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!31:JIL AND FIUCI< CU\lo'.3IFIC?\TIUN MANU?\L 

FOFlWAFm 

Detailed descriJJtions and cJassificatior1s at soil arid rock 

are an esse11tial part of tt,e geologic interpretatior1 

process ar1cJ t!1e geotecl1nical infc1rrnatior1 developer! to 

SLl!JP □ rt design and constrL1c·tion. Thi~:, manual cor·1td.ins 

standardized procedures arid guidelines for describi1·1g and 

evaluating soil arid rock materials ar1d for prepar·ing 

exploration logs. 

·1·he IJnifiec! !3oil Classification System pr·ovidc?s a conven­

tional system i'or categor·izir,g soils by gradatio11 and 

plasticity character-istics. l~owever, it alor1e cJ □ es ll<Jt 

provide adequate descriptive termi11ology for identifyirig 

soil~;. 1·he enc:losed descriptjve ter1nir1 □ logy is not inter1decJ 

classification ,nore !Jrecise arid !Jetter· L1r1derstaod. 

Various roe!< description systems exist; !1owever, nc, or1e 

systen1 is L1niversally 11sed. This manual contains a com-· 

posite procedure that inccirporates si.gnificant descriptjve 

tern1in □ logy relevant to geotec!·1nical desigr, and 

constr.. uction. 
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□ DOT SOIL/HOCK CL.ASSIFIC/.HION MANU/'\L. 

CLA!3S IF l C/-\T I ON FDflMAT 

The cJescriptior1 and classification of soil and rock in!:ludes 

consideration o·f tl,e physical characteristics and engineer·i}1g 

properi;ies o·f the material. ·rho detail of description is die--

tated to some degree by the complexity and objectives of tl1e 

project; however, an attempt s!1ould always be made to describe 

the soil/r·ock as completely as possible. ·rhe soil and rock 

descriptions on boring logs should be based on factua·1 i1·1f □ 1--

mation. Interpretive ii1formation s!·1ould be pr·ovided e]se-

where~ such as i1·1 the text of qeoloqic, geotechnical ~ an1J 

t·our1dation repor·ts. The ge11eral descriptive seqL1er1ce for soil 

and rack rnater·ials follows: 

SOIL HOCK 

Soi 1 f\Jame Flock Name> 

IJc-iCS Desi gnat ion Color-

Col en Degr·ee of Weathering 

P.la~;ticity Relatj_ve ~!ardness 

~~ti-uc turf? 
(joi,·1ts~ stratification, faults 

Consistency/Relative Density attii;L1de, separation, filling, 
continuity, voids) 

T(::?xtur-e 

Core ReccJvery and RQD 
C.ementation 

(Jtl·1er Characteristics as 
Stn1etun~ applicable (mineralization, 

slaking, fie].d unit weiql1t, 
c.i]<:::;c:ontinuity sur-fac:e conditlor1~ 
voids) 

Other Constitue11ts/Charac­
ter·istics as aJJplicable Foi-ma ti on I\Jame 
(unit weiqht, sensitivity, 
quality of coarse-grair1ed 
constituent-::.) 

CJr·:iqin 

J 



An important facet of classi·fj_cation is the deter·mination of 

wl·1at c1Jnstitutes ro~k, as <Jpposed tc, extr·emely weat!,ered, 

partially cemented or alter-ed matei-ial which approac:hes ~g)J 

in its character and er1gineering cl·1ar·acterj_stics. 

Extremely soft or decornposed r·ock that is friable an1J car1 be 

ret1uc:c:;!d to qr-avc-?l ~.;i:ze or· sm13l]ei- by 1101.. mal hand pi-{~:i.:..:,~~urr:? 

shou1cl be c:Ja<.::;sifi.ed CE:> a £:.oj_}. The soil c.la£,si·f:i.c:ation VJou]d 

be ·fol J owed by tl"lt? par·ent \·ock name (in piJ.i-enthe~:)es). 

·rhe inf.erred contacts between differing soil type~~:., ( ovr-2riJLJ_r· ·-· 

den) arid the under-lying rock sl1ould be noted on e>'.pJ01.. a.liun 

loqs, interpreted profiles and cross sections~ 

https://c:Ja<.::;sifi.ed


SllfL C:U.:\!,SIFICATIDN 

lntr··oducti.on 

·rhe soil description and classj_fication is based on tt,e 

djstribution ilnd behavior of fine-qrair1ed (passir,q No. 200 

sieve) and coarse-grained (retair1ed 011 the l~o. 200 sieve) soi 

constit\Jents, as cjescribed in ASTM D 248'7 and D 2488. 

Soil d§S~Ct.Pti9D§ contained on exploration logs and in field/ 

laboratory reports sl1ould be consistent with the visual-niar1u0l 

procedure of ASTM D 2488. The visual-manual mPthocl E•rnp 1oys 

visual observations and simple manual tests (index tests> to 

estimate the size arid distribution of the coarse-qrained soi 

fractions and to indicate the plasticj_ty characteristics of 

f'ine-grained fractions. fhese jnclex tests should be perfor01ed 

on representative samples fr·om each soil unit. 

Soi] ~;_lassi(_t~_:;_!~.tL9E!.~. ar·e deter·mJnE,'cl based on soil de:;;c:1.. ipti.ons 

and laboratory testing. Repr·esentative soil samples tl·iat ar(~ 

submitted for laboratory testi.ng sl1cJuld be ~!~§§ifi~~ usi1·1q 

the procedure o·f ASTM D 248'7 5 which qenerally requires grain 

size and plasticity testing (Atter·berg limits). 

·ri,e definitions for various soil constituents are presented on 

Table l. 

'.3 
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sn IL CUN!3T I TUENTS-DEF l NIT I DNS 

Boulde,-s Particles of r- □ ck that will not pass 
a 12-inch square opening. 

Cobbles Particles of rock that will pass a 
12-inc!, square openir1g and be r·etajned 
on a 3·-ir1ch sieve. 

Particles of rocl< that will pass a 
3-inch sieve and be retained on a 
No~ 4 sif?Ve~ 

Particles of rock that will pass a 
No. 4 sieve and be retained on a 
No . 200 s i r:?ve ~ 

Si l t Soil passing a No. 200 sieve that is 
nonplastic or very sligl,tly plastic 
and that exhibits little or no strengt!1 
when E:\ir· dry. 

Clay Soil passing a !~o. 200 sieve that can be 
made to exhibit plasticity (putty-like 
properties) wjthin a rar1ge of water 
cc1ntents, and that ext,ibjts consirler·able 
strength when air dry. 

A soi.1 with sufficient organic content 
to influence the soil propertiesu 

Peat A soil composed primar·ily of vegetalJle 
matter in various stages of decomposition 
usually with an orga11ic odor, or· dar!< 
brown to blac!< color, a spongy 
consistency, and a texture ranging 
from fibrous to amor·ph □ LJS. 

Soil Name 

1The fir((.:,t st(-2-p in cJesc:ribing a ~::>oi} is to dE·ter·minE 11..il!E?thf?.r it 

i'.s prt.\dominantly ·f.i.ne--·gr·ained, coar·se··-<.]r·ainPd, or· p<0at. Pi 

n1ixed-grained soil (containing both t·ine--grai11ed ancl coarse­

grained constituents) is categor·ized by determining its 

4 



pi-edorninar1t enqi11ee1-int~J behavior· and by vi£:)ually E-)Stimatinq 

the pE~r-c:0.,ntages of fine-··qrainerJ arid coar~-;e--·qr·air1ed r::un~~titu·-· 

There are three techniques available for estimatir1g the 

percer1tage of gravel, sand, and fines in a sample: t!1e jar 

method, the visual method~ and the wash test, as descrjbecl jn 

Appendix X4 of AS.fM D 2488. Soils containing more than 50 

perce11t visible particles are coarse-grained soils. A·fter tl1e 

sample is dr:?tl:?rminecJ to be prt-c.?dornir1antly finF.::-·-~:Jr .. c:_.:iir1c::;id or· 

coarsegrained, the next step is to determine the prjma1·y, 

secor1dary, and additional constittJents. For 1-apici and easy 

ider,tificati □ n, tt,e primary constit1Jent should be written ir, 

up1Jer case letters, i.e., GRAVEi.-~ SAND, SILT, CLAY. Tl·1e 

procedures ·for des,~ribirig and classifying fine-grair1ed and 

coarse-grained soils are described in t!1e following st.1lJsecticJr1s. 

EJ,nr1-Gral.ne:.!:t__ J~g_l__!..~- Fine--qi--a.int::>d soil~:) are cJ1::?~:-;c:r·ibr0c! by thr:::>ir· 

engineerir1g behavior 1:onsidering such pt1ysical characterjstics 

as dilataricy, dr·y strengt!·,, toughness, dispersion, a11d plasti­

city, as summarized on Table 2. ·r11e index tests used to 

determir1e these char·acteristics are described in As·rM D 2~88. 

Examples of soil descriptions based on index tests are shown 

on TablE~ 3. Thr-:. Plasticity Chart, F--irJur·e 1, 1~s used in the:" 

classification process to determine if the soil behaves 

pr·imarily as a silt or clay: it also provides a meas11re of 

the plasticity a~--; vJel] as c:ompr-es~-sibi.lity of the ~;oil. Table::? 

4 summarizes the subclassification order for fine--graineci 

soils. For instance, a soil whicl1 contains 80¼ fine-qrair1ed 

constituents (medium dry strer1gtl·,, slow dilatancy, mediiJm 

to11q!1ness, low plasticity) and 20¼ sand would be classified as 

"clayE'Y SIL.T with s;ome sand." It is po:::.;<c;ible to h<0.vt.:: t1,\lo 

secondary constituents. For· instance, a soil with 40¼ sand 

and 60¼ fi1·1e-grained constituents (n\edium plasticity, no 

dilatancy, mediLlRl toughness, and medium dry strer,gth) would !Je 

dF_:;is:;c.r- i bed as u sandy, s.i l ty CL.AV. 11 
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SILT AND CLAY CHAHACTEIU!3TICS 

ICHAHACTER I ~3T I c:s 
DILATANCY 

(r·eaction to 
shakir1g& Movr::>­
mt=::nt of water 
in void~;) 

None 
Slow 
l~ap id 

DRY STRENGTH 
( Co hes i ve:ne:;(; 
in d>"Y state) 

.. [\lone 

L.o v~ 

~ Medium 
H iql1 
Ve,-y Hiqh 

TOUGHNESS 
(Plastic.i ty in 
moist ~;tate) 

LO V\I 

A Mi:.?cl ium 
Hiqh 

DISPERSION 
(Set1;lement 111 

water·) 

VISUAL 
INSPECTION 
AND FEEL 

BITE TEST 
(Caution:Eatinq 
contaminated 
soil may be 
hazarclous to 
your· h(-?al th) 

((.~ft E?r· Rf)f. E:?t-i ) 

SIL. TS CL.AYS 

l~apid reaction. Water 
appears on the sur-
face to give a liVE'l""Y 
appearance when sha!<­
en. Squeezing the 
soil causes water to 
disappear rapidly. 

None to low. Even 
oven-dry strength is 
low. Powder easily 
rubs off surface of 
tt1e sample. L.ittle □ 1-

no cohesive strengtl1-
V\11 l J crumb le and 
~.;lake l"(~acii ly. 

1----------1--------------+----------------- -----

1=1 1astic thread l1as 
littlP ~>ti-.,E~ngth 
Dr· i es qu1 ck l y. 
Crumbles easily as it 
dries below plastic 
r·anqe. ,,3eldom can be 
roll f?d to 1/8 11 thi-- E?ad 
witt1out cracking 

Seti:les 011t of sL1s-

pension i.n 15 to 60 
minut{~S. (Sands 
settle in 30 to 60 
!;(:?C CH"lci S) 

(Jr1ly coar-sest i11di­
vidual silt grains 
are visible to the 
naked eye. Feels 
sliqhtly qritty when 
rubbed in fingers. 
Dries quickly and 
dusts off easily. 

Grii;ty feeling IJe­
tween tl·1e teeth, does 
not stick to tl1e 
t0~c::th ~ 

Sluggis!1 or no reactio11. 
Surface of the samples 
r-emain lust,-ou~;. L.ittJr:2 
or no water appears when 
hand is shaken. Sample 
remains lustr □ LJS dL1ring 
squeezing 

Hiqh to very high Ex-­
ceptionally hiqh if 
oven-·dry. Powder w1Jl 
not rub off the surface. 
CrumblE~s v,.1.l.th cJiffj -­
culty. Slakes slowly. 

Plastic thread has l1ig!1 
strength Dries slowly. 
LJsually sti·ff and totJgl, 
as it dries below plas--
tic range. Can easily 
be rollcecJ to 1/13" thrr2ad 
\/\l i. thou t er ac k i nq 

Settles 1n several l1011rs 

or days, unless it 
flocculates (rapj_dly 
precipitates out in 
:=-;ma} l clumps) 

Individual grains cannot 
be observed by tl1e 
naked eye. Feels s1nootl1 
and greasy when rubbed 
in fingers. Dries slowly 
and does not d1Jst of·f, 
must be scraped off. 

No gritty feeling bt:··· 

tween the teeth; t c•ncl c_; 

to ~.,tick to th(:: t E~E! th 

__J~-----------------~ 

6 
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TABLE 3: EXAMPLES OF FINE-·GW~ll\lED SUIL FIELD lDENTJFIC/-\TlflN 

Fl l:I LJ I i'IDE X TEfffS 

Typ i ca 1 l~ame 

SIL.r 
SILT w/some clay 

clayc,y SIL.. T 
Sc,! l ty CL./W 

CLAY w/some silt 
CLAY 

ocganic SILT 
organic CL.AV 

Dry 
;3trE•n~Jth 

none, low 
low, medium 

medium 
medium, higl·1 

high 
very high 

low, medium 
medium to 
Vt?IY hi.qh 

IJilatanc:y 
Rc-::act.lor1 

rapid 
r·apid, slow 

slow 
slow, none 

11011(~ 

non1:-: 

slow 
none 

Toughness 
of 

Pla~stic 
Thr·eacl 

l OV-.l 

low~ medium 

medium 
medi11m~hig~1 

hiqh 
high 

low, medium 
medium,high 

nonpla:;ti.c ~ low 
loH 

low~ medium 
medium 

high 
hi CJh 

nonplasti(:, low 
1nedjL1n1, l1igh 

7 
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FIGURE l: PUiSTlClTY CHAFlT 

60,--------------------,;---~---~-----r------,,....----. 
For clossificotion of fine-groined soils 
and fine-grained fraction of coarse-groined 

~ soils.
H 50 
0. Equation of A - I ine 

Horizontal at PI-4 to ll•25.5,X 
then PI•0.73 (LL-20)w 

C 40 
z 

>-... 30 
u 
... 
ti) 

< 20 
.J MH OR OH
0. 

10 

%1L--.L--~16,-J2L0---3LO___j4L0---5iO___J6L◊---7LO___SL0---9~0---,oLo___lJIO 

LIQUID LIMIT (LL) 

NotP:: fl1e sy111bc1ls C!_,11L., □ L,Cl_,CH and DI~ are Ur1ified Soils 
classification syrnbols. For de·fir1itior1s refer to 1··able 7. 

TABLE l,: FINE·-lJRAlNED SOIL !3IJBCI.ASSIFIC~\TIDN 

Percent (by weight) 
Terms o-f Total Sample 

SIL.T, CL.AY ·If PRIMARY CONSTITUENT 

Clayey, Silty Secondar·y fine-grained,.l 
Constituent<:.,:, 

w/some silt, some clay ,-]-- Additional fir·1e-grained 
Constituents 

30 • Secondary coarse-g1-ained 
Cons ti tu(::nts 

Additional coarse-grair1edw/some sand, some gravel 1~i - 30 
Const i tL.H:~ntsw/trace sar1d, trace gravel 

* Tt1e relatior1s~1ip of clay and silt constituents is based on 
plasticity and normally determined by performing index tests. 
Refined classif-ications are based on Atterberg l.in1its test!s and 
the Plasticity Chart (Figure 1). 

13 



Coars1?-qrained soils are described on 

the basis of particle-size distrjbt~tion~ as shown on Table 5. 

In ·the absence of grain size test results, the percerit distri­

bLttion of the vai-ious constituents sl1ould be visually estin1~1;­

ed. Where r10 constituent exceeds 50¼ of the total samiJle, 

then the coarse-grained constitl.lent having the largest per 

cen1:age becomes the pri.mary consti.tuent. If tl1e soil does n(Jt 
11 11inc::luclE:> any cj).~:;cernible fineE~ tht~n describe soil c3s clE1 an. 

Wh<::?rP the 1_sc:condar·y or· additiona.J c:on~,titu1:.::,nt is fir1e-~qrainr:-:1d~ 

11 11 11the term ''clay 01- si lt is s(0lectr,?d lJa!.sF:d on the pr"eclomi.na..nt 

pld. 1::itic:i.ty char·acterJ.st.l.c:.s from incie>( te~::.ts (Tablr:?:.::. 2 El.lid ]) 

For- ini;tancc--:~, a. soil with 4l3¼ ~::;ancl~ !.+(:~¼ c;Jravel and 101/. finr:;-· 

grai.ned c □ nstjtuen·ts (nor1-plastic, low dry strengtl1) wo1.1ld be 

dc0sc::ribc?d as '1 q1-avr.:dly f3AND with sornE:? siJ.t. 11 

TABLE 5, CD/~flSE--GRAINFD ::lO IL SUBCLI\f-,SIFIC/\T 1 UN 
<!\ft:?,- Fleet" 1+) 

Pcerccent (by wceightl 
of Tota} Sample 

(3HAVf::l_, SAND Predominant PRIMARY CDNST!rLJENT 
constituent 

Cravelly 5 sandy Secondary Coarse--Grair,ed 
Const i tu<-?nts 

Additional Coarse-G1-air1edW/SOfTH.? (qr·av(-::'1, sand) 15 -- :30 
Const i tuE;int~::iw/t'r-ac:e (gr·avt::.l. ':.:.ancl) 5 I 5 

foilty, Clayey-< 12 - 5~)-f~- Seconclar·y F"i ne-·C3i-ai nc?.cl 
_j Constituents 

Additional Fi11e-Grai11edv.,i/some (silt, clay) ·X­ 5 12 
1w/tracE (~:;iJt, clay) -M· < ::l Constituents 

* Index tests and/or plasticity tests are perforined to determine 
v-.d1c?thE?r· thE:~ tE?rm 11 s:;ilt" or· 11 clay" i\:; useu. 

9 
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Where stratified soils are encountered, each layei- should be 

clas~;ifiecJ. ·r·11e significa11t cjirnensions of the ler1ses/l.ayer·s 

Fc1r instance, a soil that is predomi11ar1tly 

fir1e-grair1ed (low dry strength, medium plasticity) with tl,jn 

( 1--inch) lay<:.:•1-s of cli:?an sand would he described as 11 c:layey 

~3ILT w] th 1--inc:h layc-?r·s of clE1an sand." 

distinci;ive dark color and by thej.r spor1gy feel. 

organic soils usually l1ave a distinctive odor of decomposed 

Thi.s odor can be made more noticeable by 

!1eatir1g tl1e wet sample. 1·he estimated !Jercent arid type of 

organic material present sh □ L1ld be inc]1Jded in the samplP 

An estiniation of pcrcer,t organics is based 01·) il 

percent_by___ yoJ_ym~ of the total sample and may be obtained 

thi-ou~:ih vic,ual c:ornpc1rison nf the ;;amplr,: to a ~;tandar·dizF?cl 

The <lrganic material StJbclassj-

fication is sl1own on ·1·able 6. 

FIGUFlE ?· COMPAHISDN CHAHT (PEHCENT BY VOLUME> 

I • ' -~, .' 
•r. •• 

, •• • ••'• • 

, .(~.. 
, I , -

• _,.,, ... j 

-~ ~; •l•I'"'.._, ,-,'\
•t - :- ,; 

' • •.•, 

(ilef. J.'ll 

.-: 
-~~'i· 1,:\:•a·.,,•' ,, 
• ' -- - ...f• -,·'I;. ,.~,,:,'''.--:..., .....,. ... .. ,...'· ,·...'" ..... ~,v, ..-.::,,. . ••• 
·- •i"!i 

, 't. ';. ' .•>~~ . ~ ., ..... ."," 
~-, • ' • ,, I ... 

. .-• f'\) 
, 

• ~" ~ 

i¾ ,o¾ 20% 30% SO% 



TABLE 6: fJRGAN IC M/HER If.iL EiUBCU)SS IF I C~\T I ON 

()1-qanic Pl?r·cent 
( tJy vo) umt--:) 

Term Clf Total Sarnpl,~ 

:30 - 100 PR l 14/~l,Y 
COHST J Tur=:HT 

organic (soil name) 15 50 Secondary Orqanic 
Con~st i. tuent 

(soil name) w/sume organics 15 Additional Organic 
Const i tuc-?nts 

Secondary soi] constittJents should be described for peats. 

F=-or example, if a 1,:;,oil contains CJ1··(02al:!:'.:l- than 50i', orqanJc:,~:, by 

volume arid more than 12¼ silt IJy weight, the material WOLJlci bo 

apply to a matr:::>ria] havinq gi-eatE"l- than 50¼ ol·ganic<:-.:; by voluflH:? 

and a siqni·fica,,t percentage of !3il.t (i.e. 80%) by weigt1t. 

The type of or·qanic matE\rial ( j .e. ~ peat, wood fiber~:;.~ car·­

bonizE:d tr-Jood, qr·d.~::;.s, leaves, 1-oots) !3hould be icientjfic2Li l·f 

possible, or r·eferred to as organics. An exampJ.e w □ lJld be: 

Organics may be fibrous a11d/or amorphous. Organic materjaJ 

may be very fjnely divided and hard to identj·fy i·f a strong 

organic odor is riot present. Consider the location when 

describing samples (i.e., former stream cl1ar1r1el, ·flood p]ain) 

If you canriot identify 01-ganic mater.ia], but su~:;pE.'ct its 

presence (rlt1e to color, odor, etc. then indicate ''ur~Janic::; 

may bE-:? prPsent" or 11 01-~Janic odor!!. (.) natural moisture:? contc.::,1·)t 

determination or liquid limit tests on samples be·fore arid 

aft;er oven drying may verify yo11r· assumptior, (Atte1-berg limits 

tests are r1ot applicable for peat). 

ll 
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Unified Soil Cl.assification System (IJS!:S) Designation 

·ri,e lJSCS designation should be determined IJy following tt1e 

procedt.1res specified in ASTM D 2487. The l.JSCS designation as 

reported on exploration logs will be an approximation based 01·1 

the visual-man1Jal soil description CASTM D 2488). Where 

classifications ar·e based on grain-size and Atterberg limits 

tests CstJch as laboratory test c].assifications), the l.Jsr:s 

designation will be more precise. 1·able 7 !Jresents a simplj--

·fied summary of tl1e USCS system. 

12 



TABLE 7: UNIFIED SOIL CLAi3SlFICATION SUMMAr~v 

<F<ref .1c.') 

UNIFIED SOIL CLASSIFICATION 

MAJOR GROUP 

DIVISIONS 
SYMBOLS TYPICAL NAM ES 

~ 

C 
2~ 

"' 
Well graded grove!s. qrove!-sand mixtures, 

- N G 'Hu - z .J little f Ines0 ~ or no 
.;: ~ ..... 

... > 
~ ~ 

.J ..~ - Poorly graded ~raveis. ~ravel-sand mixtures, 
(/1 a: Ll<t.. GP
.J 0 11 ttle or no f 1nes 

~ 
CJ V 0 

>-z 
Vl _, <( 0 C 

$,lty..J .2! 0: - 0 "' grove is. poor!·, graded grove1-sond--,: 

"'"' G ~ 
0 ~ 2 - .J z slit mixtures. 
V, ~ 

C " ... -
0 ~ >"' 

0 ,: "' 
0 ~ - a .. : Clayey ooorly qrcded grove! - sand -- N grove ts,,., ~ ;; ~- ct ... 

G C - -~ .. -z 0 ~ 
0 - 3 cloy mutures. - e • :le 

< ~ 

a: 'o ~ C 
0 .; Well graded sands. grovell•t sands. l dTle 

C) - 0 .;:, ~ SW 
0 0 V ~ Z<ll or :io fines.

N 0,., ,: -~ .. 0-.V, C 0 ~ wz 
~ - .J ..a: 0 z ~ ~ Poor I y graded sands. qrove!1y sana_s. I l t11 e,: a~ Ll <ll< - C s p 

0 0 <I) 0 or no frnes. 
u ~ ,: 0 v~--0 z O C::le <! 0

1/) '::: .c "'o- w SM Silty sands. sond-sdt m1it;.ires. 
,: - "'Z 
c~ o-
o- z"',: 0 .. :- e 
~~ <I) I- SC Clayey sands, sand - cloy mn tures.-~0 - 3:le 

"' Inorganic silts and very f 1ne sands, rock flour, Silty..... ML 
clayey f 1ne with s11gnt P10'::it1c1ty.or sands

ii 
.J ".: 0 

" e ~ 

Vl - C 
lnorgon,c Cloy S of low ta medium ;>tostic1ty. grovel ly 0 0 

..J z ~ = CL 
,? .. , cloys, sandy ctays, Si! t y cloys. lean cloys. 

0 0' ~ 
V, 0 <I) - ~ ... ~ 

~ ... Orqon1c s11 ts ond orqon1c slit· clays of low-N 
0 ~ ;;; .J OL,., 

0 "' plost1c1ty 
z e w 

- ~ 

< 'o ;; "' lnorqon1c silts. m1coceous or d1otomoceous fine
a: 0 

),, MH 

" 
:,, 

0 
.. 0 sondy or silty SOtlS, eiostic SJ I ts. 

0 ~ 
,: N .J ".: 

Q e C,., 
C 0 0 

z 0 z 0 
.:: = - = C z ~ C H Inorganic cloys of high plost1c1ty, f Gt clays.

"- 0 .. ;; -~ ~-= 0' -
0 <I) - 0 
:le ... ~ 

I- -.J "' 0 H Organic cioys of ·medl'Jm io h1qh plast1c1ty . 
;; 

HIGHLY ORGANIC 
Peat and other

SOILS 
P r h, ghly organic SO I j S. 

u Boundary closs1f1cofions. S01!S possessing cr.orocter1sr1cs of two groups ore designated 

by combrnot1ons of group symbols "or example GW·GC. well 

gr oded grovet~sand mixture with Clay oinder 

Ll 



Color· 

Soil color is not ir1 itself a speci•fic engineering proper·ty, 

but may be an indicator of otl,er significant properties s1Jc~1 

as soil cl·1emistry~ ground water (e.g., mottling ir1dicating 

wet/dry cycles) t alterat5on/weathering, or relative 11att11-al 

moisture content. Color may also be an aid in subsurface 

c □ i-rt:lation. 

l"he color should be field-deter·mined ti-elm fresh soil samples 

at their 11atural moistur·e content. Use comr11or1 colors (st1ch as 

wl1ite, yellow, red, br·own, gr·een, gray, blue, or blacl<) 

because tl1ey are basic and easier for others to tJncierstand. 

Standard color charts can be used, whe11 available, f □ 1- more 

unifor·m and precise descriptio11s. 
11ated combinations such as red-br- □ wn. Du not ust? i ~,;h '', or· 

ttnu~:;uaJ color·s. For example: instead of turquoise or aqua, 

1Jse qreer1-!Jlue or bltJe-gr·een, respectively. DF.::><...:;cr·ibe th(2 

1'r1t?t'' color·~ that 1s, for a sand t0ith whitr:: and dar·k g1-ay 

grains, the 11et color· would be gray, ,·,ot white and dark qray. 

Avoid listing more than two colors. To descr·ibe tint use tl·1e 

following example, demonstrated wjth brown: pale brown, li.gl1t 

browr,, brown, dar!< brown. When color variations are observed 

and considered significant, additional adjectives such as 

11 mottlt:?cl 11 o\- "<:.;tr·ea.ked 11 may be used. For- ins;ta.nce: 

mottled qr-ay, etc.SAND, SW, brown, 
streakt?ci 

Plasticity 

!~lasticity is a significant indicator property for cohesive 

~;oils. Field estimates of plasticity st1 □ L1ld be based on dry 

strengt~1 and touqhness tests CASl"M D 2488). 



between these index tests and tl1e plasticity are shown on 

Table cJ. An accurate measurement of plasticity is norrnally 

made in the laboratory by mear1s o·f tt1e Atterber·g lj_mits tests 

<ASTM LJ ~318). 

perfor·med on r·epreser1tative samples to cor1firm vis1Jal soil 

descriptions and tor engineering pLlrJJ □ ses. 

TABLE B: DEGHEE flF PL.Af3TfCITY 

-·----·-·--· 

Term 
------ ·--··-··-·--· 

l\lonplastic 

Low 
Plastic] ty 

-···---
!"Jecl i um 
Plastic ity 

High 
F'lasticity 

'"··-·---•->-•--

. 

Plastic ity 
I nde;., F) 1¼

' 
() - 3 

] - l. ~j 

-·-·-----· ...,........ 

1~) - 30 

-----~~- ----· 
30 0 y-· moi--e 

···-- ·--·-""·"-·-·-·· 

Dry 
Stneng th 

Ve,·y low 

--~----·----· 
I .OW 

Medium 

High 

-----~·••-.--,. 

·- ····-·- --~---······----·· ----···~· -•············--·-··· 

i=·ield Test ( appi-ox] mation) 
•··-----· 

LJ,·y spc0c imen baJ 1 fal ls ap a.rt easi]y. 
Cannot be ro} led a.t any mo i s tu1-e 
contc::int 

·- -·· ···-- ··----~---~----
Dry specimen bal 1 t-?as] ly Cl-u~;hc-:!d t....iith 
fi ngr.:~t·s. 1 /B" th1·ead can [J ccir·c-21 y be 

1·0 1 led 1t,Jithin i t ~3 plastic r·angr::. 
·----· .. __,,_____ 

Di.fficult to crush d1·y spe.c i men ha 11 
wh r:?n d,·y. I /f] II thn,ad is e:asy to r o l 1 

______,, 

Impo!:;sib .1.E? to ci-ush cl1·y ~:_;p (2c imen baJ l 
l.-.J i th f i n{,l(:?r·~;. 1 /81! thrc::>ad takes cons;icl-­
r..:.?r· ab l f:1 time:::> to rol 1 / kn(-:::iad t;o r·r?ach 
pla~::,tic 1 imi t Can bte: r er·o l. 1ed ~:;evE?r· a. J 
ti mr:?s V\l i thout b;·eak i ng aft,.~r- r-each i ng 
p 1as t l C: l i m .1 t 

-· "'--··---····~ 

Atterberg limits may be higl,er tl1an expected if calcium 

carbonate □ 1- iron oxides are preser1t. 

?1tterber(J 11mits may not be r·f.?1:iable for- soi.ls hiqh in Ol'"(.:JC:Hlic:: 

content. 
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Moisture 

A visual estimation of relative rnoistur-e cor,tent sh □ tJ]d be 

made clur.l.nq field classification <Ar3T!,.,I D 21+88) ~ I\Jatural 

moist1.1re contents should be determir,ed in the laboratory f □ 1-

al.l soils cor,taining more than 5 percent fine-grained mate,--

i a 1 . ·1·1,e l;ypical classificatic1ns are pr·esented 1n Table 9. 

TABLE 9: MOISTURE DES H:iN/H I 01\113 

Field Identification 

Dry Absence of moisture~ Dusty. Dry to tl1e touch. 

Damp Soil has moisture. Col1esive soils are below plastic 
limit (BPL) and usually molciable. 

Moi,;t Grains appear dar!<ened, but no visible water. 
f3j.lt/clay tNill clump. t_:;and vJil] bulk. f.:)oils drc 

often a1; or near plastic limit. 

Visible water on larger· grain Sl1rfaces. Sand ilnd 
cohf2sior1lE1 <:;s silt exhibit clilatancy. CohE,:,s)vE~ 

silt/clay can bra readily remolded. Soil leaves 
wc0trH?ss on the::! hand VJhE.1 n squeE:1 zed. "ltJet 11 inc1icatE:-?S 
that the soil is much wetter than the opticnurn 
moisture content and above plastic limit <APL) 

Consistency/Relative Density of Soils 

An important index property of cohesjve (jJ)astic) soil is its 

qualitatjvely by ter-m!3 sucl1 as very soft, soft, medium stiff, 

stiff, t,ard, ar1d very hard" Sin1ilarly, a signif.icant jndex 

Relative density terms i11clude very loose, loose, 

medium dense, dense, arid ver·y der1se. 

https://clur.l.nq


G9~nsi stt?ncy i :=s an indicator of tl·1e s!1ear strength <S) of a 
u 

c:ohe:1sive ~;o:il. ·rhe s~iear strengtt, car1 be estimated from 

manual and mechanical field tests (i.e., Standard Penetr·ation 

Test [SPTJ, Torvane, and pocket penetrometer) ~ or determir1ed 

lJy laboratory testing (i.e., uncont·ined compressive or triaxiaJ 

shear strengtl1). Normally, the above tests are performed on 

u11dist1Jrbed materials. Pocket penetrometer tests on cohesive 

samples from SPl tests will generally underestimate thP Llndis-·· 

t11rbed shear strength- These results, althouql1 c,1nservatjve, 

may still be useful in preliminary desigri. 

consister,cy ter1ns wit~, various IJarameters deter·mined fron1 botl1 

field and laboratory tests, are summarized in Table JO. 

T/·\BLE 10: CONSISTENCY OF COHESIVE SDIU3 

(After Ref.10,14,18,201 

2 0.125 S(HH:e2es be-t..,u:'2;-! fing2, s ;.;hen fist 
~,2verid inches by .'ist, 

inches by thtiGb, 
fingers; easily oenrtrated several 

Meciius stiff 4 - 8 0.25 (i,50 MoldEd by strong pressure of flngers; can be pere­
trste~ several inches bv thumb with 0ou2rate rffsrt. 

8 (), 50 _. 

sf j ff 2, i) Rearlily indented by thumb nail. 

3(: hC 2,0 Indented with difficilltv by thu~b nail. 

2, 
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Relative c1ensity of uncen,ented granular or col1esionless soils 

is a measL1re of the compactness of tl,e soil. Nonpla~;tlc SILr 

soils which ex!·1ibit general properties of grar1ular sojJ are 

given a relatjve density description. Relative density car1 be 

estimated from a simple 1nanuaJ fiel(j test, or eva]tJated with 

the Standard Penetration Test, SPT IASTM D 1586, AASHTO 12061 

Relative density ter1ns are related to sp·r N--val1Jes arid rudi­

mentary fj_e]d tests, as shown iri Table 11 

H)BLE 11 RELATIVE DENSITY FOFI 13R/\NUL.rn~ (C(J(-lESIDNLESE;J !ciDJI.S 

I e\f te1· R,af. l, l O I 

(1 - 4 E2slly nenetrated many inches 
1/2 inch rebar p~sh2d by hand. 

Easily 0211,,,·,tod sEveral inches Jitn 
l/2 inch reba; 011shed by hand. 

i/2 inrh rebar Grlve~ by 5 lb. h~~Jer, 

Penetrated I foot ~it~ djffiruity 

Pe:wtri.lt.ed c,n]y; fp1,; inchc•s \'1ith J/2 i:Kh 
rebar driven by 5 lb. ha01er. 

,-exture refers to the actual size, shape, and gradation of the 

c □ nstituer,t qrains. Table 12 deflnes the most commor1 grain 

The maximum coarse·-gr-air1ed size recovered ir1 

soils should be noted. Figure 3 shows various sl1apes of bL1lky 

(granular) grains arid their corresponding classificatior·1. 1·t·1e 

gradatior·, definitions are presented in ·rable 13, and a grada-

tion cl1art is sl1own on Figure 4. C □ arse·-grained soils !1avir1g 

less thar1 12 percent passing the no. 200 sieve requir-e qrada­

ti □ n descriptions, i.e., well-qr·aded, poorJ.y···graded (t.1ni·fo1··m 

or· qap--gracJed). 

1 13 
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TABLE 12: GRAIN SIZE DEFINITIONS 

Bou]df-?cs 

Cobb 1Ees 

Gcavel 
Coarse 
Fi n1::.> 

Sand 
Coa1-se 
Medium 
F- inf? 

Ur-ain Size 
(ir,ches, or sieve#) 

> IE' in. 

'.:1-12 in. 

3/t+-·3 in. 
tl't-'.3/4 1n. 

111 o-,t4 
W+0-#10 

1!200-#l;-0 

FIGUf~E :3: TYPICAL SH/)PFS UF BULl<Y GRAINS 

Anqular Subanqular F<o1..1ndl=::-d 
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T/UILE 13: GRADATION C/HEGCJHIFS 

dis­
sizes 

of 

G1-adat1on Term 
(USCSi 

We 1 1 ·-qr· ad ed 
<[3W, SvJ) 

F'oor- l y·-91-aded 
<GP, SP) 

Uniformly-graded 
(GP, SF') 

Gap-qr"aded 
( GI=> ~ ~::;p ) 

Full range and eve11 
tribution of grain 
pl-t?sent. 

Narrow range of grai11 
sizes pr·esent~ 

Consists predominantly 
onr::-:' qrain size. 

Within the range of grain 
sizes present, one or· 
more sizes are missinq. 

llnitormity coe·fficients: 

C 
u 

I)·t,o 
C 

C 

( D3. )
.:: l) 

USCS Term ¼ Passin(] 
l~o. 200 Si eve 

Uniformity 
F:.!equ i remc'2nts 

SW 

CiW 

Note: 

C > 6 and C ·-
u C: 

C > /➔ a.nd C 1 
u C 

If 5 to 12¼ passes thE-c> I\Jo .. (~00 ~:;j evr:? ~ then use 
classification witt1 the pi-edominant fine-grained 
con!'::;tituent, ip{?.,~ Sl,J-··S11, P.tc., 

Example 

Coar·se to finE' 
~'.3A!\ID v-.ti th tr·c:1C:E: 
s i l t , Sl,J 

r:·ine to mc:>dium 
SAND, :3F0 

C:lE1 an t·ine 
SAND.. [)F1 

Fi ncs SA!,!D vs i th 
~::;omr? coar'.3E.? 

gravE:>l~ sr:i 

Coefficient 

to 3 

t D 3 

a dual 

.,
C. 

20 



FI GIJHE '~ : GRADAT l!JN CHAFH 
(After Ref.18,22) 

U.S. ST,t,,NOA~ SlfYf OH~ IN INCHU 

100 6 A J I Yt I ¾ Yt ~ J 4 6l 

"' ' ~· fl -- I I I I I I 

• ' " '0 

- -o- -- \0 
\ ' 

7 
...A '\,~~ 

Girp:.. Jr- I '~ ' ''0 

-
--, 

0 

' - ... - ,r<AD~ 
0 ~ ~' .... \.-

'0 '\ 

- ' u l!-1 -- ' 'IO 
I '- ' I ._, - ._,

0 
,oo 100 ,0 IO 

BOULDERS COBBLES co.vu 
Co,.n.( IHI 

Cementati.on 

0 

IO 

10 

JO 

,o 

,0 

.., 

70 

'° 
'" 

I 00 

Modt?1..·ate 

Strong 

' 
U.S. STAJ-.0-'..0 SJfVf NUMNU 

1-0 14 16 20 JO 40 $0 70 'IOO I AO 100 

I 0.$ 
Gk.AIN S!Zf MIUlMfHlS 

$ANO 

0,1 

HYO-OM.(T!I 

001 0.00$ 0 001 

Cementatior1 is the bonding of grajr1s l1y 

(t.'.?.~J., caJcitf~) or dc~gi-adation products 

secor1dary minerals 

(c-::'.g., clay). 

pr·r::sencE:~ o·f calcium carlJonatr.'.:' Cf-?mr:?ntation ca11 lJe dc:tc:-c:ted by 

its reactjon to l1ydr·och].oric acid. Tt1e i··e]ative degree o·f 

cementation o·f undisturbed soil samples is defined iri 1a1Jle l~: 

T/.\BLE 14, CRITERIA FDR DESCRIBING CEMENTATIIJM 

TEF<M Cll I TEI, I A 

C1·umbles or breaks with handling or· 
little finger press11re. 

Crumbles or breaks with considerab]e 
finge1- pi-essui-t-::?. 

Will not cr11mble or break with fingei­
pressurE'. 
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~:;tructur·al featui.. E:~s inc:ludf:.~ ~;tr-atifjcat.i.on:::i~ var·vef;~ lt:nse'.s~ 

f'i~::;sui--es, seam'=J~ slicken~:;ides, striations, h}ocky ,·str1Jcture~ 

relict rock str1Jcture, voids (r-oot or worm holes, cavities). 

The tt1ickness, f'requency, and inclir1ation of these ·features 

,,l·1ou 1d be noted. ·1·able 15 presents criteria ·fo,- describing 

TABLE 1'.'i: Cl~ITERIA FOR DESCRIBING STHIJCTUHE 
( Hr?f , ta ) 

TEPM Cl'< I TEP I A 

Alternating laye1·s of varying 
or color with layers at least 
thjcl<; note thickness. 

material 
6 mm 

L.aminat<?d Alternating layers of varying 
or color with the layers 1.ess 
6 mm thick; note tt,icl<ness. 

material 
thar1 

Contair1s shears or· separations along 
planes 01· weakness. 

Slickens1dt-?d Shear planes appear poljshed 
glossy, sometimes striated. 

or 

Blocky Cohesive soil tl·1at 
into sma].l a11gula1·· 
further breakdown. 

can be broken down 
lumps which resist 

Inclusion of small pockets of dif­
fer·ent ~;oils~ such as smalJ l(:;?nses 
clay; r,ote thicl<ness. 

of 

Homo\Jen(2ou:,.; Same color ar1d appearance throughoutr 



All soils sl1ould be examined to see i·f tt,ey contain forejgr1 

n1aterials indicative of man-made fjlls. Nonstructt.:ral fills 

are often a problem in design. Mar1-1nade and other fr>reigr, 

fill items should be listed in each of the soil descr·iptions. 

Common rnan--made items include glass, bric!<, dimensicJned 

lumber, concrete, metal, plastics, plaster, etc. Otl1er itRrns 

t!,at could sL1ggest fill inclL1de bu,··ied vegetation mats, tree 

limbs, stumps, etc. The sojl description for a fill materja] 

:0.;hould be i'"ol]ovJE::'d hy the tG..c>¥.. m 11 (Fil.J)' 1 
, i.Q., ·for a c:lay(::?Y 

silt fill with some brick fragments the description wcJuld be 
1'c:laypy SILT, Ml_, with br.. ick f~-aqmt?nts (F-iJ.J.)." The: ~.:;izP and 

distribution of miscellane □ LlS items should be noted. ·r1,e 

limits (depth range) of ·fill 1nater·ial st1ould be determi1·1eci a11d 

ider,tified at eac!1 exploration location. 

Other Cor1stituents/Characteristi.cs 

Additional constituents and/or pertinent cl1aracteris·tjcs not 

included in tl,e p,-evious t:ategories s!,ould be described 5 

depending on the scope and objectives of the proje1:t. Sorrie <Jf 

thrc?~3e othf.?r· constitu(2ntr;/characteristicr; inc:ludE• the:--:> fu] l.olA1---

1ng: 

ThF? tota] l1·nit i,,\lC?igJ·it ~;:,hould br? dE•te\··m"inr":'d on 

Ltndisturbed soil samples, and may sometimes be determinec! jr1--

situ~ When the moisture content ls determined, the dr·y unit 

weiqht should also be sl1ow11. 

?~n~J.ttYJ.,tY. SE?nc::;i.tivl.ty r-efer-~7; to thE~ ~1iqnifi.c:ant los~; (Jf 

strength when a fine-grained soil is remolded. A sensit;jve 

sojJ may be J·1igl1ly compressible, anci the natural moistur·e 

content often is above its liquid limit~ f:3en~,itivity is d 

2'.3 

https://SE?nc::;i.tivl.ty
https://Cor1stituents/Characteristi.cs


function of thE~ primar·y str·ucture of the :;oil, i.e.~ dir::-;·­

persed, dense or flocculated; stre11qth o·f qrair1 bonding; and 

water conte:nt. A measure of the sensitivity, St~ is tl1e ratjo 

of the undisttJrbed, tJndrained shear strength to the remoldeci 

shear strength, or: 

- shear strengt~i 
S (undistur·lJed) 

u 
q -- unc:::onf i ned 

u
S ( r e2rno ldc,d) q (r-emoldec1) cumpi-essi ve 

u u strc,ngth 

The s!1ear· strer1gths can be determined by in situ tests (vane 

st,ear or less accurately by Tu1··vane and pocket penetr·ometer> 

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

unconfined compression test). Wl1en it is noticed in the field 

that a fine--grained soil might be sensitive, it sl1 □ L1ld be so 

noted on thc::1 fi0:1d loq a 1z; "putc:int ial ly ~7if-.?nsi tivt:?". 

pi-edominantly coarse-grained, the nature and conditio11 of tl,e 

coarse grains should be descr·ibed. For· i nstanc(:~, the pai-·E,nt 

rock type(s), hardness (soft or· t,ard) and weathering (frest,, 

weatt,ered, or decomposed). 

Driqin 

The or:i.qin o·f the ~soi] ].~-~; genc:>r·aJ.]y J.ntt.1 i--pr-eted ba::..;E:.'d on a 

!<nowledqe of geologic site conditions and soil descr·iption. A 

qenE-?ric narnr.;? for· thE? '.,:.uil~s Ol'"igin may be pr·ovided at the E'1·1d 

of the scJil description (in parentl1eses>, sucl, as (A]]uviLim) 

(Colluvium), (Ti:::!r·rac£-? deposit), (Di-:?compo~:;1::ad [rock name!])~ 

(l"ill), etc. Where known, the for·matio11 riame may be i11clL1derl 

at tl1e er1d of the descriptic>n. 



HOCK CLAS!3 IF I C/4TI DN 

Rock classification for erigineering pL1rposes consists of two 

basic assessments: that for intact cl1aracter, such as a har1d 

specimer1 or small fragmerit; and i11 situ character, or e11qi· 

neering features of rock masses (Ref.1): 

Intact character: classifjcation o·f the intact rock, 

such as l1and specimens or ccJ1-e, is jn terms of its CJi· 

igir1, miner·alogical makeup, textLJr·e, ar1d degree and 

natur·e o·f chemical and pt1ysical weathering or altera­

tion. 

In sitl1 char·acter: classi·ficat1on uf in-place rock 

masses includes the nature and orie1·1tation of its co11-­

stituent interlocking blocks, plates, or wedges formed 

by bounding discontinuities st1ct1 as bedding, foliation 

planc-?s, joints, shc:,ar plane~:,, shear- zones dnd fault~;~ 

Both assessments ar·e essential for- desigri. Bott, ct,aracteris·-

tics are the basis for rock slope design and excavation and 

many facets o·f rock anchorage and bearing capacity deter1nir1a--

Flock Name 

Rocl<s ar·e classically divided into tl-1ree general catego1··ies: 

igneous, sedimentary and metamorpl1ic. 

Igneous r·ocl<s ar·e classified IJasecl or, mineralogy arid ge11etjc 

occurrence (intrLtsive or extrusive). Texture 1s tl1e most 

conspicuous feature of genetic occur·rence. 

Sedimentar·y rocks are classified or·1 the basis o·f grain sjze, 



Tt1e most conspicuous features of metamorpl1ic rocks are gen-· 

erally their structural features~ especially foliatio11. 

The com1Jlete name of a rocl< specimen or rock LJnit should 

include texture and lithologic name. T~1e rock name s!1011ld IJe 

in simple geologic terms. The rock name sho11ld be completely 

wr:ittE~n in capita] letter!::;. The following tables prese11t 

common rock naines arid their- characteristics. 

lAfJLE 16: COMMON IGNEOUS HDCKf.; 

lnt1-L1sive 
(coarse-grair1eci) 

Granite 

Essential 
Minerals 

Quartz 
l<··-feldspar 

Common 
Acct>ssoi-y 
Miner·als 

p 1 B(~l i DC 1 a SE' 

Mi ca 
(\mpll i bo J ,0 

Pyi-o ><E?nc:> 

Ex tr·us i ve 
(fine-qrained) 

Di.or-J.te F'lagiocla!;e Mica 
/1mpl7 i bo 1,, 
Pyr o ><ene 

(~nrJes i ti'.'.? 

C3abbr·D Plagioclase 
F1 yroxene 

Ampllibole 



TABLE 17: I GNEDl JS rmct< TEX TUFIES 

Pegmatitic: 

Aphanitic 

Porphyr· it.\ c 

Very large; diameters measured 
in ir1ches or feet. Wide ranqe 
of size::;. 

Can be seer, with nal<ed eye 

Cannot be seen wit!, naked eye 

No grains preser1t 

Grains of two widely different 
~:;izes 

l~oc k Type~ 

lntru!':;J VE? or.. 
Exti-us.l V(? 

E:::xtrusj vc~ 01~ 

Intrusive 
----····················-· 

E:xtrusive 

Iritr·u~;i vr2 and 
E:~xti-usi vc0 

ROCK NAME 

Tuff Bn2ccia 
(agglomE•i~ate) 

Lapill1 Tuff 

Tuff 

Purnic:E? 

TABLE 18: PV!'HJCL A!3 TIC RUCl<S 
(/\fter· F<ef.2) 

CHARACTERISTICS 

Un(:emented glassy and vesicular ejecta 
t+---3C? mm s i z E:' 

Composed o·f ejecta >32 mm size, in asl1/tuff 
matri)< 1 indurated 

Composed of ejecta 4-32 mm size, 1n ash/t11tf 
matrix, indur·ated 

Cemented volcanic ash particles <4 rnm size, 
i ncll1r· at ed 

Excessively vesiculated glassy lava 



Tf"BL..E 1 'J: CUMMUN f;ICDJMENTAFlV FlOCKS 

Ouartz 

A. Mechanical Sedimentary Rocks 

Original SedimentRock Name 

Gravel, or· sand and gravelConglomer·ate 

f3andstonc-?. Sand 

Hiltstone f3 i l t 

Claystone Clay 

Silt, clay, possibly with sand 
and/or· gravel i11clusions, 
no nor iente::>d 

t"ludstone 

~.:;1-)ale Oriented, laminated, fissi]e, 
clay and silt(laminated claystone/siltstone) 

B. Chemical Sedimentary Rocks 

Main MineralRock Name 

CalciteL. i mr-:>s tone 

Dolomite Dolomite 

A modifier may be necessary to descr·ibe a sedimer,tary roe!< 

formed from a combir,ation of dj_ffer·ent soil types, i.e., a 
11 si 1 ty S?~l\JDGTCl!\lE." i.,..1ould bt? prc0rJominantly composc:?d of ~;:.and 

qrains with a lesser· amo1Jr1t of silt grair1s. This di..::-:,tiY1ctjo·n 

is only necessary w!1en the moclifier lias e11gineerinq siqnifj-­

cance" Tl·1e ter·m m11dstone co11ld be used when tl1e compositior1 

of the sedimentary 1- □ ck is uncertain or variab].e. 



TABLE c.'0: COMMON METAMORPHIC FlDCl<S 

( Aftc,r· Flef. ':I) 

Rock Name Texture 

Serpentinite Massive to layered, 
fine to C:OdSS(::'-· 

gr·ainf.::cJ 

Formed From 

L._ i mc-2s ton(?, 
clo1omite 

SancJ~,;tone 

Ul tr·amafic: 
rocks~ i ~£? .. , 

per·iclotit<'.?, 
gab!Jro 

Main Minerals 

Calc]tP 
dolomite.:> 

SE?r·pent :i r1e0 

A. Foliated Metamorphic Rocks 

Rock Name Texture Formed From Main Minerals 

E)halePlaty, fine-grainedSlatE: 

Schi~:it IrregL1lar layers, Slate, Mic:a~ qu,:.:u·tz~ 
mE:1 d i um-qr a i ned iqnpous i,.ocks feldspar-~ 

arnph i bn J E~ 

Gne}ss Layer·eCJ, Iqneous rocks~ l"lica, qt1artz, 
c oar-se---gr a i ned feldspa,~,schist~ 

i:;andstone arnphj bol<:,: 

B. Nonfoliated Metamorphic Rocks 

29 



• • 

• • • 

Vesicles in volcar1i.c rocks are r □ t1nded cavities 

due to gas bubb].es in molten lava. Cavities or opc:.:inini,;.rs in 

(Jt~1er· rocks (e.g., intergranul.ar- space) sl1uuld be desc1··ibed 1n 

otl·1er terms, st.ich as porosity (e.g., porous sandstone). 

The oc1:urrer1ce of vesicles are to be reported using the 

Comparison 1:hart (Figure 5) to estimate relative per·cent area 

occ11pied by vesic:les and the designatjons ir1 Table 21. 

FIGURE '.5: DEGREE DF VESlCULAHITV CDMPAFHSON CHmn 

<PEHCENT BY VOLUME) 
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IJ!$J., ""'•;-~-:•.' ........ '\' .... ·~ .,;,- .~4•,••,.V''. ~- "t~ 
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,,, • ' .. ·~ . • 

' 
20% 30% 50% 

TABLE 21: DLGFlEE OF VESICULAHITV 

Percentage (by volurne) 
of Total Elample 

SomE' Vr~sicles 

Highly Vesicular 

Scor i acc:?OU'::i 

]5 50% 

> 50¼ 

:::io 

https://opc:.:inini,;.rs
https://bubb].es


Cnlor 

Rock color is riot in itself a specific engineering proper·ty, 

blJt may be an indicator of the ir1·fluence of other· signifjcar1t 

conditions such as groundwater· (e.g., mottling indicating 

wet/dry cycles), and alteratjon/weathering. Color rnay also be 

an aid ir1 subs1Jr·face c □ rr·e]ation. 

The color should be determined from ·fresl1 samples~ Descrjbe 

the:? ''net'' color of thE? r·ock ma<....:;s.. \,\l1:?ttinq thE? 1-ock ~:;amplf:~ may 

be necessary if drying has occu1·red. Use common colors (sL11 h 

as w!1ite, yellcJw, red, !Jrowr,, g,·een, gray~ blue, or· blacl<) 

becalJSP they are basic and easjer for others tci id2r1tify. For 

variations use hyphenated combinations such as red-brown. 1) □ 

not u~:;e ''ish'', or unusua1 color~;~ 

tt1rquoise or aqua~ use green-bl11e or blue-green, respectively. 

Avoid listir1q rnore thar1 two colcJrs. 

Weathering arid alter-ation should be ciescribed as part of t)1e 

rock classification. is the process of m2cha1·1iral 

and/or- cl·1emi.cal IJreakdown of rocl<s 1:hr □ L1gt1 exposure to tl1e 

elements~ whicl1 include rain, wind, pJ.a1·1t actio1·1, gro11ndwater· 

11:e, and chancJes of temperature. In ger1eral, t!1e strenqtl1 of 

roe!< tends to decrease as the degree of weathe,·ing ir1creases. 

Ir1 tl,e earliest stages, weathe,-ing is manifested lJy discolo,--­

ati()n of intact rocl< arid only slight changes in rock texttJr·e. 

With time, ~:,iqnific:an\:. chanqes.; in \-ocl< hal~clnE?s::s, !::.tr('?r1gth ~ 

c □ mJJressibj_]jty and pe1·meability cJccur, and the rock mass is 

altei-ed unti1 the i-·oc:k is clc:>compo!;>E1 cl to ~:io:il~ F.-nr cietE::-1~mi11lnc1 

stages of weathering f<Jr rock~ use Table 22, Scale of !~elative 

F~ock Weathf::?1~inq~ r:-·or c~xample~ a basalt tha,t J.s mui·c,:, th,~1n ~50 

percent decomposed (but ncit cornpletely) would be described as: 

Tl,e degree of weatt1erinq 

sh □ Lll<j be cietermjned f □ r- each rock co1··e sample: multi pl<" 

desiqnations wot1ld be reqt.1ired for variable rocl< c:or,ditioris. 

,:11 



In select cases, the term alter·ation ,nay IJe used~ whicl1 ap1J]jes 

specifically to ct,anges in the chemical or mineral compositior1 

of rock due to hydrothE?1·~mal oi- metamo1-phic activity~ A"J tF.:ar-a.t~) on 

may occui- as zones and pocl<ets arid can be found at dept~1~; fa1· 

below that of normal rock weatl1ering. 

weathering and alteration, since alteration does not strictly 

infer a reduction in rock strength. For example, a gray basalt 

that is closely jointed with extensive hydrothermal alteratior1 

and secondary mineralization~ may exl1ibit only slig!1t weathe1·inq 

along jojnt surfaces and w □ 1Jld be desci-ibed as: 

sligl·1tly weathered; close jointed; extensive l1ydrott1ermal 

alteratl.on wjth sPc □ ndary mine1-alization 11 
• 

r?)!]LE 22: SC?\LF OF REL/·\T I VE l'lOCK WfaHHEFH NG 
(Modified, /.\f tee ne,f . :i, l l ) 

Desi{Jnation 

f31 iqhtly 
hlea th E:>1- t:..:d 

ModEii-atE?Jy 
WE?a thert=:cl 

r:ir-edominantly 
I>e~ co mp o ~,,; E?c1 

De:cDmpo~-;ed 

Field Identification 

Crysta.ls are b\~Jqht. Di£.;c::ontinuities 
may st1ow some minor surface staining. 
No discoloration in rock fabrjc. 

!~eek mass is genera1.ly f,esh. DJ.scan--
tinuities ar~e stained and may contain 
clay. Some discoloration in rock 
fabric. Decomposition extends up to 

i rich into r·oc k. 

Rock mass is decomposed 50¼ 01- less. 
Sigr1ificant por-tions o·f rock s!·1ow 
discoloration and weathering effects. 
Crystals are dull and show visible 
chemical alteration. Discontinuities 
are stained and may contain secondary 
mineral deposits. 

Rock mass is more thar1 50¼ decomposec!. 
Rock car1 he excavated with geologist's 
pie!<. All discontinuities exhibjt 
secondary mjnera]izAtion. Comp l E?te 

discoloration of rock fabric. Sur-­
face of core is friable and LJsually 
pitted ciL1e to washing □ Lit of l1igl1ly 
alter·ed minerals IJy drilling watPr. 

Rc)cl< mass js completely decomposed. 
11Oi-·iqind.1 r·ock fabr·ic 11 rnay be t?.vicJE:nt. 

May be reduced to soil with hand 
pl'-essur e~ 

https://genera1.ly
https://Crysta.ls
https://alteratl.on


Relative Hardness c1·f Rock 

Di·fferentiatir1g between rocl< and soil, for enqineer·inq pl.tr· 

poses, is based fJrimarjly on values of unconfined compressive 

stnenqth. !~ocl< hardness is a measure of rock strength, and 1s 

controlled by many factors incl1Jding degree of induratio11~ 

cementation, crystal bonding, 

Determination of rock hardness 

-fit:11.d tests y]eldinq a ''field 

refined i;hrough fur·ther field 

and/<Jr degree o·f weatl1erir1q, 

may be estimated through ma11ual 

c.la(ssification'', which c:an IJE, 

and laboratory testing. ·rhe 

sea.le of rock l·ia1clness to br-:? used is prE?sentecl on TablE? t:~::3" 

Thee? relativf? har·dness of rock should be dete1-minecl for· (-?ac:1·1 

r·oc!< core sample: rnultiple desicJnati □ ns would be i~equirecl i- □ l-

vai-iable rock conditions-.;~ such as changi;:::is in weather·in(J arid 

joint ·fillinq. 

T/~BLE 23: SCALE OF RELATIVE FlDCK HARDNESS 
(Modified, AftPr Ref.3,12,1?) 

Hardness Field 
Term Designation Identification 

Extreme•J,1 

Ver·y Soft 

Soft FW 

Mc-?dium Harci 

Hard 

Ver·y Hani 

R:O 

FU+ 

Can be indented with 
by thumbnail. May be 

Approximate Unconfined 
Compressive Strength 

difficulty < 100 psi 
moldable 

or friable with finger pressure. 

Crumbles under fi1-m blows with 100--1000 psi 
p<Jint of a geoloqy pjck. Can be 
peeled by a pocket knife. 
Scratched with finger nail. 

Can be peeled !Jy a pocket knife 1000- 11000 psj 
with difficulty. Cannot be 
scratched with finqernall, 
Shallow indentation made by 
firm blow of qeoloqy pick. 

Car, be scratched by knife or 4000-8000 psi 
pick. Specimen can be fractured 
with a single firm blow of 
hammer/qeoloqy pick. 

Can be scratched with knife 8000-16000 psi 
or pick only with difficulty. 
Several hard hammer blows 
required to fracture specimen. 

Cannot be scratched by knife 160(>0 psi 
or sharp pie!<. Specimen r·equires 
many blows of !1ammer to ·fracture 
or chip. Hammer rebounds after impact. 



Structure 

Structure r·efers to large-scale <megascopic) planar or orje11t­

ed features whjch are 5j_qnificar1t to the overall strerigth, 

permeability, and breal<age characteristics o·f tl1e r- □ c!< u11jt. 

Planar structural features include joints~ beddi.ng~ ancl 

faultc;. Tl·1ese terms are defined below. DthE'r· or j ented 

struct1Jra] features include mineral/grain orientation (i .ey, 

foliatiori, ·flow banding and folded origj_nally planar featt1\-es) 

or r·oot holc-2sp 

;J°QJ.D.~..?. F1 lanar hr·c}aks Or" fractur-E?<.:':> in y--ocl< a:tor·,g whicl·, l'Jq 

mo_vem£~_n_t___..ha_s.....,occur·i--..ed par al lPl tu the fr·actur·e sur··fac(?. a\ E' 

defined as joints. They may range from perpendicular to 

parallel ir1 or·ientation wit!, r·espect t □ bedding. 

pattE~r·ns of morP o,- less pa,-al lel joint~-; is ca] lE>d a j_o.tn.t_ 

·rwo or more joir1t sets or a patter,, of joints defi11e a 

J.O i.n.t .system. Tl1e number of joi.nt sets is most reliably 

obtair1ed fr·om rock exposures. 

Stratification ot· rock is evidenced by 

changes in texture, composition~ age or unique forms. 

applies primarily to sedimentary and pyr1Jclastic rocks. 

terms related to strati·ficatior1 are definec! in ·rable 24. 

!'lTFl/1TIFICATION TEF<MS 

TERM 

laminations 

parting 

-foliation 

CHARACTERISTICS 

thin beds:.,; (( cm.) 

tendency to breal< along lamir1ations 

tender1cy to br·ea!~ parall.el 
scale 

non-depositional e.g., 
layering of minerals in 

to bedding, any 

segregation and 
metarnorphic roc!<s 

https://beddi.ng


~Joint nr ____B{?.dd_i_nq £.Jpac_inq In c.1eter·minirHJ thc1 ranqe of cli~;---

tances between individual joir1ts or beds, care must be tal<er1 

to distir·1yl1ish between joints arid mer:1,anical breal<s t!1at are 

caused by hand1.ing or drilling. ThE~SE? typl-?S of mc"":'chanic:a l 

breaks are ·typically rough ancl irregL1lar, st1owing a f1-es!1 i- □ ck 

surface and are disregarded for description. Soml'::' mc?chanical 

br(-?ak~;, thoU(:Jh, may bt'"!' causecJ by hc.1ndlinq or dr·illinq~ but 

occt.1r- along c)xi~;tini;J joint£~ 01- fr-actur·e£,, and should bt? 

descr·ibed accordingly. Joint/b(::?dding ~:ipac:inq is ba~:>0.?d on 

Table, 25. 

TABLE 2'.i: .JOINT /.'.\ND BEDDING SPACING TEl<MS 
(After· f~ef. ::J, le',', 1fll 

l1ore than 10 ft. 

Spacing 

Less than 2 in. 

C~ in. -- l ft. 

1ft. 3ft. 

3 ft. -- 10 ft. 

Joint spacing 
Terms 

Ver-y close 

!1oderately close 

Wide 

Bedding/Foliation 
Spacing Terms 

Very thin la.minatL?d > 

Thin 

Medium 

Thick 

Very thick <massive) 

f:.~1AJ..t.~~ Plana:r· break~; nr- ·rr·acturr?.~;~ alonq which \}__i..~?J.:_))_9_\:.::_i_?ffl.t}FJt-. 

h..~:l..?~ ..9.~;..,t;J}.Crf~__\t par-al1e1 to the ·ft~actu1·c, surface a1~F?. termed as 

faults. The presence of go11ge (1J11lverized rock)~ bedding 

offset, and/or slickensiLJed surfaces (commonly with miner·al 01~ 

clay coating), may be indicators of ·faL1lt move1nent. 

no1: all slicl<e11sides are caused by faulting: slicke11sicies ca11 

bl?. caused by defor·mation (i.e., folds, flows) or· lancisl.i.c.linq .. 



/~t_tJtude The inclination of a joint, fault, or bedding plane 

or other linear feature is measured from horizontal. 

presents joint features that should be identified/measured. 

The angle that striations (slickensides) make with a horizon­

tal line is known as the 11 rake' 1 
, as shown on Figure 6. 

FIGURE 6: MEASUHEMENT OF JUINTS 

(After Flef .1::n 

INCL. Il\J!H I ON l~Al<E 

•\ 
\ 

TRACE'. UF-----..Jr-
JD l NT PL.ANE \ 

h0° JOINT---------_,,,. 
INCL. IN!\lTLlN 

Strike and dip of joint and bedding planes are usually 

measured in test pits or on outcrops, since core obtained in 

most drilling operations will not be properly oriented. Joint 

and bedding planes sh □ tJld be described in terms of orientation, 

i.e., strike and dip. Primary and secondary joint sets should 

be defined where possible and appropriate. Typically in reel,, 

one joint set may yield slabs, two intersecting joint sets may 

yield wedges, and three or more intersecting joint sets may 

yield blocks or highly fragmented rock. 
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Separation ·rhe separatio1·1 or relative iJpenness elf joints may 

be dt?~::.ci- i bi:,?d a:;: 

a) QQ§O, a11 existing planar surf.ace that is separated □ 1-

separates easj_]y when har1dled, and may have 

,nineralizatjon or· staining/weathering on tl,e joir1t 

surfacr:?s~ Whr:::rE~ measurable, identify the open)n~J 1;-Jidth 

(apert11re) Open joints are possible g1··our1dwater 

dr·ainaqe paths. 

b) clcJsed~ an existj_ng planar st.trface that separates 

v,iith qreatc,r di·ft-iculty, seen dS a 1'hairlin{::> 11 tr-·t1.C(~:' on 

the outside of the sample/c: □ 1-e~ and usually does DQt 

have soi] or miner·al surface coating. 

c) b~0l§~, breaks open easily or witt1 difficL1lty, see1·1 

eit!1e1- as a hairline trace or seam of some thickness on 

t~ie □ iJtside of the sample/core, a11d usually contairis 

soi] or minerals as a filling between joint surfaces. 

Fil)).nq "fhis term r·efers to tl1e material in the spa(:e between 

adjacent surfaces of a discontinuity. The filling materia] 

may C!Jnsist of weathered or !1ydrothermally altered pr·odt.ic t~::. ~ 

secondary mineral precipitates, mylonite or g □ L1ge. The 

material descr·iptior1 and thicl<ness of the fillinq material 

should be rep □ 1-ted. 

https://pr�odt.ic
https://Fil)).nq


Cont:i.nui·t-t. Continuity is an expr·r?s::"5iDn of th1:-? later·aJ exten··­

sion of tl1e discoritinuity, as measured or projected along its 

strike and dip. Cor,tinuity is a very important property o·f 

the roe!< mass~ as a single continuous joint may actually 

control the IJehavior of the entire mass. 

joints are continl1 □ us may requjre test pit~ outcrop, 01·· 

additional borehol.e information f!Jr· confirmation. De:::; c r· .l pt 1on 

of joint continL1ity~ as defined in Table 26, should in(:l1Jde ar1 

indication of certainty and tt,e met!,od o·f obser·vation. 

TABLE E'6: DEGREE OF CONTINUITY 

(f,ef. lZ') 

Length 

Discontinuous 0--:'ift. 

Sligt1tly continu □ 1Js ;:j - 10 ft. 

Conti nuoul?:~ 10 ,,_o -rt. 

Highly continuous > t+O ft. 

Cor-e Recovery and Rock Qua] ,_ty Desiqnation (RQD) 

Core recovery ar·1d the Rock Quality Designatior, are meastJred 

indicators of tl1e quality and structure of roe!<. Both the 

percent core recovery arid the RQD s!1ould be (jetermined ar1d 

recorded on the field boring log for each core run. The cor {:? 

recovery is caJ.culated by dividing tt1e length of core retai11eci 

(recovered) in the core barre] by the total run lenqtl1 expr·essed 

as a JJE~rc<::'nt. 

3fJ 



The l~QD provides a subjective estimate of rock mass quality/ 

structure. ,-11e RQD js a modi·fied core recovery percentage in 

which only pieces of intact rock cor·e 4 inches or qreat0r ir, 

length are measured (average lenqth). The smaller 1Jieces ar·e 

considered to be the result o·f close jointing, f1-act1.1i··j11g r1r 

weatherinq in tl1e roc:k mass~ are therefore ·frornarid excluded 

tl·1e RGJD dE-?tei-minati.on. !:'.;;OD is a\-; th<-::> ( umulativeThe def·int::el 

Lotal lenqtt, of all pieces 4 ir1cl1es long or longer divided !Jy 

the total run length, expressed as a percentage. Mechar1ica] 

breaks, such as caused by handling or drilling, sl101.1ld be 

noted as sL.1c~1 and not included in t!1e RQD calculatior1s. 

e11d of tl1e 1:ore rL1n, the RQD should be determined or, the basis 

of [Q~h core length where this is done it; shot1l1J 

be clearly defined. RQD is not appljcable to fissile 1-ocks 

su!~I, as sl1ales. Diffic11lties suc1··1 as distinguisl1inq natural 

·fractures in tl1e rock core from ,necl1ar1ical breal<s and tl·1e 

insE•ns;itivity of the? r:~QD to thE'.> t:)qhtnc:2~~~; of ir1div:ic:lual jo)1·1t::-> 

n,ay limjt t!,e use of the RQD ir1 evaluating in situ roe!< pro·­

pE·r-t i E?!3. 

Other Rock Char-acter·istics 

Otl1er physical c!,aracteristics should b~ describe<J~ rlepending 

on the :;cope and objectives oi·- the pr·ojr:?c::t. ·1·hE?Se may inc}tJdt2 

the t·c l 1owi nq: 

MJner~~J_i.zc.3:J;_i~.1:r1 St?cond<:·~ry mir1c•r·alizat:ton i~::i the introductloi·1 

of new minerals to a roe!< mass from an outside source, or 

through alteration of P><istinq Miner a.l izat icn1 may 

occur in voids, along joints; within ground mass.en· tl1e 
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Iron-oxide staining usually indicates the static qroundwate1·· 

lcvr?l may fluctuate, within tl·1t?. di~}c:0J.or(0d zonE:.1. lhc_i :tr·oy1 

o><idc--c> may only bt? a clisco]oratior1 of ~;urf·acc~?s, or an ~c1ccumc1-· 

lation of brigh·t orange materjal several inches tl·1ick and 

varying in hardr1ess. Sulfide or· carbonate minerals, such as 

pyrite or· calcite, may be pr·esent and could denote groundwater 

of hiqh mineral or bicarbonate contE?nt. Altei-ation pr·oduc t:~:1 

may indicate an increase in hardness/brittleness (i.e., 

siliclfication~ usually due to hycJr·othc-:ii-mal altf?r·ation), oy~ 

reduction of rock str·ength if sofi; clay minerals l1ave devel 

oped along joirits or replaced major constitL1ent minerals 

(e.g., the feldspar crystals in basalt alte1··ed to (:lay). 

I?..l!~kj_y)q.. The t(-2ndenc:y foi- i--ock to disintf?g1~ate under condi·· 

tions of wetting and drying, or when exposed to air is called 

slaking. This behavior is related primarily to the 1:t1ernical 

composition of the material. It may be identified ir1 tl1e 

field if samJJles shrink and ~rack, or otherwise degr·ad1? tJr □ 11 

drying~ or being exposed to the ajr for several ho1Jrs. If 

degradation occurs, and slal<ing is suspected, an air-cJried 

sa,nple may be placed in clean water to observe a reactlor1. 

The qreatei- the tc:ndency for slakinq~ the-? more? r-apidly cleql·a·-· 

dation vJill occui--. This tendency should be expressed on field 

lo9s as.:, '1 potential fo1- slaking' 1 
, anrJ can be coni::-ir·m1:-:_ic:I thr uuqh 

laboratory testing. 

r::-_l,.J,?Jst .. !-;D.j._j; .½l~tg_lJ.t Thr:-: unit wr-?iCJht of r·oc:k can bEi import,a.nt 

and LiseftJl in engineering design and practice. ·rhe unJ.t 

weight can be deter·mined by performing a field bulk spec fie 

gravity test and multiplying by the ur,it weight of water tu 

get t!,e r·ock unit weigt,t. T!·1e procedure consists of wejgl1i11g 

t~,e sample in air (8) and ther1 weigl·1ing it in water· CC). 

B 
" (62.'+), lbs. per. cu. ft. 

B C' 

field unit weight -

https://import,a.nt


If a1JplicalJle to tl1e 1Jr1Jject, 

the joint/fault surfaces should be inspected and tl1e surface 

condition described. Joint surface roughness car\ be defined 

in terms of· a Joint Roughness Coefficier1t (JRC), wl1ich re­

q1.1ires estimation or measurement of the sur·face unevenness, 

i.e., rougl1 or smooth undulating, rough or· smootl1 nea,-]y 

planar. Tt1e JRC stiould be determined i11 tt1e direction of 

anticipated block movement. St1rface rouqhness is best deter-­

mined on in-place discontin1Jities ratt1er than core samples. 

For furt!1er detail, see References 5~ 6, and 13. 

Voj~~ Upen spaces in sedimentary and metamorphic rock are 

generally caused by chemical dissol1Jtion or the actior1 c·if 

Since mo~:;t of thr::'SE? voids resu1 t fr·om t!1E: 

ac:tion of groundwater, the openings are usL1ally e]ongate jn 

the l1or·jzo11tal plane. T~,e size of voids, where signit.icant, 

should be meaSlJred and recorded with the rock classific:atior1. 

Ff.l'rmat ion Name 

Various roe!< u11its are gener·ally l<n □ wn by formational rlames 

(i.e., Columbia River Basalt Formatio11, Astor·ia Formation, 

lJmpqua F □ r-mation) and can be identified wi.thin project bou11d­

ar·i0s by examinati □ r1 of cor·e samples, rock outci- □ ps, and 

qeologic literature. Wher-F.1 the for·matiun name i::.-; knov,.1n, it 

should be included at tl·1e end of tl,e rocl< classification (ir1 

parenthe::.:;E•s) ~ 



!30ILS AND GEOLOGIC EXF'LDHATION LOG 

()i "Soils and L;E~oloqical E:'.><ploration Loq 11 ~;houJ.d be rnadE:• foi­

each exploratory boring, !,and-auger hole, probe hole and test 

pit. The loq can also be used to desci·ibe inspected cut 

Information provided on the final logs sho11ld he 

either typeci or· neatly prir1ted so tl·1at legible copj_es can be 

maclP ~ Soil and rock descriptions/classifications arid term--

ir1ology sl1ould be consistent with this man1Jal. 

are to be avoided unless thay are defi1·1ed in this 1nanua] 

Sample descriptions are shown on pages 45 through 48. 

The logs sl1ould contain basic reference information at t~,e 

top, inclL1ding project nan1e, purpose, specii:ic locatior1 and 

elevation, exploration hole number, date, drilling equipmer1t, 

r,1- □ cedures~ drilling fl1Jid, etc. Eact1 sample should be fLJlly 

desc,- i.tJeli. Referencing a previous sample is not re!:ornmended 

since r·are]y are any two samples identical. 

stratum contact, discontintJity, and lens should be recor·ded. 

·rhe reason for explor·atory hole termir1ation and a list/des­

cription of instrumentation installed sl1ould be wrjtter, at tl1e 

end (botto,n) o·f· each exploration loq. 

Firald Log 

·1·1,e field Jog is a record whicl1 sl,ould contain all of the 

informatjon obtained from an exploratory hole wl1etl1er or not 

it may seem important at the time o·f explor·atio11. l t 1 ,; 

importar1t to record all information in an accL1rate manner. A]] 

soil and rock samp].es are to be fully described immediately on 

rE:,covery" Dc::~pths of samplr:is, top and bottom of E?ac.I1 ~.;t1·c1t1.Jm/ 

layer, ciisconti11uities, field tests, a11d groundwater level(s) 

https://t1�c1t1.Jm
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shol.ild be measur·ed to t~,e riearest; 0.1-foot. 

driJlinq £.;toppaqe and ciate/tim(.::? (i~e-s end of shift) shcuJd bE? 

lkillinq F<emari<', 

·rhe materjal that is n!Jt r·ecnverPd is frequently si11nificant 

in the desjgn of foundations~ excavations, perto1··manc2 cJt 

fills, and otl·1er geotechnical designs. Su!Jsurface coi·iditjons 

ai-e not always f11l]y described by deper1ding solely on material 

rJF:scr i pt i urv:-s ~ 

c:!·1ar·acter of dri 11 inq and diffjculti('::!~; f:>nc:ounter·1::1d v,1hi lE' 

advancir1g the IJor·ing should be included on tl1e exjJl □ r-ation 

loq. Drillinq remarks may include: 

ob~;truc t) ons 

ciifficlJlties in drilling (cav]nq, !·:;ur·qinq sand~;, c:avE"r·ns, 
etc.) 

color of water retLtrn 

return water constituents 

relative drjlli11g down-pressure and exact deptt1 <Jf major· 
pr·e~-:;~:;urc? c:hangi:-:i:::::, 

length of time for eact, core run 

expla11atior1 for incon1plete ,-ecoveries (SPT t.)hE:~lby, Core) 

artesiar1 water pr·essure or elevatjon t1ead, and depth wl1ere 
encounterr::id 

reasons for using drilling mL1ds, cAsing, or special dril] 
bits 



Final Loq 

·rhe final log is prepared fr·om the field log after completi11g 

1~outj_ne laboratoi-y tests (such a~; moistu,-e contents and check 

classifications) ar1d comparing with other exploratior1 r·eco1·ds 

f□ i- the same project. The final log incl11des descriptions (:lf 

all 1naterials, coriditions, drilling remarks, and results o·f 

fj_eld tests and any instrumer,tation. Where groundwater 

observal;ion wells or piezometer·!; are installed, sever·aJ 

measuremer1ts are usually necessa1-y following drillir1g to 

verj_fy t!1at measured groundwater levels or pressu1··es t1ave 

achieved equj}ibrium. r=or in~stanc:(::~, if dr·il) v-iat(c?f is usE-?d ]n 

fine-qraii1ed soils, and the exploratory !1ole is not bailed, 

then the obse,-vation WE?lJ lE~vels will tJe initially hiqh, 

dropping wjtl1 time to tl,e actual groundwater level. It is 

desirable that -final loi;:Js inc:luclt:? med.sur(':."ment::-J o·f qi oundt"'iatt~r 

lf?vel~; durinq 1;,1inte1- and ~.:.iumme1- mor1tl"1s in or·dt::'r \;o c~~staL1l ish 

the 1-anqe of groundwater fluctuatjon. 



Hole No__T_B_8_7_·_/__ '.2 2Page __ of --· 

Material Description 

Color Wet-Dry 
Consistency Jointed-Broken 

Driving Plasticity Angular-Rounded 
Resistance Organic Content Drill Remarks etc, 

~27 c:,z 
--,--, 

-
-
~ 

-

~ 

32. C-3-

-

-

-
37 C-4 5.o' /00 R3 / 7 A (C-4) 37 - 42 

------+--t ///00 T t-----t-"cA-c6oc-C'::c::,~L-=o-cM-cE:ccRr>CACCT:C-E=--,---c:r,ze-cllc:oc-;w-;---brrc-o::cwcct;c:J-,7"',;/ T,7:,.T7/V---J71'c"'·m 
-

I= >----,>---_W_e_qtnerei:T,Medium hard, MciS51Ve,-
i----..--------->----->---+----<42' (Litl-/e 81Jffe 5er;es,),- -·-

F17d of' hole Cit 4:2.r;?-/D!e rermmCJtBd 
Qtrer /5 reet of core rea:,verv. nole ½t/S 
t:alied ur:,on comt:J!efion. A 3h • inch stqnc/-
p1r;;e mez:ometer tube wcis 1175fa/led to 

oenfomre ega/ r>faced qt co//qr, 

f-

f-

f-

f-



SAMPLE I 2Page __ of __ 

SOILS AND GEOLOGICAL EXPLORATION LOG 
HIGHWAY DIVISION 

Project 

Highway 

Purpose of Work 
Equipment-,-

Bric 'ae Rerilqceme.n r 

Geologist 

Hole Location L, Line, Sta. l/0 + 35 
Tests 

"N" -Standard Penetration, 

''M''-Oregon Miniature Pile, 

"C" -Core, Barrel Type HQWL 
"U" - Undisturbed Sample, Size 

No. 

No. 
No_ 

No. 

Lt. 

_±__ 
--
__d_ 

I 

Hole No. T/3 87- / 
County LOt'ie Prefix COOC! .. / "f-i?>O 

,BridgeNo. 846/ 
Tube Elev. / SI f;/, 

Driller CUt<I\I iiUaer, Recorder Gee won 
Ground Elev. / 7 9 "'/2 1 C.L. Rt. 

Drilling Method 

Auger Depth 

HQWL Casing Depth 

Open Depth 

Total Depth 

Groundwater Leve! 

Date Depth 

-+2' 8·!9·R6 /6,3 1 

4:21 
Date Started 8 - /2 - BG IDate Completed f3 •• /2 .. 86 Sample Data Sheet No. A .. 00000 

Driving 
Resistance 

-1-----+-- -- -- --- - -- - - ----

-- ., -----------

Material Description 

Color 
Consistency 
Plasticity 
Organic Content 

Wet-Ory 
Jointed-Broken 
Angular-Rounded 
Drill Remarks etc. 

7: N---I---'__ -2-- - 3 - 4 · 7 /.5 1 7'?. f--s~s=+~CN-~--/~)~7''.-.~9~,-------------------j 

: =--------+-1--_-_-_---_-_-_-_-_-----+----------+--1--_-_-++--=---=--=---_--1--, cH _ ~:!~~;~~~ ~7~#:"!li1!/?9JJ-rt~~~f'i~/ty, ___ 

57 _{jv '2) /0 
1 
~•~/~2.'-'~~c~-----~- ~---1 

,___-+-'c=l~R"'v_,ey,S!LT, Mfi,tJI;,TofWfl_-:__9._r_e)(._. Mecf1um 
,_ _______ --+------1/Vll-l ______ _p/ctsric:.tf-y, Wef, ST11 1__(A//LIV!lln7), 

12'-!5' qclvanced ccts11)g,Smcoth cir1/lmg 1lost clrcm wafer re.I-urn cit /2.,; 1• - ---

2.61 /00 (N-3) l5'-17'_____~~-~~-
-- SAND, SPi Pi!le brown, Ne;n-pk,sfic-J~W.~e~t;~'--1---< 

__.__ __,_________+--1----f---------_--ISP ;VJeciiZi1ii c/en,se, Fine sonc/ 1 wHll--r:117cn 
- )4yer Of c/ayev s17f-cFFTs:iio 1, 

--- - /8.0 1 _____+)_7- 20 1 cidvanced CC/5/r,g, Smrof!?oFi77liig 
-~------- -l----------1--- ----+--_ __,>- 'to /_8 1, Dri/TI:>ouncma 18'- 20', 

201I::4_,__-lf--~/4_._-__$,--=0c.;)7--=,o--=:2=-·-··_r-f--o,--=s-'f-2C..5c_+---1 _ {N-:!f:. )2o~·'-~2~2::::c.----
1 
-~----~~------1 

scmc/y 6RAVEL w,tn some cob!':>/Cs 

---1------1--------- -------l----l----+---GW --- ~~EW!i~?~~7iff::.i;~~%T5%~':/41j~~-:n 
1----+---------+--1------- --- --- cof;,/:,,le , 

l1x;tal/ core /xlN°e) af 22'. ~ ----+---------+--+--+--

734·3976 (REV. 12·82) 
45 



SAtv1PLE 
SOILS AND GEOLOGICAL EXPLORATION LOG 

HIGHWAY DIVISION 

County kcro/an 

Driller J, S/7?/rn 

C. L. Rt. (50 ' 

// Drilling Method 

G Hollow S1/t!inAuger Depth 9, 5 
1 

H9Wl Casing Depth 
Dril7rrq f/tJ/d Open Depth --,/"'5"'·,-
WA T Ef/. Total Depth '?4-• 5 1 

Sample Data Sheet No. 

Page _I~ of~ 

Hole No. TB 85· I 
Prefix COOO·l'200 
,Bridge No. 

Tube Elev. 42 JG I 

Recorder M , J0()6S 

Ground Elev. 42. I 4 ' 
Groundwater Level 

Date Depth 

!0·/2·85 7,0' 

Project Ral1enh • Old Toofh Rd, 

Highway Motmfam Pass /'482 J MP 37 

Purpose of Work H;anway Re Q/1anment 

Equipment Mobile 8 !53 . :II: 84 •. /09 
Geologist G, Runyan 

Hole Location l-'2 Line, Sta. 48'8 -f 2{; Lt. 
Tests 

"N" -Standard Penetration, 

"M" -Oregon Miniature Pile, 

"C" -Core, Barrel Type -----'-H.,_9,.____ 
"U" - Undisturbed Sample, Size 

No. _±_ 
No. 
No. 3 
No. 

Date Started /(') · 7.85 IDate Completed /0-8 -85 

3,5 N-1 

1---- -

Driving 
Resistance 

f- - -· 

i:' I'O • • 
~ t >

D 
0 > "••o ro u a:•• ;f
" a: 

--1<-----+---+- ··- - . --

--·- 1- --1--------l 

0,8 50 

- -·---+----------·-·----+---+---+---

----·--+---------+-~-- + 
.. -1-----+----- --l---1 ----- -· 

734·3976 (REV. 12·82} 

------· 

/0 • 3/ • 27 

12 • 41 - 22 

I----+--.------·-· 

... 

----· -- .. ------
.. 

Material Description
"' 3 Color Wet•Dry~ Q) 
u 0 ' Consistency Jointed·Brokeni' -ro•0 
0. z .:'? Plasticity Angular-Rounded

D~ Organic Content Drill Remarks etc.0 "il-~ 

78-(N--I) 3,5-S,6' 
• C/4yey-S/L T w1fn frq_ce_ftne sc1nq-1ML, 

- 131,ovvn 
1 

/-ow p/qsi-/cJfy, Damp, r!ii- -1-- _____ 

, {_Docoi,,posea Bq,c;q/f ),'--------------1 

, !,dyance;e-i cwger to S, !5.' 

f:2r71/ acfion smoofh , 

28 (N-2.) S,5 1 
-- 7,0_1 ~-~ 

Clavey. SILT wifh frqce, tihe scma - --
ql)d r/"Qce of coqrse_gt'ctVe/ s12~e______, 

GL!bCim?Ll/ar Joa54(f 7r'aqmen f~, Ml-, Br-own. 
. Low "'Fisik::;[b,_J Mo!Gr, Hc,;y:,J, (f)ecornpose;:L 

-- ___-_ (:3C/S0/'fJ. ' ' ' 
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2 2Hole No __T_B__B_S_-_I___ Page __ of __ 

Material Description 

Color Wet-Dry 
Consistency Jointed-Broken 
Plasticity Angular-Rounded 
Organic Content Drill Remarks etc, 

Insta11ea H,c,.,, W, L, thn::,u3_u hollow stem 
auo,er,Beq1n corm0 ctr 9,5', 

(C· I) 9,5 ' - ;,q.;5' 

/i:f)C1 Of hole cit 2.::;,, !?, ' fi'vc- -Te<!.7 11:?/ow 
i'OfX)5CCf 3rc1qe ' One - -,r,ch ope./7 

'71qne1r-,Jr::,e p 1e2 ornefeJ' flll-">e -1,-1'-?b~-.f-,a~,1~/ie~:a=--1 
to bo1·N>m 'of hole , -3loffec1 t·rorn /0 ro 
24 reei" w;ff, q i-wo - fror ;::,,:n;rc.,n1re:, 
eec;J trom 8 m /CJ f'eef, f3c?ckf//lect qf:x,ve 
ctn,:::! c,c1ow s0::1; wd'h c/ec:m coarse sc:mq, 
A one - roof tx:mton1-re seoI plac:gc~ o__/-_ ____, 
collcir·, Nole wq.s hmlocf upon comp/cf!on, 

".c 
Driving0. ti&. 

~ ~~~ Resistance 

5,Ci Too R·4./ 
+---l-----------1------j----+~/J.()_O 

I 3" • •>"' 
O> 

~~ e! t 0 u a " ua> :c - a•o • 0. •t;• u a: z ·o 
::;••a: ;, C, ~ :'E 

~ 

79,503 

-

-

5;0 /oo R·4/ 
//00 

-
-

--

-
-
-

---- -·1-----------+--+--+------I 

-1----+---------+--+----+----I 

-f------+---------+---1--

-t------+-----------t---+---t-----t 

... 

... 
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~ ITT~ 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 indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year oflast reapproval. 
A superscript epsilon(!) indicates an editorial change since the last revision or reapproval. 

This test me/hod has been approved.for use by agencies of!l1e Deparlment ofDefense andfor /is1ing in the DOD Index ofSpecifications 
and S1andards. 

I. Scope 
1. I This test method describes a system for 

classifying mineral and organowmineral soils for 
engineering purposes based on laboratory deter• 
ruination of particle.size characteristics, liquid 
limit, and plasticity index and shall be used when 
precise classification is required. 

NOTE I-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 dual symbol 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 
borderline condition can be indicated with two symbols 
separated by a slash. The first symbol should be the one 
based on this standard, for example, CL/CH, GM/SM, 
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 symbol (CL/CH, CH/CL) will 
alert the user of the assigned classifications ofexpansive 
potential. 

1.2 The group symbol portion of this sytern 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 As a classification system, this test method 
is limited to naturally occurring soils. 

NOTE 2-The group names and symbols used in 
this test method may be used as a descriptive system 
applied to such materials as shale, claystone, shells, 
crushed rock, etc. See Appendix X2. 

1.4 This test method is for qualitative appli­
cation only. 

Non 3-When quantitative information is re­
quired for detailed designs of important structures, this 
test method must be supplemented by laboratory tests 
or other quantitative data to determine performance 
characteristics under expected field 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 l 952 as an outgrowth of the Airfield 
Classification System developed by A. Casa­
grande.2 

1.6 This standard may involve hazardous ma­
terials, operations, and equipment. This standard 
does not p11rpor1 to address all ofthe safety prob­
lems associated with its use. It is the responsibil­
ity o.f whoever uses this standard to consult and 
establish appropriate safety and health practices 
and determine the applicability ofregulatory limi­
(ations prior to use. 

2. Applicable Documents 
2.1 ASTM Standards: 
C 117 Test Method for Material Finer Than 

75-µm (No. 200) Sieve in Mineral Aggre­
gates by Washing3 

C 136 Method for Sieve Analysis of Fine and 
Coarse Aggregates3 

C 702 Methods for Reducing Field Samples 
of Aggregate to Testing Size3 

D420 Recommended Practice for Investigat­
ing and Sampling Soil and Rock for Engi­
neering Purposes4 

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

1 This test method is under the jurisdiction of ASTM Com­
mittee D-18 on Soi! and Rock and is the direct responsibility of 
Subcommittee D18.07 on Identification and Classification of 
Soils. 

Current edition approved Oct. 25, !985. Published December 
1985. Originally published as D 2487 - 66 T. Last previous 
edition D 2487 - 83. 

1 Casagrande. A., "Classification and Identification of Soils," 
Tran.1·ac1io11s. ASCE, 1948, p. 901. 

l Annual Hook t!fASTM Standards, Vol 04.02. 
◄ Annual Book <!fASTM Stu11dard.1, Vol 04.08. 
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termination of Soil Constants4 

D422 Method for Particle-Size Analysis of 
Soils4 

D653 Terms and Symbols Relating to Soil 
and Rock4 

DI 140 Test Method for Amount of Material 
in Soils Finer than the No. 200 (75-µm) 
Sieve4 

D 2216 Method for Laboratory Determina­
tion of Water (Moisture) Content of Soil, 
Rock, and Soil-Aggregate Mixtures4 

D2217 Practice for Wet Preparation of Soil 
Samples for Particle-Size Analysis and De­
termination of Soil Constants4 

D 2488 Practice for Description and Identifi­
cation of Soils (Visual-Manual Procedure)4 

D4318 Test Method for Liquid Limit, Plastic 
Limit, and Plasticity Index of Soils4 

E 11 Specification for Wire-Cloth Sieves for 
Testing Purposes3 

3. Summary of Method 

3.1 As illustrated in Table I, 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 gro.ups. 

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. I 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 to 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 ofthis 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 
D2488. 

5. Terminology 

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

NOTE 4-For particles retained on a 3-in. (75-mm) 
U.S. standard sieve, 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.S. standard sieve, and 
Boulders-particles of rock that will not pass a 12· 

in. (300-mm) square opening 

5.1.1 gravel-particles of rock that will pass a 
3Min. (75-rnm} 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 3/4-in. (19-mm) sieve, and 

Fine-passes ¾-in. (19-mm) sieve and re­
tained on No. 4 (4.75-mrn) 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-µm) U.S. standard sieve with the follow­
ing subdivisions: 

Coarse-passes No. 4 (4.75-mm) sieve and 
retained on No. IO (2.00-mm) sieve, 

Medium-passes No. JO (2.00-mm) sieve and 
retained on No. 40 (425-µm) sieve, and 

Fine-passes No. 40 (425-µm) sieve and re­
tained on No. 200 (75-µm) sieve. 

5.1.3 clay-soil passing a No. 200 (75-µm) 
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 in·dex versus 
liquid limit falls on or above the "A" line. 

5.1.4 silt-soil passing a No. 200 (75-µm) 
U.S. standard 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 if the 
plot of plasticity .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 liquid 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 
va1ue 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 to This 
Standard: 

5.2.1 coefficient of curvature, Cc-the ratio 
(D /(D x D where D D and D,o are)' ), , , 

6030 10 60 30 

the particle diameters corresponding to 60, 30, 
and IO % finer on the cumulative particle-size 
distribution curve, respectively. 

5.2.2 coefficient of uniformity, Cu-the ratio 
D60/Dio, where D60 and D10 are the particle di­
ameters corresponding to 60 and IO % 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 to 
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 data, 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) 100 g (0.25 lb) 
9.5 mm W• in.) 200 g (0.5 lb) 

19.0mm(3/,in.) J.0kg(2.21b) 
38.1 mm (11/iin.) 8.0 kg(l81b) 
75.0mm(3in.) 60.0kg(!321b) 

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 a1so be performed, additional material will 
be required sufficient to provide 150 g to 200 g 
of soil finer than the No. 40 (425-µm) sieve. 

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

8. Classification of Peat 

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

9. Preparation for Oassification 

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-µm) 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 limit 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 (by 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 is 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: 

3-in. (75-mm) 
%-in.( l 9.0-mm) 
No. 4 (4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (425-µm) 
No. 200 (75-µm) 

9.8 The tests required to 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-µm) 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 particle-size distribution 
curve, as described in 9.8.1, is required, and the 
liquid limit and plasticity index are required. 

9.8.2. l If sufficient 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 I 5 % 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. 

JO. Preliminary Classification Procedure 

10.I Class the soil as fine-grained if 50 % or 
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more by dry weight of the test specimen passes 
the No. 200 (75-µm) 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-µm) sieve and follow 
Section 12. 

11. Procedure for Classification of Fine-Grained 
Soils (50 % or more by dry weight passing 
the No. 200 (75-µm) sieve) 

11.1 The soil is an inorganic clay if the posi­
tion of the plasticity index versus liquid limit 
plot, Fig. 3, falls on or above the "A" line, the 
plasticity index is greater than 4, and the presence 
of organic matter does not influence the liquid 
limit as determined in l l .3.2. 

11. l. I Classify the soil as a lean clay, CL, if 
the liquid limit is less than 50. See 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-ln cases where the liquid limit exceeds 110 
or the plasticity index exceeds 60, the plasticity 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 liquid 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 silt, ML, if the 
liquid limit is less than 50. See area identified as 
ML on Fig. 3. 

11.2.2 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 limit test shall be performed on a test 
specimen which has been oven dried at 110 ± 5°C 
to 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 silt or 
organic clay, OL, if the liquid limit (not oven 
dried) is less than 50 %. Classify the soil as an 
organic silz, 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 organic 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 silt, OH, if the liquid limit (not oven 
dried) is 50 or greater. Classify the soil as an 
organic silt, 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. 

11.4 If less than 30 % but 15 % or more of 
the test specimen is retained on the No. 200 (75-
µm) 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 is 
retained on the No. 200 (75-µm) 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-
µm) 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-µm) sieve and the coarse-grained 
portion is predominantly gravel. For example, 
sandy Jean 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-µm) sieve) 

12.1 Class the soil as gravel if more than 50 % 
of the coarse fraction [plus No. 200 (75-µm) 
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-µm) sieve] 
passes the No. 4 (4.75-mm) sieve. 

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

Cu= O60/D10 (I) 

Cc= (Dxi/(O10 x D60) (2) 

where: 
Dw, D30, and D60 = the particle-size diameters 
corresponding to IO, 30, and 60 %, respectively, 
passing on the cumulative particle-size distribu­
tion curve, Fig. 4. 

NOTE 7-lt may be necessary to extrapolate the 
curve to obtain the 0 10 diameter. 

12.3.1 If less than 5 % of the test specimen 
passes the No. 200 (75-µm) sieve, classify the soil 
as a we/I-graded gravel, GW, or we/I-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-µm) sieve, classify the soil 
as poorly graded gravel, GP, or poorly graded 
sand, SP, if either the Cu or the Cc criteria for 
well-graded soils are not satisfied. 

12.4 If more than 12 % of the test specimen 
passes the No. 200 (75-µm) 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. l Classify the soil as a clayey gravel, GC, 
or clayey sand, SC, 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" line 
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 silty, 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 If 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 Jf 5 to J2 % of the test specimen passes 
the No. 200 (75-µm) sieve, give the soil a dual 
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classification using two group symbols. 
12.5.I The first group symbol shall corre­

spond to 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). 

I 2.5.2 The group name shall correspond to 
the first group symbol plus "with clay" or "with 
silt" 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). 

Non: 8-lfthe fines plot as a silty 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 day, SP-SC. 

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, silty gravel with 
cobbles, GM. 
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13, Report 

I3.1 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 appropriate descrip­
tive information according to 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. 

Non: 9-Examp/e: Clayey Gravel wirh Sand and 
Cobbles (GC)-46 % fine to coarse, hard, subrounded 
gravel; 30 % fine to coarse, hard, subrounded sa~d: 
24 % clayey fines, LL = 38, Pl = 19; weak reaction 
with HCl; original field sample had 4 % hard, sub­
rounded cobbles; maximum dimension 150 mm. 

In-Place Conditions-firm, homogeneous, dry, 
brown, 

Geologic lnterpretation-a!luvial fan. 
Non: IO-Other examples of soil descriptions arc 

given in Appendix XI. 

14. Precision and Bias 

14. l This test method provides qualitative 
data only; therefore, a precision and bias state­
ment is nonapplicable. 
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TABLE 1 Soil Classification Chart 

Soi! C!assiiication 

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests-'" Group 
Group Name8 

Symbol 

Coarse-Grained Soils Gravels Clean Gravels Cu~4andl::sCc::s3E GW Well-graded gravelF 
More than 50 % retained on No. More than 50 % of coarse frac­ Less than 5 % finesc 

200 sieve tion retained on No. 4 sieve Cu< 4 and/or 1 >Cc> 3£ GP Poorly graded grave!F 

Gravels with Fines 
More than 12 % finesc 

Fines classify as ML or MH 

Fines classify as CL or CH 

GM 

GC 

Silty gravelF.GJI 

Clayey grave]F.GJI 

Sands 
50 % or more of coarse fraction 

passes No. 4 sieve 

Clean Sands 
Less than 5 % finesn 

Cu~6and I ::sCc::s3E 

Cu<6and/orl>Cc>3£ 

SW 

SP 

Well-graded sand1 

Poorly graded sand' 

Sands with Fines Fines classify as ML or MH SM Silty sandGJIJ 
More than 12 % fines 0 

Fines classify as CL or CH SC Clayey sandGJIJ 

Fine-Grained Soils Silts and Clays inorganic PI > 7 and plots on or above "AH line-' CL Lean clay°'".I...M 
50 % or more passes the No. 200 Liquid limit less than 50 
sieve Pl < 4 or plots below "AH line-' ML Si!tK.I...M" -~ t organic Liquid limit - oven dried Organic clayK.I...M.N 

Liquid limit - not dried < 
0

-
75 OL Organic siJtK.I...M".o C 

Silts and Clays inorganic Pl plots on or above "A·· line CH Fat clay°'".I...M ..."' 
Liquid limit 50 or more ....0, 

Pl plots below "AH line MH Elastic si!r(.L.<r 

organic Liquid limit - oven dried OH Organic clay°'"-l..M.I'
0 75 

Liquid limit - not dried < - Organic silt'o:.I...M.Q 

Highly organic soils Primarily organic matter, dark in color. and organic odor PT Peat 

,. Based on the material passing the 3-in. (75-mm) sieve. 
8 If field sample contained cobbles or boulder:s, or both. 

add ""with cobbles or boulders. or both" to group name. 
c Gravels with 5 to 12 % fines require dual symbols: 

GW-GM well-graded gravel with silt 
GW-GC well-graded gravel with clay 
GP-GM poorly graded grave! with silt 
GP-GC poorly graded grave! with clay 

C> 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 silt 
SP-SC poorly graded sand with clay 

ECu = Dro/D10 Cc=~ 
Dio X D60 

Flf soil contains 2: I5 % sand. add "with sandH to group 
name. 

GIf fines classify as CL-ML. use dual symbol GC-GM. or 
SC-SM. 

11 If fines are organic, add ""with organic finesH to group 
name. 

'If soi! contains ~ 15 % grave!. add "with gravel" to group 
name. 

1if Atterberg limits plot in hatched area. soil is a CL-ML. 
silty clay. 

KIf soil contains 15 to 29 % plus No. 200, add -with sand­
or -with gravel.H whichever is predominant 

L If soil contains 2: 30 % plus No. 200. predominantly sand. 
add "sandy'" to group name. 

MIf soi! contains ?:: 30 % plus No. 200. predominantly 
gravel. add "gravelly" to group name. 

"Pl 2: 4 and plots on or above "A" line. 
0 Pl < 4 or plots below ""A- line. 
PPl plots on or above "A" line. 
Q Pl plots below ··A·· line. 
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GROUP NAMEGROUP SYMBOL 

L 
<30% plus No. 200----► <15% plus No. 2 =~----► Organic clay 

15-29% plus No. 200 ~%sand~:.% gravel ............... Organic clay with sand 
% sand <% gravel_______., Organic day with gravel 

P1>4 and plots on % sand;?% gravel-=----•<15% gravet-----co•Sandy organic clay 
or~bove "A"- line ~30% plus No. 200 ~ -=-======: 215% gravel-----co► Sandy organic clay with gravel 

% sand <% gravel-=c:::::---• <15% sand Gravelly organic clay 
---------.. ;;;:15% sand ----~► Gravelly organic clay with sand 

OL 

L 
<30% plus No. 200 =-=====:.. <15% plus No. 200 -=-----► Organic silt 

15-29% plus No. 200 % sand::.::% gravel ............... Organic silt with sand 
-------.,% sand<% gravel___________. Orgamc silt with gravel 

Pl<4 or plots % sand ~% gravel ------•<15% gravel-----'O► Sandy organic silt 
below "A"- line :2::30% plus No. 200 ~ =========:: ~15% gravel -----co•Sandy organic silt with gra,el 

% sand<% gravel =======-:_ (15% sand Gravelly organic silt 
215% sand-------► Gravelly organic silt with sand ~ 

t 

L 
Cw <30% plus No. 200 ~~----► Organic clay ==::::::::: <15% plus No. 200 

15-29% plus No. 200 =----====-::%sand~% gravel_________.,.Organic clay with sand 
% sand<% gravel__.Organic clay with gravel .. 

Plots on or % sand ;?:% gravel-=~---• <15% gravel------► Sandy organic clay ... ~ 
above "A"- line ?:::30% plus No. 200 ~ =========:: ~15% gravel-----co► sandy organic clay with gravel 

% sand<% gravel ==-=======:.. ::::15% sand ______ Gravelly organic clay 
~15% sand Gravelly organic clay with sand 

<30% plus No. 200 ~ .::'.15% plus No. 200 Organic silt OH 

L -----..15-29% plus No. 200 ~%sand~% gravel---- Organic silt with sand 
---.,_%sand<% gravel- Organic silt with gravel 

Plots below ______.,, % sand ;:?:% gravel-==-=======:..=-----<15% gravel Sandy organic silt 
"A"- line ~30% plus No. 200 ~ ~15% gravel----• Sandy organic silt with gravel 

% sand<% gravel ~ <15% sand ______ Gravelly organic silt 
---~15% sand Gravelly organic silt with sand 

FIG. lb Flow Chart for Classifyini,t 01l(anic Fine-Grained Soil (50 % or More Passes No. 200 Sieve) 



GROUP SYMBOL GROUP NAME 

,<5% fine, ~ 'Cu2'."4 and 1.$C~3 G W <15% •nd-W1ll-g.-.dad grin\ 
;?;15% sand__. Well-graded gravel with ,.nd 

eu<4andtor 1>ec>31------------,.GP <15% iand- Poorly graded gran1 
2:,15% sand-Poorly graded graol with 11nd 

-<::::flnerML or M GW •GM ==::::::::::-:::1s% sand-W■ ll-graded 11r1v,1 with silt 

< 
Cuc:4 and 1~Ce$3 ,----- '-cc:--• ;?_15% U:nd-W1ll-gradtd 11rn1l with silt •nd Ulnd 

fl,,...CL, CH, Q W •GC ==::::::::::<15% ..nd-Well-graded gr&val with clay (or 1ilty clay) 
GRAVEL (or CL-ML) G'.:15% Mind-Wall-graded ;ravsl with clay and nnd 

% 111"1¥•1 > 5-12% fines (or 1ilty clay and send) 
%AM 

flnei-ML or MH----•GP •GM ==::::::::::. <16% tand_____.. Pootiy grtdtd ;ranl with 111t 
Cu<4and/or 1>Cc>3----- ~15%111'1d-Poorlygrll<hdgr1nl w!th1ltt1nd $Ind 

-------...fints-CL, CH,-----GP-QC -====::::::<15% ..nd_Poorly graded 11rnel with clay (or silty cl,y) 
{or CL-Ml) ;?;16% Al1d- Poorly graded granf with clay and iand 

(or 1llty clay and ..ndl 

flne.-ML or MH-----►GM =====- <15% sand-SIity grenl 
;;,:.15':lf, sand-Silty 11rn■ I with und 

>12%fiMI ffnw-Cl or CH----►GC-==:::==:::::<16% 11nd-Cl1y1y gr ■nl 
>16% 11nd-Clavey 11r1nl with 11nd 

flne1•Cl-Ml-----GC-GM-=:::::::::<16%11nd-Sl1ty,cl1yeygr1nt ~ . 2:15% wnd- Silty, clayey gravel with 11nd~ 
,<5%fines ~C~■ nd1~C~ SW ----<16% granl-Wtll-gradtd and 0 

-----..2:16% grH11I-W11U-gr1tdtd 11nd wlth grnel 
Cu<B and/or 1>cc>•3-------------• SP ---- <16% grnel- Poorly graded llnd ij

--2:15% gravel- Poorly gr.ded 11nd with gravel 

• SW •SM-==::::::::::: <15% grnel-Well-gradtd sand with silt 
Cu;?6 and 1$Cc$3 _____.. -~--• 2:15% gravel- Well.graded sand with 1ilt and gravel c:::::::::::fln.PML or MH 

SW•SC =--::::::::::.<16% gravet-Well-gredecl und with clay lor 1l1ty clay)< flr,w,Cl, CH, 
SAND (or Cl-Ml) 2:15% gra,el- Well-graded sand with clay and gravel 

% sand> 5-12% fines ____ ~~--- (or s!lty clay and gra'lt!I)
% gr,;;. 

_____..-flne..-Ml or MH SP•SM -====-==:. ".'.16% grn•I-Poorly graded 11nd wlth 1ilt 
Cu<6 and{or 1>cc>3~ ;;?:15% gravel- Poorly graded tend with 1Ht and gravel 

floerCL, CH,-----SP-SC =-=::::::::..<16% gr1vel-- Poorly graded Jand with clay (or silty clay) 
lor CL-Ml) 2:15% gravel-Poorly graded Jand with clay and gravel 

(or tilty clay and gravel) 

fines-Ml or MH,----SM ----<16% grewel-Silty sand 
---;;?:15% gravel- Silty sand with grnel 

>12%fine, fiT!M"'Cl Ot CK-----SC -----► <15%granl- Clayey und 
-->16% grHel- Clayay And with grnel 

flnes .. Cl-ML-----► SC-SM ~=215%gravel-Silty,cl&yaysand 
----;;?:15% gr~el- Silty, clayey sand with gravel 

FJG. 2 Fial'-· Chart for Classlf:i,ing Coarse--Gr:sined Solis (More Than 50 % Retained on No. 200 Sieve) 
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SIEVE ANALYSIS 
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APPENDIXES 

(Nonmandatory Information) 

XI. EXAMPLES OF DESCRl!'nONS USING SOIL CLASSIFICATION 

-5.6 

XI. I The following examples show how the infor­
mation required in 13.1 can be reported. The appro­
priate descriptive information from Practice D 2488 is 
included for illustrative purposes. The additional de­
scriptive terms that would accompany the soil classifi­
cation should be based on the intended use of the 
classification and the individual circumstances. 

XI.I.I Well-Graded Gravel with Sand (GW)-73 % 
fine to coarse, hard, subangular gravel; 23 % fine to 
coarse, hard, subangular sand; 4 % fines; Cc= 2.7, Cu 
- 12.4. 

X 1.1.2 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 
HC!; (field sample smaller than recommended). In­
Place Conditions-Firm, stratified and contains lenses 
of silt I to 2 in. thick, moist, brown to gray; in-place 

density= 106 lb/ft3 and in-place moisture= 9 %. 
XI. I.3 Organic Clay (OL)-100 % fines, LL (not 

dried)= 32, LL (oven dried)= 21, PI (not dried)= IO; 
wet, dark brown, organic odor, weak reaction with HCI. 

X 1.1.4 Silty Sand with Organic Fines (SM)-74 % 
fine to coarse, hard, subangular reddish sand; 26 % 
organic and silty dark-brown fines, LL (not dried) = 
37, LL {oven dried)= 26, PI (not dried)= 6, wet, weak 
reaction with HC!. 

X 1.1.5 Poor!v Graded Gravel wilh Silt, Sand, Cob­
bles and Bouidei-s (GP-GM)- 78 % fine to coarse, hard, 
subrounded to subangular gravel; 16 % fine to coarse, 
hard, subrounded to subangula'r sand; 6 % silty (esti­
mated) fines; moist, brown; no reaction with HCJ; 
original field sample had 7 % hard, subrounded cobbles 
and 2 % hard, subrounded boulders with a maximum 
dimension of 18 in. 

406 



4t 02487 

X2. USING SOIL CLASSIFICATION AS A DESCRWrlVE SYSTEM FOR SHALE, CLAYSTONE, 
SHELLS, SLAG, CRUSHED ROCK, ETC. 

X2. I 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, sandstone, 
siltstone, mudstone, etc., but convert to soils after field 
or laboratory processing (crushing, slaking, etc.). 

X2.2 Materials such as shells, 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 to 
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 naturally occurring soils are as follows: 

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

ofsha!e from power auger hole, dry, brown, no reaction 
with HCI. After laboratory processing by slaking in 
water for 24 h, material classified as "Sandy Lean Clay 
(CL)"-61 % clayey fines, LL= 37, Pl = I6: 33 % fine 
to medium sand; 6 % gravel-size pieces of shale. 

X2.4.2 Crmhed Sandstone-Product of commer­
cial crushing operation; "Poorly Graded Sand with Silt 
(SP-SM)"-91 % fine to medium sand; 9 % silty (esti­
mated) fines; dry, reddish-brown, strong reaction with 
HCI. 

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 particles; 11 % 
coarse, hard, angular sand-size particles, dry, tan; no 
reaction with HCI; Cc= L.4, Cu= 0.9. 

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

X3. l 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 to maintain the natural 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 (sec 9.8). 
Some of the following steps may be omitted when they 
arc not applicable to the soi! being tested. 

X3.4 If the soil contains plus No. 200 (75-µm) 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 system is limited to 
the portion ofa sample passing the 3-in. (75•mm) sieve, 
the plus 3-in. (75-mm) material shall be removed prior 
to the determination of the particle-size characteristics 
and the liquid limit and plasticity index. 

X3.6 The portion of the field sample finer than the 
3•in. (75•mm) sieve shall be obtained as follows: 

X3.6.J Separate the field 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 to the plus 3-in. (75-mm) 
particles shall be brushed or wiped off and placed in 
the fraction passing the 3-in. (75-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. 

X3.6.3 Thoroughly mix the fraction passing the 3-
in. (75-mm) sieve. Determine the water content, in 
accordance with Method D 22 !6, of a representative 
specimen with a minimum dry weight as required in 
7.2. Save the watcr--c-0ntent 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 liquid limit and plasticity index 
as follows: 

X3.7.I 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. I. I If the soil contains coarse-grained particles 
coated with and bound together by tough clayey mate­
rial, take extreme care in obtaining a representative 
portion of the No. 40 (425-µm) fraction. Typically, a 
larger portion than normal has to be selected, such as 
the minimum weights required in 7,2, 

X3.7.J.2 To obtain a representative specimen of a 
basically cohesive soil, it may be advantageous to pass 
the soil through a %-in. ( I 9-mm) sieve or other con­
venient size so the material can be more easily mixed 
and ~hen quartered or split to obtain the representative 
specimen. 

X3.7.2 Process the representative specimen in ac­
cordance with Procedure B of Practice D 22 !7. 

X3.7.3 Perform the liquid•limit test in accordance 
with Test Method D 4318, except the soil sha!l not be 
air dried prior to 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 to the test. and calculate the plasticity 
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index. 
X3.8 Determine the particle-size distribution as fol­

lows: 
X3.8.l If the water content of the fraction passing 

the 3-in. (75-mm) sieve was required (X3.6.3), use the 
water-content specimen for determining the particle­
size distribution. Otherwise, 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 particle-size distribution 
including a hydrometer analysis is required, determine 
the particle-size distribution in accordance with 
Method D 422. See 9.7 for the set 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 
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Method C 136. See 9.7 for the set of required sieves. 
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 distribu1ion 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 C 136 using a nest of sieves which shall 
include a No. 4 (4.75-mm) sieve and a No. 200 (75-
µm) sieve. 

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

X4. AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESTING FOR CLASSIFICATION 
PURPOSES 

X4. l 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 If the soil contains organic matter or mineral 
colloids that are irreversibly affected by air drying, the 
wet-preparation method as described in Appendix X3 
should be used. 

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

X4.4 The portion of the field sample finer than the 
3-in. (75-mm) sieve shall be obtained as follows: 

X4.4. ! Air dry and weigh the field 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 particle-size distribution and 

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

X4.5. I Thoroughly mix the frac1ion 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 D 422. See 9.7 for the set of sieves that is 
required. 

X4.5.3 If the cumulative particle-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 percent fines, percent sand, 
and percent grave! 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~µm) sieve. 

X4.5.5 If required, determine the liquid limit and 
the plasticity index of the test specimen in accordance 
with Test Me1hod D4318. 

The Am('rican Societ_1',(or Te.wing and Afaterials takl's no position respecting thl'va/idi1,1,of m1,1· patent rithts asserted in comu•cIio11 
with all_)' item menlioned in this s1andard. Users ()(this standard are expressly ad1·is11d 1lwI deIermina1ion o/fh(' 1•alidi1_1• (/any such 
pate/II nKhts. and the risk ()/'i11(ri11gement (!{such rig/us. are e111irelr 1heir own resprmsibilit)'. 

This s/andard is suh)ecl /o re1•isio11 al any lime by /he rl'sponfih/e ledmirnl commi!lee and m11sI he Yl'l'iewed e1•errJll·e years and 
{( IwI rerised. ei1her reapprm•ed or withdrawn. Your commem.I· are illl'i/ed eilher for re1·isio11 of this siandard or fOr addi11011al 
standards and .1hou/d be addressed to ASTM lleadq11arters. Your commen/S will receive careful consideration at a met'lin1t <?I' the 
responsible technical t·ommi11ee, which ,l'OU may a/11'//d. f(you/eel Iha/ your commenls hm•e not received a fair hearing you sho11/d 
make your ,,fr,ws known /0 the AS7M Commiuee on SIa11dard.1, 1916 Race St., Philadelphia. PA 19103. 
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