test will be spongy.

NoOTE 12—In some cases, through practice and ex-
perience, it may be possible to further identify the
organic soils as organic silts or organic ¢lays, OL or
OH. Correfations between the dilatancy, dry strength,
toughness tests, and laboratory tests can be made 10
identify organic soils in certain deposits of similar ma-
terials of known geologic origin,

14.9 If the soil is estimated to have 1510 25 %
sand or gravel, or both, the words “with sand” or
“with gravel™ (whichever is more predominant)
shalt be added to the group name. For example:
“lean clay with sand, CL” or “silt with gravel,
ML” (see Figs. la and 1b). If the percentage of
sand is equal to the percentage of gravel, use
“with sand.”

14.10 If the soil is estimated to have 30 % or
more sand or gravel, or both, the words “sandy”
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or “gravelly” shall be added to the group name.
Add the word “sandy” if there appears to be
more sand than gravel. Add the word “gravelly”
if there appears to be more gravel than sand. For
example: “sandy lean clay, CL”, “gravelly fat
clay, CH”, or “sandy silt, ML" (see Figs. la and
Ib). If the percentage of sand is equal to the
percent of gravel, use “sandy.”

15. Procedure for Identifying Coarse-Grained
Seils (Contains less than 50 % fines)

15.1 The soil is a gravel if the percentage of
gravel is estimated to be more than the percent-
age of sand.

15.2 The soil is a sand if the percentage of
gravel is estimated to be equal to or less than the
percentage of sand.

15.3 The soil is a clean gravel or clean sand if
the percentage of fines is estimated to be 5 % or
less.

15.3.1 Identify the soil as a well-graded gravel,
OW, or as a well-graded sand, SW, if it has a
wide range of particle sizes and substantial
amounts of the intermediate particle sizes.

15.3.2 Identify the soil as a poorly graded
gravel, GP, or as a poorly graded sand, SP, if it
consists predominantly of one size (uniformly
graded), or it has a wide range of sizes with some
intermediate sizes obvicusly missing {gap or skip
graded),

5.4 The soil is cither a gravel with fines or a
sand with fines if the percentage of fines is esti-
mated to be 15 % or more.

15.4.1 Identify the soil as a clayey gravel, GC,

" or a clayey sand, SC, if the fines are clayey as

determined by the procedures in Section 14.

15.4.2 identify the soil as a silry gravel, GM,
or a silty sand, SM, if the fines are silty as
determined by the procedures in Section 14,

15.5 If the soil is estimated 1o contain 10 %
fines, give the soil a dual identification using two
group symbols,

15.5.1 The first group symbol shall corre-
spond 10 a clean gravel or sand (GW, GP, SW,
SP) and the second symbol shall correspond to a
gravel or sand with fines {(GC, GM, SC, SM).

15.5.2 The group name shall correspond to
the first group symbol plus the words *with clay”
or “with silt” to indicate the plasticity character-
istics of the fines. For example: “well-graded
gravel with clay, GW-GC™ or “poorly graded
sand with silt, SP-SM™ (sce Fig. 2).
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15.6 If the specimen is predominantly sand or
gravel but contains an estimated 15 % or more
of the other coarse-grained constituent, the words
“with gravel” or “with sand™ shall be added to
the group name. For example: “poorly graded
gravel with sand, GP” or “clayey sand with
gravel, SC” (see Fig. 2).

15.7 If the field sample contains any cobbles
or boulders, or both, the words “with cobbles” or
“with cobbles and boulders” shall be added to
the group name. For example: “silty gravel with
cobbles, GM.”

16. Report

16.1 The report shall include the information
as to origin, and the items indicated in Table 13.

NoTe 13-Example: Clayvey Gravel with Sand and
Cobbies, GC—About 50 % fine to coarse, subrounded
to subangular gravel; about 30 % fine to coarse, sub-
rounded sand; about 20 % fines with medium plasticity,
high dry strength, no dilatancy, medium toughness;
weak reaction with HCJ; original field sample had about
5% (by volume) subrounded cobbles, maximum di-
mension, 150 mm.

TABLE 1 Criteria for Describing Angularity of Coarse-

Gruined Particles (see Fig. 3)

Description Criteria

Angular Particles have sharp edges and relatively
plane sides with unpolished surfaces

Subangular Particles are similar to angular description
but have rounded edges

Subrounded Particles have nearly plane sides but have
well-rounded corners and edges

Rounded Particles have smoothly curved sides and no

edges

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4)

The particle shape shall be described as follows where length,
width, and thickness refer 1o the greatest, intermediate, and least
dimensions of a particle, respectively.
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In-Place Cenditions-Firm, homogeneous, dry,
brown

Geologic Interpretation—Alluvial fan

Note 14—Qther exarnples of soil descriptions and
identification are given in Appendixes X1 and X2.

Note 15--If desired, the peroentages of gravel, sand,
and fines may be stated in terms indicating a range of
percentages, as foliows:

Trace—Parlicles are present but estimated to be less
than 5 %

Few—351010%

Little—151025%

Some—3010 45 %

Mostly-—50 to 100 %

16.2 If, in the soil description, the soil is iden-
tified using a classification group symbel and
name as described in Test Method D 2487, it
must be distinctly and clearly stated in log forms,
summary tables, reports, and the like, that the
symbo! and name are based on visual-manual
procedures.

17. Precision and Bias

17.1 This practice provides qualitative infor-
mation only, therefore, a precision and bias state-
ment is not applicable.

TABLE 4 Criteria for Describing the Reaction With H(

Description Critgria
None No visible reaction
Weak Some reaction, with bubbles forming slowly
Strong Violent reaction, with bubbles forming imme-

diately

TABLE § Criteria for Describing Consistency

Description Criteria

Very soft Thumb will penetrate soil more than | in. (25
mim)

Soft Thumb will penetrate soil about | in. (235 mm)

Firm Thumb will indent soil aboui % in, {6 mm)

Hard Thumb will not indens soif but readily indented
with thumbnail

Very hard Thumbnail will not indent soil

Flat Particles with width/thickness > 3
i i h/width > 3

Flongated Particles with length/wi TABLE 6 Criteria for Describing Cementation
Flat and elon- Particles mee1 criteria for both flat and — —

gated clongated Diescription Criteria

Weak Crumbles or breaks with handling or litle fin-
BEr pressure

TABLE 3 Criteris for Describing Moisture Condition Moderate C";;“;;‘S;"’ breaks with considerable finger
Description Criteria Strong Will not crumble or break with finger pressure

Dry Absence of moisture, dusty, dry to the touch

Moist Damp but ne visible water

Wet Visible free water, usually soil is below water

table
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TABLE 7 Criteria for Describing Structure TABLE 11 Criteria for Describing Plasticity
Description Criteria Description Criteria
Stratified Alternating lavers of varying material or  Nonplastic A ¥-in. (3-mm) thread cannol be rolled at any
color with Jayers at least 6 mm thick; note water content
thickness Low The thread can barely be rolled and the tump
Laminated Alternating layers ol varying material or cannot be formed when drier than the plastic
color with the tayers less than 6 mm thick; Jimit
note thickness Medium The thread is easy 1o roll and not much: time
Fissured Breaks along definite planes of fraciure with is required to reach the plastic limii. Fhe
little resistance 1o fracturing thread cannot be rerolted afier reaching the
Slickensided Fracture planes appear polished or plossy, plastic limit. The lump crumbies when drier
sometimes striated than the plastic limit
Blocky Cohesive soil that can be broken down into High Tt takes considerable time rolling and kneading
small aagular lumps which resist further 10 reach the plastic limit. The thread can be
breakdown rerolled several times after reaching the plas-
Lensed Inciusion of small pockets of different scils, tic limit. The lump can be formed without
such as smalt lenses of sand scattered crumbting when drier than the plastic limit
through a mass of clay; note thickness
Homogeneous Same color and appearance throughout

TABLE 12 identification of Inorganic Fine-Grained Soils
from Manual Tests

TABLE B Criteria for Describing Dry Strength Soil
Description Criteria Sy:ﬁlbol Dy Strength [ Dilatancy Toughness
None The dry specimen crumbiles into powder with ML | None o low Slow to | Low or thread cannot
mese pressure of handling rapid be formed
Low The dry specimen crumbies into powder with CL Medium to high None to | Medium
some finger pressure slow
Medium The dry specimen breaks into pieces or crum- MH |Low {0 medium None to | Low to medium
bles with considerable finger pressure slow
High The dry specimen cannot be broken with finger CH [High to very high | None High
pressure, Specimen will break into pieces
between thumb and a hard surface TABLE 13 Checklist for Description of Soils
Very high The dry specimen cannot be broken between
the thumb and a hard surface 1. Group name
2. Group symbol
3. Percent of cobbles or boukders, or both {by volume)
TABLE ¢ Criteria for Describing Dilatancy 4. Pcrc_cn: o‘fgravel, sand, or fines, or ail three (by dry weight}
5. Particle-size range:

Description Criteria
None No visible change in the specirmen
Slow Waler appears slowly on the surface of the
specimen during shaking and does not dis-
appear or disappears siowly upon squeezing
Rapid Water appears quickly on the surface of the

specimen during shaking and disappears
quickly upon squeezing

TABLE 10 Criteria for Describing Toughness

Description Crileria

Low Only slight pressure is required to roll the
thread near the plastic limit, The thread and
the lump are weak and soft

Medium Medium pressure is required to roll the thread
to near the plastic limit, The thread and the
Jump have medium stiffness

High Considerable pressure is required to roll the

thread 10 near the plastic limit. The thread
and the lump have very high stiffness

Gravel—fine, coarse
Sand—fine, medium, coarse

6. Particle anpularity: angular, subanguiar, subrounded,
rounded

7. Particle shape: (if appropriate) flat, elongated, fiat and elon-
galed

8, Maximum particle size or dimension

9. Hardness of coarse sand and larger particles

10. Plasticity of fings: nonplastic, low, medium, high

1. Dry strength: none, low, medium, high, very high

i2. Dilatancy: none, slow, rapid

13. Toughness: low, medium, high

14, Color (in moist condition)

15, QOdor (mention only if organic or urusual)

16. Moistare: dry, moist, wet

17. Reaction with HCI: none, weak, strong

For intact samples:

18. Consistency {line-grained soils only): very sofi, soft, firm.
hard, very hard

19. Swructure:  stratified,
lensed, homogeneous

20. Cementation: weak, moderate, strong

2%, Local name

2%, Geologic interpretation

23. Additional comments: presence of roots or root holes, pres-
ence of mica, gypsum, eic., surface coatings on coarse-
grained particles, caving or sloughing of auger hole or trench
sides, difficulty in augering or excavaiing, eic,

iaminated, fissured, slickensided.
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(c) Subrounded

FIG. 3 Typical Angnlarity of Bulky Grains
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PARTICLE SHAPE

W=WIDTH

T=THICKNESS
L=LENGTH

FLAT:
ELONGATED:

W/ T>3
L/W >3

FLAT AND ELONGATED:
—meets both criteria

FIG. 4 Criteria for Particle Shape

APPENDIXES

(Nonmandatory Information)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X1.1 The following examples show how the infor-
mation required in 16.1 can be reported. The infor-
mation that is included in descriptions should be based
on individual circumstances and need.

XLLY Well-Graded Gravel with Sand (GW)—
About 75 % fine 1o coarse, hard, subangular gravel:
about 25 % fine to coarse, hard, subangular sand; trace
of fines; maximura size, 75 mm, brown, dry; no reac-
tion with HCI.

X1.1.2 Siity Sand with Gravel (SM)}-—About 60 %
predominantly fine sand; about 25 % silty fines with
low plasticity, low dry strength, rapid dilatancy, and
low toughness; about 15 % fine, hard, subrounded
gravel, a few gravel-size particles fractured with hammer
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blow; maximum size, 25 mm; no reaction with HCl
(Note—Field sample size smaller than recommended).

In-Place Conditions-—Firm, stratified and contains
lenses of silt | to 2 in. (25 to 50 mm) thick, moist,
brown to gray; in-place density 106 lb/ft% in-place
moisture 9 %.

X1.1.3 Organic Soil (OLfOH)—About 100 % fines
with low plasticity, slow difatancy, low dry strength,
and low toughness; wet, dark brown, organic odor; weak
reaction with HCL

X1.1.4 Silty Sand with Organic Fines {SM)—About
75 % fine 1o coarse, hard, subangular reddish sand;
about 25 % organic and silty dark brown nonplastic
fines with no dry strength and slow dilatancy; wet;



(i

maximum size, coarse sand; weak reaction with HCl,
X1.1.5 Poorly Graded Gravel with Silt, Sand, Cob-
bles and Bowlders (GP-GM)-About 75 % fine to
coarse, hard, subrounded to subangular gravel; about
15 % fine, hard, subrounded to subangular sand; about

D 2488

10 % silty nonplastic {ines; moist, brown: no reaction
with HCI; original field sample had about 5% (by
volume) hard, subrounded cobbles and a trace of hard,
subrounded boulders, with a maximuem dimension of
18 in. (450 mm).

X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE,
CLAYSTONE, SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ
a5 shale, claystone, sandstone, siltstone, mudstone, etc.,
but convert to soils after field or laboratory processing
(crushing, slaking, and the like).

X2.2 Materials such as shells, crushed rock, slag,
and the like, should be identified as such, However, the
procedures used in this practice for describing the par-
ticle size and plasticity characteristics may be used in
the description of the material. If desired, an identifi-
cation using a group name and symbol according to
this practice may be assigned to aid in describing the
matesial.

X2.3 The group symbol(s) and group names should
be placed in quotation marks or noted with some type
of distinguishing symbol. See examples,

X2.4 Examples of how group names and symbols
can be incororated into a descriptive system for mate-
rials that are not naturally occurring soils are as follows;

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in. (50
to L0)-mm) pieces of shale from power auger hole, dry,

X3. SUGGESTED PROCEDURE FOR USING
TWO POSSIBLE

X3.1 Since this practice is based on estimates of
particle size distribution and plasticity characteristics,
it may be difficuit to clearly identify the soil as belong-
ing to one category. To indicate that the soil may fall
into one of two possible basic groups, a borderline
symbol may be used with the two symbols separated by
a slash. For example: SC/CL or CL/CH.

X3.1.1 A borderline symbo] may be used when the
percentage of fines is estimated to be between 45 and
55 %, One symbol should be for & coarse-grained soil
with fines and the other for a fine-grained soil. For
example: GM/ML or CL/SC.

X3.1.2 A borderline symbol may be used when the
percentage of sand and the percentage of gravet are
estimated to be about the same, For example: GP/SP,
SC/GC, GM/SM. It is practically impossible to have a
soil that would have a borderline symbol of GW/SW.

X3.1.3 A borderline symbo! may be used when the
soil could be either well graded or poorly graded. For
example: GW/GP, SW/SP.

X3.1.4 A borderline symbol may be used when the
soil could either be a silt or a clay. For example:
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brown, no reaction with HCl, After slaking in water for
24 h, material identified as “Sandy Lean Clay (CL)™;
about 60 % fines with medium plasticity, high dry
strength, no dilatancy, and medium toughness; about
35 % fine to medium, hard sand; about 5§ % gravel-size
pieces of shale.

X242 Crushed Sandstone—Product of commer-
cial crushing operation; “Poorly Graded Sand with Silt
(SP-SM)"; about 90 % fine to medium sand; about
10 % nonplastic fines; dry, reddish-brown, strong reac-
tion with HCL

X2.4.3 Broken Shells—About 60 % gravel-size bro-
ken shells; about 30 % sand and sand-size shell pieces;
about 10 % fines, “Poorly Graded Gravel with Sand
(GP).”

X2.4.4 Crushed Rock—Processed from gravel and
cobbles in Pit No. 7, “Poorly Graded Gravel (GP)",
about 90 % fine, hard, angular gravel-size particies;
about 10 % coarse, hard, angular sand-size particles;
dry, tan; no reaction with HCl.

A BORDERLINE SYMBOL FOR SOILS WITH
IDENTIFICATIONS.

CL/ML, CH/MH, SC/SM.,

X3.1.5 A borderline symbol may be used when a
fine-grained soil has properties that indicate that it is a
the boundary between a soil of low compressibility and
a soil of high compressibility. For exampte: CL/CH,
MH/ML.

X3.2 The order of the borderline symbols should
reflect similarity to surrounding or adjacent soils. For
example: soils in a borrow area have been identified as
CH. One sample is considered to have a borderline
symbol of CL and CH. To show similarity, the border-
line symbol should be CH/CL.

X3.3 The group name for a soil with a borderline
symbol should be the group name for the first symbol,
except for:

CL/CH lean to fat clay
ML/CL clayey silt
CL/ML silty clay

X3.4 The use of a borderline symbol should not be
used indiscriminately. Every effort shall be made to
first place the soil into a single group.
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X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method—The relative percentage of
coarse- and fine-grained material may be estimated by
thoroughly shaking a mixture of soil and water in a test
tube or jar, and then allowing the mixture to settle. The
coarse particles will fall to the botiom and successively
finer particles will be deposited with increasing time;
the sand sizes wil} fall out of suspension in 20 to 30 s,
The relative proportions can be estimated from the
relative volume of each size separate. This method
should be correlated to particle-size laboratory deter-
minations.

X4.2 Visual Method—Mentally visualize the gravel
size particles placed in a sack {or other container) or
sacks. Then, do the same with the sand size particles
and the fines. Then, mentally compare the number of
sacks 1o estimate the percentage of plus No. 4 sieve size
and minus No. 4 sieve size present. The percentages of

sand and fines in the minus sieve size No. 4 material
can then be estimated from the wash test {X4.3).

X4.3 Wash Test (for relative percentages of sand
and fines)—Select and moisten enough minus No. 4
sieve size material to form a l-in (25-mm} cube of soil.
Cut the cube in half, set one-half to the side, and place
the other half in a small dish. Wash and decant the
fines out of the material in the dish until the wash water
is clear and then compare the two samples and estimate
the percentage of sand and fines. Remember that the
percentage is based on weight, not volume. However,
the volume comparison will provide a reasonable indi-
cation of grain size percentages.

X4.3.1 While washing, it may be necessary to break
down lumps of fines with the finger to get the correct
percentages.

The American Society for Testing and Materials takes no position respecting the validity of any patens vights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
paten righis, and the risk of infringement of such rights, are entively their own responsibility.

This standard is subfect to revision at any time by the responsible technical commitiee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headguarters. Your commenis will receive carefud consideration ar a meeting of the
responsible technical commitiee, which you may atiend. If you feel that your coniments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103.
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