
Table 4 - Classification of Rock Material Decomposition Grades 

D e s c r i p t i v e  

Term 

G r a d e  

;ymbol 

G e n e r a l  C h a r a c t e r i s t i c s  f o r  Gran i t i c  8 
V o l c o n i c  Rocks 8 O t h e r  R o c k s  o f  

Equivalent S t r e n g t h  in t h e  F r e s h  S t a t e  

A d d i t i o n a l  T y p i c a l  C h o r a c t e r i s t l c s  f o r  S p e c i f l c  R o c k  T y p e s  

Gran i te  Fine A s h  V i t r ic  Tuff  Granod ior i te  C o a r s e  A s h  C r y s l a l l L i t h ~ c  T u f  

Original rock texture complctcly destroyed 
Can be crumbled by hand and finger pressure mto 

constituent groins 

Reddsh brawn 
Feldspars completely destroyed 
Quartz is only remolnmg prrmory 

mlnerol; vsvolly dull. etched or plttec 
and reduced in s i re  compared wi th  
fresh condltlon 

Yellow#Sh brown to reddish brown 
Fe1d~p.r~ powdery to soft  
nand penetrometer Sheor strength mdc. 

Brown or rrddtsh brown 
Quartz only remamng prlmory 

mmerd 

Yellowish brown 

h l low#bh brown to reddish brown 
Plogiochse feldlpm5 powdwy to Soft 
very eoslly grooved by p#n 

O r t h ~ ~ I a s e  feldspars gutty, leS5 eo511 
grooved 

Zero rebound from N Schmidt hommcl 

Yctlor~sh brown to y t l lavn~h orongel 

Brown to rcddlsh bmwn 
Slake5 Slowly In water 
Maf8c mmerols soft, dull. dark grew 

10 brown, d#fficult to dlstlnguclh 

3rngmol rock texture preserved 
Con be crumbled by hand and finger pressure m a  

conslltucnt 9'0l"S 
Eosbly mdentcd by point of g ~ o l o g ~ ~ o l  pick 
Slakes whcn rmmerred I" water 
Completely discolaured compared wl lh fresh rock 

:en be broken by hond ~ n t o  smdlcr pmrccs 
%kes s dull ~ u n d  when struck by geolog8sol hommrr 
NOI eosbly indented by point of gcologicol p ~ k  
Doe5 not slake when immersed in w l e r  
3ompletely discoloured compared with fresh rock 

< 250 kPa 
Zero rebound from N Schmidt hmmer  

V e l l o w ~ ~ h  brown 
Moflc mlneroll soft, dull. dark green 

Yellowish grey 
Surface can be ssrotched by kntfc 

Ye l low~~h brown 10 yellow8sh orangel 
brown 

Feldspars powdery 
Hand pcnelrometcr shear strength lndcx 

,250 kPm 
mSdrvr N Schmidt rebound d u e  <25  

brown 
Plogioclose feldspars powdery 10 g i t t l  
N Schmidl rebound volue 15-30 

Highly 
Decomwrrd 

Yellowish brown 
plaglochse feldspars party decomposed 
to gritty small pieces 

N Schmidt rcbwnd value 2 5 - 5 0  

Vellowlsh grey 
Moflc mmeralS generally not ~ h l n y ,  

soft. black 01 51omed dark brown 

Connot uruolly be broken by hond; cosily broken by 
geobgicol hommcr 

Makes a dull or slight ringlng sound whcn Struck by 
geologlcol hammer 

Completely slolned throughout 

Yellwish brown 
Feldspars grltty 
Bmtlte not shiny 
N Schmtdl rebound value 2 5 - L 5  

White or hghl grey 
Surfme cannot be scratched by knl 

Modemlcly 
Decomposed 

vat broken easily by geological hammer 
Uokrs a ringing sound whcn struck by geolog~col 

hammer 
9 e ~ h  mck C D ~ D U ~ S  generally retained but stained near 

jomt Lurfoces 

Feldspars hard to Slqhtly grltty 
Orthoclase feldspars often pink 
B#ot#te slrghlly stornrd and dull oround 

edges 

N Sshmldt rebound value > 4 5  

Plogioclose feldSparS ~18ghlly gr8Ity 
BiMW ond hornblende ~ l igh l iy  sta im 

and dull 
N Schmidt rebound value L5-70 

Light grey or greenish grey 
Mofic mlnerols shiny, hord, black. 
may be sight ly stoiocd and dull 
around edges 

Grey, lhght grey or greentsh grey 
Cloudy appearance 

Slightly 
Decompascd 

Overall rock colaur greylwhrte 
Feldspors hmrd and shmy 
Biotite Shiny. not stalncd 
Qvortr colourlcss or grey. g1055y 

overall rock eatour ranges from lqht  
greentsh grey IJSMI to grey IJSM, 
JYTl 

FeId5pors hard ond shiny 
Mofls mmerals shiny. hard black 
Qumtz colo~rle55 or grey, glassy 

Over~l l  rock colour block 
~ l o s s y  oppeormcc 

OverOll rock colour grey 
Feldspars hard and shiny 
Biotite and hornblende 5hmy, not 5 tam 
Quartz solourless or grey. glossy 
N Sehmldt rebound volue >60 

Fresh 

General Notes I 1  Not 011 these generol chorocler#st#cs ore oppl~coble 
to rock5 whose strength 8n the fresh state 15 

modemtely strong or less (see Table 21 ~ l t c r n o t ~ a  
~ I o s s v f ~ c ~ t b o n s  moy be more appropriate for such 
moterlol l  (see S r c t m  2 3 L I  

121 Use of geologrsal hammer oppl8coble momly to 
materds mnfcned m o fjeld ezooaure 

131 Based on Moyc 119551. Henchet 6 
Martm 11982) ond unpublished work 
by the GCO 

I L I  A S S P S S ~ C ~ ~ ~  of m l n e r o l ~  oppl~~able 
to  med~um and cmrse grolned gronte 
may be dofflcult or mporstble to  
asserr 8n f w - g r a m e d  g r m l t e s  

I61 Bared on unpubhshed work by 
the GCO 

171 JYT =Y,m Tln Tram Farmotton 
JSMr Shlng Mun Formotion 
15ee HKGS mops ond memo8rsI 

181 M0f8c m~nerals referred to are 
biotlfe and hornblende 

191 Based on unpubhrhed work bl 
the GCO 

Note5 on Index Tests It01 S h k ~  test' romplcr alreody close to raturotwn rn~rrture conlent are less likely to sloke. 
1111 Feldspar altcrot8on i r r t :  Hard= cannot be cut by knife or grooved by pin: Gritty: con be cut by knife or grooved by pin with prcz3urc; Powdery = easdy grooved by pro. can be crushed to silt 

frogmentr in fingers; Sol l=eori ly grooved by pin, con be moulded very easily to cloy m Imgcrr. 
1121 N Schmldt hommer tert: rebound values ore for nomrnrr held pcrpendiculm to rock focc: take initial 'seating' blows to ensure good contact and record average value from a rnrncmum of flvc consecuflv< 

irnpocts. qnaring unusually low readfngs 
It31 HOM penefrometer test. press mstrumcnt hcod slowly and smoothly ,nto sample, take an overage of ten values and divide by two to gwe shear rtrength mdex: test may be improctlcol on very smoll samples 
I 1 0  Test r e s ~ l t s  8n general may be affected by sample moisture content and degree of mrsrofrosturmg 
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Table 10 - Classification of Rock Mass Weathering Zones 

0130 % 
Rock 

30150% 
Rock 

50190% 
Rock 

Zone 
Description 

Residual 
Soil 

90 1100% 
Rock 

Y 
U 
0 
(r 

u 
a, 
L 
a, 
r 
C 
O 

r" 
ZI 
A A 

0 , - 
C 
L 
O a 

Zone 
Symbol 

- 

- 

- 

Zone Characteristics 

Unweathered 
Rock 

Residual soil derived from insitu weathering; 
mass structure and material texture / fabric 
completely destroyed : 100 % soil 

Less than 30 % rock 
Soil retains original mass structure and 
material texture / fabric ( i .  e. saprolite) 

Rock content does not affect shear behaviour of 
mass, but relict discontinuities in soil may do so 

Rock content may be significant for investigation 
and construction 

30 "lo to 50 % rock 

Both rock content and relict discontinuities may 
affect shear behaviour of mass 

50 % to 90 'lo rock 

Inter locked structure 

Greater than 90 '10 rock 

Small amount of the material converted t o  soil 
along discontinuities 

-- - 

100 % rock 

May show sllght d~scolouration along discont~nultles 



Table 1 1  - Procedure for  Rapid Identif ication and Description of Soils 

hs i c  Soil Type 
Particle 

Size Visual ldentif ication 
Imml  

Particle 
Shape and 
Plasticity 

P a r t l c l e  
S h a p e  

Structure and Weathering I 
Colour 

O u a n t l t o t l v e  S c a l e s  

BOULDERS 

COBBLES 

Smk of Ycmdary 
with Coarse Soil5 

By inspection of voids 
and porticle pocking 

Homo - 
gmCOus 

Only seen complete ~n pots or exposurer 

- 200 +..- 

Often daffisult to rcswrr f rom boreholes Form - 
Equidlmmsionl 
F l a t  
Elongotr 
F l a t  and 

clongote 

dtermt8ng layers of 
w i n g  typer or wi th  
andr or lenses of 
ther motermlr.  

Easily visible t o  naked eye; w r t i c l r  

be descr~bed 

Well-graded: wide range ot grain sizes. 

particles l ies between narrow l t m i t s ;  
or gap-graded: on intwmedimtr size 

Fine 
o f  portisle is markedly under - 
represented. I 

Visible to  caked ere: rrrv l i t t l e  or no 

Angulor!ly - 
Angular 
Subangular 
Svbrrrunded 
Rounded 

GRAVELS 

Surfose Tcxtvri 

Smooth 
ROU* 
Glassy 
Hmeycornbed 
Pltted 
Striated 

:omse fraction may o l ro  be Requires pick for 

I C C O ~ ~ O ~ Y  constituent where I Thinly- 
laminated / < ' 1 Hue 

, .  . 
m.,.r cohcsm when dry: grading can be I described. 
-- 0.6 

Well-graded: wide rsnge of groin s i res  

Mcd,um Poorly-graded- not well grodcd. lMoy 
be ~ n i t o l m :  IIZC of most p o r l l s l e ~  INCS 
between norrow l imits; or gap-grodcd. - 0 2  00 mtcrmcdmtc slzc of part ls lr  1s 

Fine 
markedly under-rrprcsenlcd.1 

For composite types dcacribed or: 
:Myq ' f ines  are plortic.cohcsive; I SANDS 

SILTS 

c3 

CLAYS 

ORGAN lC 
CLAY, SlLT 
or SAND 

-- 

rraks into polyhedral 
rogmentr dong 
i'lsures 
umt i to t ive  x a l e  
I, spasmg of 
iscontinuities may 

used. 

- - -  
Cmrre Only soarsc r l l t  barely visible to naked 
-0.02 eye; e l h i b m  l i t t le  pdslticity m d  rmrkcd 

Mcd,um 
dilotonsy: slightly granular or si lky to  
the touch. Oismtcgroter tn w d e r .  

-0 006 lumps dry quickly; possess cohesion but 

Flne can be pnvdcrcd easily betwee' fingers 
Closely- 
Spaced 

Moltled 

Streaked 

Gravel or 

f rnger p ter rur r  

Homo - 

Non - p lss ta  
or LOW 

plost isi ty 

ory l u m p ~  can be broken but not 
pow&wd between fingers; lhey a k a  
dlsmtcgrotc under mtn but more s l m l y  
than si l t ;  smooth l o  lhc touch; erhibttr 
plusticity but no dilatonsy; sticks to 
f ingns ond drws slowly, shrmks 
appveciably on drying, urually showing 
cracks. Intermediate and high plasticity 
CIOYS show the% prowrthes l o  a 
modcmte and hlgh degree, rcrpedlvely. 

Cmtalns s u b ~ t o n t l d  omountr of organfs 
Varies vegetable matter Often has nolicroblc 

smell  and chmgcr colour on modation. 

Predominantly plant remains; u l u ~ l l y  
Varies dark brown or bhck in colwr. often with 

di5llnnlve smell; low bulk density 

eposit con3ists 
sscntbl ly of one type 'ull explanmion of the use of Cannot be moulded by OLneour 

ieconchry eonstttuents m 
:ompOste Soils IS gwrn ~n 

I Sti f f  I Cg,e;i- be M e n l e d  / 
Inter- 

loblcs 15 and 16. s t lo t i t ied  

Dr rcmt#nu#t#er  I General I 
select one 

qua l i t led  by 
Weathering a te rm for  

l t n m t i n g  layers of 
o r l ing  t y p e r .  
1t~rv.1 S m k  for 
uckner r  of layerr 
lay be used. 

0,  Intel-  
laminated High 

plast ici ty 
I Fat clay I COmwcl Fibre5 already I I compressed together 

very c o m ~ c l s i b l e  and Fibrous 
Spongy open structure. 

Plasl,s Con be moulded m hand. ~ ~ . ~ ~ h ~ ~ !  
and smears fingers 

I 
. . . . . . . 

In warre soils : &scribe .pp,.pr~otc. 
overall dissolourot~on of See 
soi l  and dcgree of PEATS 

Ian1 rema,ns 
:cognizable and 
:tam some rtrcnalh 

decompositi& of grovel 
and larger fragmcntr 



Table 12 - Soil Strength in Terms of Compactness and Consistency 



Table 13 - Particle Form 

Equidimensional 

Descriptive Term lllustration 

ELongate 

Flat  0 

Table 14  - Particle Angularity 

Flat and ELongate @ & @  

Subangular 

Descriptive Term 

Subrounded 

Illustration 

Rounded 
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Table 19 - Names and  Descr ip t i ve  Le t te rs  f o r  Grading a n d  
P las t i c i t y  Character is t ics 

Soil 
Compo- 

nents 

In 
C 

C 
0, 
C 
0 
P 

E 
0 

@J 

11 
0 
0 
0 

V) 
C 
C 
al 
C 
0 

E 
8 
E .- 
U. 

m ..- 
U C .- 

5 g 
P a  
0 E 
0 
U 

Legend : 

4 

I * 

Terms 

Main terms 

Qualifying 
terms 

Main terms 

Qualifying 
terms 

Main term 

Qualifying 
term 

Descriptive Name 

GRAVEL 

SAND 

WelI- graded 

Poorly-graded 

Uniform 

Gap - graded 

FINE SOIL, FINES 
may be differentiated in to  M or C 

SILT ( M - SOIL) * 
plots below A -  l ine o f  plast ic i ty chart 
of Figure 8 (of restricted plastic range] 

CLAY 
plots above A - line ( f u l l y  plastic 1 

Low plast ic i ty 

Intermediate plasticity 

High plast ic i ty 

Very high plasticity 

Extremely high plasticity 

Upper plasticity range * 
incorporating groups I ,  H ,  V and E 

PEAT 

Organic 
may be suff ixed to  any group 

Letter 

See Note 5 in Table 20 
This term is  a useful guide when it  is not possible or not required 
to designate the range of liquid Limit more closely, e. g. during the 
rapid description of soils 
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Table 20 - British Soil Classification System for Engineering Purposes 

Soil Groups ( 1 1  Subgroups and Laboratory ldentif ication 

Name  

SAND may be  
an additional 

Ltituent f o r  coarse 
!re appropriate 
ble 151 

GRAVEL ar 
qua l i f i ed  I 

secondary c o ~  
f r ac t i on  w 

I1 

Fines 
(% less  L iqu id  

than Limit 
0 .06mm)  1%) 

Group Subgroup 
Symbo l  Symbol  
121131 121 

Slightly s i l t y  or 

clayey GRAVEL 
G 

GP G W  IGW GPu GPg 
Well-graded GRAVEL 

Poorly-gradedluniform /Gap-graded GRAVE 

S i l t y  GRAVEL 

clayey GRAVEL 

G-M GWM GPF 
G-F I 

G-C GWC GPC 

Well-groded1Poorly-graded s i l t y  GRAVEL 

Well-gradedIPoorly-graded clayey GRAVE1 

Very s i l t y  GRAVEL 

Very clayey GRAVEL GF GC G M  IGML, GCL etc 

Very s i l ty  GRAVEL : subdivide as for GC 

Very clayey GRAVEL I clay of low, 
intermediate. 
high. 
very high. 
extremely high p los t i c~ ty  I 

Well-graded SAND 
Poorlv-araded /Uniform I GOD-araded SAND 

Sl~ght ly  s i l t y  or 

clayev SAND 

SC H 
SC v 
SCE 

Silty SAND 
Clayey SAND 

Well-graded /Poorly-graded s i l t y  SAND 
Well-graded /Poorly-qraded clayey SAND 

Very s i l t y  SAND 

Very clayey SAND 

Very s i l t y  SAND : subdivide as for SC 

Very clayey SAND I cloy o f  low. 
intermediate. 
high. 
very high, 
extremely high plasticity I 

Gravelly SlLT : subdivide as for CG Gravelly SILT 

Gravelly CLAY 14) Gravelly CLAY I of low. 
intermediate. 
high, 
very h lgh.  
extremely high plast ic i ty  I 

Sandy SILT (41 

Sandy CLAY l 4 1  

SlLT IM-soi l1 
CLAY 151 I61 171 

Sandy SlLT : subdivide as for CG 
Sandy CLAY : subdivide as for CG 

F 
M ML, etc 

C CL 
C I 
C H 
C v 
C E 

SlLT : subdivide as for C 

CLAY l o f  low, 
intermediate, 
high. 
very h ~ g h .  
extremely high p las t i c i t y  l 

l r gan i c  Soi ls  
Descriptive Letter ' :ti 
any group or sub-group symbol. Example MHO : Organic 

P t  Peat soils consist predominantly of plant remains wh~ch  may be f ib rous  or amorphous. 

?d t o  be a signif icant constituent 
: SILT of high p las t i c i t y .  

Peat  
L 

Notes : (1 1 The name of the soil group should always be given when describing soils, supplemented. i f  required, by 
the group symbol. although for some applicottons 1e.g. diagrams1 i t  moy be convenient to use the 
group symbol alone. 

(21 The group symbol or sub-group symbol should be placed in brackets ~f Laboratory methods have no t  
been used for identification, e .  g. (GC I . 

(31 The designation FINE SOIL or FINES. F may be used in place of SILT. M ,  or CLAY. C, when i t  is not 
possible or not required t o  dist ingu~sh between them 

(41 Gravelly i f  more than 50 % of coarse material i s  o f  gravel s ize .  Sandy i f  more than 50 % o f  
coarse mater ia l  i s  o f  sand s ize.  

151 SlLT iM-soil).  M is material that plots below the A-line, and has  a restricted plastic ronge in r e l a t~on  
to i t s  liquid limlt. and relatively low cohesion. Fine soils of this type include c lean s i l t -s ized 
moteriak and rock f lour, micaceous and diatomaceous soils, pumice, and volcanic soils, and soi ls  
conta~nlng ha l loys~te .  The a l te rna t~ve  term 'M-so i l '  avoids confusion wi th materials of predom~nantly 
s i l t  size, which form only a par t  of the group. 
Organic solls also usually plot below the A- l ine on the p las t~c i ty  char t ,  when they are designated 
ORGANIC SILT, MO. 

161 CLAY. C i s  material that  plots above the A-l ine, and i s  fully plastic in relation to its liquid limit. 

I71 SlLT and CLAY may be qua l~ f i ed  as sl ightly sandy. or s l ight ly  gravelly, or both, where appropriate 
[Table 151. 



Figure  4 - Schematic  Illustration  of  Fracture  Logging  Terms
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 Figure 5 - Mass Weathering Profiles and Zonal Weathering Classification of a Mass Exposure



Liquid Limit (%I  

4 - line 

&4 
Notes: (1 The letter 0 is added to the symbol of any material containing a significant proportion of organic matter e.g. MHO. 

( 2 )  Plasticity measurements are made on material passing L25 p m  BS sieve. 

Figure 8 - Plasticity Chart for Classification of Fine Soils and the Finer Part of Composite Soils 



P
ercen

tag
e R

etain
ed

 

Figure 9 - Grading Chart for Soils with Grading Curves of Selected  Soil Types
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