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(¥~ 1) A comparison of weathering description and classifications

.o

Nusmbzr of
Reference’ Rouk type Climeste Location Purpase grades Recognition faciors®?
Rock material
Moye (1955) Grunile Humid-trepical South Enginsering [] AB D H KL
. Eastern requirement for 24 »
Austealia hydro-clectric
scheme
Rewbery (1921) Gsanite Tropicad Western Enginccring 6 AR D I K M
Malaysio fequirement for
hydro-clectric
scheme
GSL {1970) Genesal Geuernl Generat Courc logging 6 B D ]
)
Deaiman (1976) (succceded General Genernd Generol General usage 4 AB D 1
by ISRM (1978); IAEG (1981); (implied)
B31 (1981); Dearman (1984)
lefen & Deatman (1978) Granite Tempe'mw Comvall, UX  General usage 6 ABCD 1 0
126
Heocher & Martin (1982) Gsanite and Subllow'&ul Hoag Koag Genersal usage [] D FG BKLMNO
volcanic rocks
GCO (1934) Giroaile sod Sub-trapical Hoag Koag Slope stability 6 AD FG LKLMNO
volcanic rocks 2
Rock muss
Ruaton & Berry (1957) Granite Sub-trapienl Hong Kong Westhenng profile 4 12356
clussificslion
Koill & Jones (1965) Gaceiss and Humid-tropical Rosei Dam { C 4 AB D Hu
gronite Sudao M
Little (1989) Mainly igneous Humid-trepical Genera Westhering profile [} AB DE H KL
1ocks clussification 25 L
Fookes & Horswill (199) Geaeral General General Logging and 6 A D L
(succeeded by Foaokes " geotechnical 234
et al. (1971); GSL (1972) mapping
ecee & Patton (1971) Igncous and Humid- General Slope stability 6 B E L
nictamorphic temperate 125 ™9
© rocks | ond tropical
Dearman, 1976 (succeeded General General Generat Weathering profile 6 A D
by GSL (1977); Mefan & classification 125
Dxarman (1978); Dearman
(1984); ISRM (1978, 1981);
HSI (1981); IAEG (1981))
Martin & Heacher (1984) Granite and Sub-tropical Hong Kong Weathering profile [
volcanic socks classification 1235
GOO (1984) Granite and Sub-tropical Hong Kong Slope siability 4
volcanic socks 12356
' Abb ions used in ref 3 Rock mass secagnition factors:
GSL  Geology Sucicty, London, 1-6: Visual characteristics:
ISRM International Socicty of Ruck Mechanics, 1. Presence of osiginat structure.
1AEG | wnal Assuciation of Engi ing Geology. 2. Degree of ducolouration along joint planc.
BS1 British Stasdurds lastitution, 3. Degree of weathering oluag juint plaac.
GCO  Geutechaical Coatrol Otlice, Hoag Koag. 4. Opening of joint.
2 " - . 5. Rock (o soil ratio.
Beoch muterial recognition f=ctors: 6. Angularity of core stone.
A-E: Visusl chorocteristics: ) 7-9: Engineering charccteristics:
A. Deprec of di of yock 7. NX vore recovery.
B. Degree of chemical dzcomgpusition of biatite ood feldspor. 8. ROD.
€. Degsee of physicsl diintegraticn. 9. Relative rock mass permenbitity.

D. Preserce of osiginal tenture.
E. Preeence of bumus aed roots.
F-0: Mechanicol charocteristios:
F.  Degree of ploching of iadividunl groins.
G.  Dcgrec of penetration of geologicl pick or kaife.
H.  Mcthod of hand excavation.
k. . Disstegration of material in water (slababidity).
4. Fuability.
K. Blcnhuh:hly of NX wlc in lhe hord.
[

M. Relative haulnem by bameeer bl
N.  Hand pzoctrometer vedec.
O Schenidi bhamener valve.
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{E— 2 > Diagnostic characters frequently used to define the various grades of granite. The figures in brackets
indicate the number of classifications listed in Table 1 which utilise the diagnostic character, and the length of the
line drawn above the name of each character describes the range of grades over which it may be effectively used.

E-
23 F sW MW HW cw RS
i3 )
2z
= Presence of original texture (11)
3 E Degree of discolouration of rock material (9)
2%
> 3 Degree of chemical decomposition of biotite and feldspar (8)
= Presence of humus and roots (2)
= Degree of physical disintegration (1)
2 Disintegration of material in water (slakability) (6)
29 - i
H Relative rock material strength (6)
g Breakability of NX core in the hand (5)
4 1
2 | 2& |Friabiy (5)
25, [ Relative hardness by hammer blow (3)
3 3 Schmidt hammer value (3)
2z Method of hand excavation (3)
Degree of plucking of individual grains (2)
Degree of penetration of geological pick or knife (2)
Hand penetrometer value (2)
Degree of discolouration along joint piane (10)
= Presence of original structure (7)
=2
§ ‘2 | Rock to soil ratio (6)
3 > :‘-f Degree of weathering along joiat planc (5)
3 S
; Angularity of corestone (3)
3 Opening of joint (2)
.‘é" S | NX core recovery (4)
é :S; Relative rock mass permeability (4)
0
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100

Slaking durability — percentage retained

o SDlin tstcycte
o SDlin2ndcycie

} Sogog 9 g L J

Loss of slaking durability
from 1sl10 2nd cycle: %

F Sw MW

HW cw RS

Weathering grade

(®)

JE}—3 Slake durnbility index calculated from the results of the first and second cycles of testing (25 tests): (a) values
obtoinzd for F, SW, MW, HW samples acd samples on the MW-HW and HW-CW boundaries. The position of points
oo the abscissa in the F, SW, and MW grades reflects the proximity to the limits of the grade as gauged by the usual
quolitative definitions. The pasition of points in the HW grade also Teflects the proximity to the limits of the gmde ag
gouged using these metksds, but are defined by the percentage of rock remaining after sloking: (b) difference in slake

durability index value between the first and second cyclen

et E¥o] 44 FAgEHe s Fejuydd.
ol #3& NEAAYG AYsHE S wo|
47 A2z A=FAE 27 g, 2y 2
Aol A FaAIW dPo 2N HWe F8H3
B4 ANSA FE I 29 WL 3
FHog AY £ YF(2Y-3, Lee & de Frei—
tas, 1988)
o}, §<¢tZAR(Visual Description :
2.)
serd WA 294 AHHE Sl 9
€ 10909 =2 AR g5 3Ll
st 2AME g2 22 MEgol2A 7z
7 Edstelcl B, HAE wAHE Fom
(Biotite) &} &l (Feldspar) 2] & = Eoko] A
A7z 24 43S AR, THH B4
deie ulAlg dale g, GHFHYATY
A7 B Bx B EFolM a2 EA)
q2g zA@T
2. 2reg 98t <l ok ZAH(Simple Mecha —

H-3 Column

KBKBRERG®E

nical Field Recognition . -3 Column 3.)
) FHAEE 29 AH 4P 9
;A FRFHAA F Qe FA AT uket Zof
3 el A¥E PEse GeR 2o
(1) Z]ZJ"JZ]E A3t AAE A=

(2)

) & ¥3e W BEEYHAE Az
(4) &l /%9_55_ 2A5HE A%

) NX Core A7]9] Algr)t €82 AXE

o}, X443 (Index Test . -3 Column 3.)
FTHEEE AFF oz g o2 £A3)
7] YA e gF Bdetel ARSI ofelo A
|44 4 —’v‘- Qe A4 ¥ (Index Tests) E o]
Bag, 2 A7RIMAN 2@she e
Ze AFA %% E3AM AMREE Fa 8
dotx 4T B AAHY £2 8 ATt
—tﬂ 2 3o i}, '
Fde) FE EHE

=

&=

e
&
=]
=
=

J}.Jﬁo
o
,J}m
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Point Load Strength Test

E7 s =22 Hand Penetrometer Test

™

(3) Y FHA FHAWBEE Simple Slaking
Test _ ]
(4) St FH ol Z4LA = Simple Permeability
Test
HW k4] Follr] Z317} 4% 24 talre
ofeloll A £y A Ee AFH A AL P Yol
AN A g2 gloy T3y 2Eg duolA

o

=
FYIBZA o] B F3AEs HFsE F
AH (-3, Lee & de Freitas, 1988).

A 7A=AE L Schmidt Hammer® gt o}y g}
da] ¢e2 Point Load Strength Test® 438} 8}
Atk o] AYo R 2WT 4 Y= PHL Poin
Load Strength 4=32)7} 3~130kg/cn e AV &
Hoj}, (29 A7l olshd @3 s73ee Point
Load Strength 4=3xlo) 16¢ &F3==2A 90% 9]

BAE AJE YFPE 48 e,

w5
E3 RSESE ZEE 2Hshed the 34

ol g8lA ALgETh
UCS=—0.05034 + 0.31441 X HPV :r=0.92
Bk 3l7beto] AEHE WA AR 7hSt E3)

I g o] A4 FTH(E-4).

(1) 153 2204 Aart 345 g= F,
SW, MW, HW A g

2) 2, 359 E&AM FEFoZ AH5H=

CW A&
(31455 oA A A sE RS A
g

2E) RS A R7HA Y WA FHY %
83 2ol 4VY FFAP 2 FHAT(E-S).
= 5

{1) F, SWAl %

)

(2) MWAIEE 47 E4A4025F)

(3) HWABE B E T 4% 5433 45
—Z
=)

{H — 4 > Procedure for and interpretation of the simple slaking test

Samples weighing appro;timately 0.4 N-0.5N (ie. 40g to 50g) arc immersed in water {or 5 minutes, and if the samples have
not disintegrated completely then they are slightly agitated a few times. The materials are classified as follows.

Class 1. Most of the specimen has not disintegrated even after it has been agitated a few times.
Class 2. Less than 50% of the specimen has disintegrated into soil after soaking for 5 minutes, after it has been agitated a few

times the specimen is broken into debris.

Class 3. Over 50% of the specimen has disintegrated into soil after soaking for 5 minutes, after it has been.agitated a few
times the specimen has almost entirely disintegrated into soii and debris.
Class 4. Compiletely disintegrated into soil within 5 minutes of soaking.

{ B — 5 > Procedure for and interpretation of the simple permeability test

Permeability (K) is simply and qualitatively assessed by observing the penetration of a few drops of water from a dropper or
squeeze bottle on a hand specimen, over the period of about one minute.

Class 1. The specimen is almost impermeable—most of the water remains on the surface (K~ 10" ms™' or less).
Class 2. The specimen is slightly permeable—some water is absorbed but more than half the water remains (K~ 10" to

107 ms™Y).

Class 3. The specimen is moderately permeable—mote than half the water is absqrbed (K~ 1075 t0 107" ms™").
Class 4. The specimen is highly permeable—most of the water is absorbed (K ~ 10~ ms™' or better).

a2t $5E et 953EY 23X
(Likely Uniaxial Compressive Strength | ¥ -
3 Column 4.)
7t FRIAE ydde d¥HL &5 g
a2 3

2
ol A g du d¥EI=

Al A -39 7]
z5o] e, oy F. SW, MW 2z 530 o}
B2y @5 Y] dFHEHEAE Ui

39

lo

=2
oltt. FEFHFE YEE H& & Deere & Mil—
ler, International Society for Rock Mechanics, Bri—
tish Standard Institution So] #Qtgl whof whgk
c}.
A, Ab8-8FE ¥ E) (Example)

KR 8% 44 %(1990.12)



BE 2A9 ¥3xoe 38H 39 23
FARE R5E 22 Agstoof @t o] £71A
FAA T35t O A TFE FAY HEAHY
5502 Jehl, AZld dojoiA #F F
3}55% B9y e iedd. o7

Z2Ho 2 ZEANF AR F oW o F
A SUo2 2AG RE g Zied),

2 =9 MModerately Weathered Granite(MW) With
Moderate Chemical Decomposition (CM) and Slight
Physical Disintegration(PS) and With a Schmidt
Hammer Value(SH) of 40,2 o}-& 3} Zo] 7+ek3]

ps

(SH45)

71¢ €. FAsL e AREE HEE FAA HolEH
MW;M H-69] Column 1.dl& 3 Fsidwe] vetd
(SH40) .
{ B — § > Proposed weathering scheme for granitic masses
2. Classification 3. Description
1. Typical Distribution of
weathering rock matenial
pmﬁle of within joint-
Korean Abbre- bounded block Simplified
granites Zone Term viation and its grade expression'
Vi Residual RS Most material RSER -
soil is RS grade (HP 0.3)
(SL 4)
( v Completely CcwW Most material CWsS
N : Weathered is CW grade (SL 2)
v Highly HW Inner material HWEH90 CWEC10
L Weathered is HW grade; (Sh18) (SL 1)
S AN outer material
is HW or CW grade,
occasionally
RS grade
004 Moderately MW Inner material MWERSD HWEH10
Weathered is MW grade; (SH 42) (SH 22)
outer material
is MW or HW grade,
occasionally
. CW grade
n Stightly sw Inner material SWE9S MWEMS
Weathered is SW grade; (SH 55) (SH 45)
outer material
is SW or MW grade.
I Fresh F Inner material FEr95 SWEss
is F grade; (SH 60)(SH 57)
outer material
is F or SW grade.

Legend
RS granite
CW granite
-4 HW granite
- MW granite

ESH granite
=i F  granite

Note, the description shown in column 3 relates to the vertical profile shown in column 1. and the simplified expression of the
description shown in column 3 also relates to the vertical profile shown in column 1. Column 3 is only a description of column
1 and does not specify the criteria for defining the zones I to VI.
'SH: Schmidt hammer rebound value; SL: Slaking class; HP: Hand penetrometer value (MPa).

KBAEZRREGE
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Jed, ole Fa/t ARAANA iz 25E
RSEH F5Ea7tA Wals Ay x a7t 94
Aoz g mEA A5 Jn Jde AL B
=

7b. #3379, 8o] @ kol (Zones, Terms and

Abbreviations ;| -6 Column 2.)

A FH $FRE Sskd Agee T5R
(Grade); o] ©lalo] g4 EEL WA
st it FIREFANE 79 (Zone) ;& A
&sttt, aste] 67tAZ2 TEIE Y, 13,
€0l B okoo] AL Ao M9} 2ol gtute
Mz IR ALS-SH)

v e FaR o) J1ES gut T3 £ F

- (Rock Mass Decription based on Distri —
bution of Materials : -6 Colume 3.)

o] PR ¥y HolHo g FaHE ¢
= e YA FAU] HYgT gurE
3 gRYEe. 94 Ay AgRAQ 2w

Rock mass Rock mass
z0ne description
e (W) HwWE»
e
e 1. {SH 12)
- - -

- J / +— lIMW) MWES
/ ‘ — (SH 45)

Vi + st
/ / . //ﬁ_,—/'
L~
/ 4R FEr95  SWEs
/ / (SF59) (SH 52)

P~ 5m >

B{—4 (For details of symbols see — 3 Hail] : shallow
weathering in massive granites with a sharp weathering front.
----- , rock mass zone: —, joint; . fault.

Zone IV. 100% highly weathered (HW) material: chemicalily
highly decomposed (Cy) and physically highly disinte-
grated (Py): Schmidt hammer value (SH) = 12,

Zone III. 100% moderately weathered (MW) material:
chemically oniy slightly decomposed (Cs) but moderately
disintegrated physically (P,): Schmidt hammer value
(SH) = 45,

Zone 1. 95% fresh (F) material: no evident chemical
alteration. i.e. chemically fresh (Cp) and no evident
physical disintegration, i.e. physically fresh ( Pg): Schmidt
hammer value (SH) = 59.

5% slightly weathered (SW) material: no evident chemical
alterauon, i.e. chemically fresh (Cg) but slight physical
alteration (Ps): Schmidt hammer value (SH) = 52.

41

SRR Gy 402 P4E G4 Zshy
E7hastshe g4 g ]

S
TAARAREE %2 el

24

2 3
¢ F EFEZ UL 5 Ao, = "yn
& W F3d 249 daure 235 9y 2
49l o] F E2de] THAHRINGE 5% 9
17AA Zhzk 2383, ojw) R} o 3y
A A B G4 9 T35 F(Grade) & ¢k
H(Zone) HESFo g 3},
YW E-62 MW Zonell: Hi
F2E91(10% ) HW 9H40] 9otk oy oy
90%) MW FHo 2 ol o] 4 g vhebulo,
ok ZheRgt 89 (Simplified Expression : ¥~
6 Column 3.)

o o

o Mo L i o b
.{

£ b gl

10
()

fo e

~
S

Rock mass Rock mass

Fomeamee T . one description
.. _~ VIRS) RSER

T T TN (HP 0.33)

T TS view owee
(SL3)
T IV(HW) WG
(SH 14)

<o I{MAWY) MWE290  HWEv10

{SH37) (SH 23)

E— 10m —s,

J&[—§ (For details of symbols see H—3 , 22 : deep
weathering in highly fractured granites with a sharp
weathering front. - - --, rock mass zone; —, joint; ——,
fault.

Zone VI. 100% residual soil’ {(RS) materiai: chemically
decomposed to residuum (Cg) and physically disintegrated
to a residuum (Pg): hand penetrometer vaiue (HP) =0.33.

Zone V. 100% completcly weathered (CW) material:
chemicaily completely decomposed (Cc) and physicaily
completely disintegrated (Pc): slaking class (SL) =3 (see
Table 4).

Zone IV. 100% highly weathered (HW) material: chemically
highly decomposed (C,) and physically highly disinte-
grated (Py): Schmidt hammer value (SH) = 14.

Zone [II. 9% moderately weathered (MW)  mateniai:
chemically moderately decomposed (Cy) and physically
moderately” disintegrated (Py): Schmidt hammer value
(SH) = 37.

10% highly weathered (HW) material: chemically highly
decomposed (C,,) and physically highly disintegrated (Py):
Schmidt hammer value (SH) = 23.

KEEEEDE H 8% 4 52(1990.12)



o FRAEE AEsu BRte B9

G
=

oo 2

flo
AU
dlo
B
L
A

Aoz A LAA BE FAAA
AYE gael Bad, By $33
FAAALES R FAHQ Index Va—
lue® M1, I Geo] e FHAE $Ege
4g AeTH(el7]4 Fojstelor & e
FRAR £EL FHol @

o rx % [T

o o

%
lo

gk Hel
A BHA okl A AL &3] 1 HEY ol
). & &9 £-6 Column 1. o A HoAs MW
Zonelll )
MW 90 HW L 10,2 BT
(SH40) (SH22)

o]l 4zg Wye HolH Fsgwont AY
dow oA 2 Agded og WAIA
§F 37 4ol A e ol Fasch

2. AAZ 4G A&e b (Four Site

Examples)

Holdl F3ket AN FsE Roje T F7
& AgelA 8 ATAIE AAG Sk T3 B
PP e AEe 4x A At 2P-4~70) Y
U ok o] @HEES @5 AU d¥AY
Ao wedeel FHFHE BAE

Roch mcc)
doongien

MWERSD LAl
(SH33) a1 22

Swices RMWESS
(SH32) (SH23)

agl-6. (Porﬁuz:d:ymm H~0, #3]8: corestons deveiopmaont in jocally
mguy-mued tydrothesoatly oGected mdummu oe=e, foCk MO TORI;

mwmwm(mwwmw(mm
me(r,))wmm(mmwm

3055 comxpiotely wenthered (CW) matericd: (Co) ond
physeally azqymd(?;) siohing ces (SL) = 3 (zce Teble 4).
Zoes 111, $05% Modorceely wectbered (MW) materiok 4 (Co)
ecd phyciensty st w(m:wmm(sm-n
105 Highly cootberod j (Cy) oed

woteried:
moderetely dictagroted (Py,): Schdt Schmidt hemmer voles (SH) = 2.
Zeza I ”ﬁmm(ﬂ)mm\d Mmmw(c‘)h:xm
coidac physisel dizicesgronon. 6. mmtriwwm
353 Moderotely woothored (W) motonal; (c..)m
ww(rg:mmm(&m-d

KB KERRBERE

h B

Wl 284 HYrl 2 gl shdgelA
gre F3uwg HAEH(AE FAF WE
32L4AR)

a2t 1Y-5% At Be] 22 g sl
A AE Fddg BoEd(dy 24 &
FAF BFEA )

(2) Rz YN & Holx FHEH

a3 1P-62 & AL TE B
£ o] AFHo e FalgBozA AAH
o2y Hwgo H2d, FIFrHoz At
2ol wgsm FFHEe] Be R vehdt
(7 F34e B34 834 A9).

W4 1g-72 wl$ st go] wEF @
Hogr 5T £HEAE gdapA dHe] fd
3 W "ol gol Ho oi FHz} tulrt F3s
e dN g ol e EFEEAE
ol T(th 7 ZF4re BEFA HAFEA ).

Roct moss Rock masg
ona dascrption
— VIRS) ASCe
(HP 0.35)
~ VICW] cwie
) 1SL3)
— IVIHW) HWESS  CWESas
(SH 16) 1SL2)
_ fMw) MWERSS  HWEZ3S
ISH 35) (SH 19}
Hswy SWEES  MWE¥3S
' ISH51)  {SH30)

I3—T.(For dewils of symbols sec E—3, H2 4 tocal corestone
dcvelopmcm duc to the intease hydrothermal acuvny along stecply dipping joint
sets. . rock mass zone: ——, joint: —-=, fault.
anch '100% Residual Soil (RS) il d to resid

(C,} and physically disintegrated to o residuum (Pa): "Hand pzncxromeler value
(HP) = 0.35.
zomvxoo%c.," hered (CW) i
(Cc) and physicaily completely disinteg
(SL) = J (see Table 4).

Zone IV. 65% Highly h
{Cw) and physically highly
(SH) =

15% Complclelv wulhered (CW) malennl
(Ce) and p Hy highly di d (Py): shlung class (SL; =2 (sce Table

ly P
d (PC): slaking cla;s

d (HW) i ically highly posed
d (Py): value

4).

Zone 111, 65% Moderately hered (MW) b chy Hy v
decomposed (C,,) and physicatly y di ated (P,,): Schmudt
hammer value (SH) = 3§.

35% Highly weathered (HW) matenal: ch il highly posed iCyy) and

fly moderatcly grated (Py,): Sch value ($Hh = 19,

Zone I1. 65% Slightly weathered (SW) material: ¢h {ly \hgh(lv de ')
{Cs) but no evident physics 1.e. phy A y fresh (Py): Schmudt
hammer valuc (SH) =51

35% d (MW) | ly decomposcd
{Cy) but only slight physical di g (Pg): Sch value
(SH)=30.
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3} (Scale Effect)

Qe A% AZ o
43 Nese B
(5) 9% YD
zAshed ¥ Nedde 474 E-3% E-6
A4 2.

2 o

mm
Im=100cm
m
1m=1, 000mm

km 1km

:

g 8

ig } lkg=

metricton(t)

1t=1, 000kg

i E

3
3
~
&
&

m/sec
& 75
kp/cn
ko /ont
B

B.'I

&

ef  1m'=10, 000ct
1m'=10, 000cnl

BuEEn

=1, 000m

BE, Hf, #EH

linch=25, 4mm
lyard=0,9144m
1foot=0.3048m
1km=0,6214 statute miles
(1 statute mile=1,609km)

lounce =28, 35grams
1pound =0, 4536kg
(1kg=2. 205pounds)
1short ton==0, 9072t
llong ton=1.016t

1.102 short tons
(1t=0, 9842 long tons)

1,000g

1ft/sec=0.3048m/sec
(1m/sec=3, 281ft/sec)

1p.s.i. (Ib/sqin) =0, 07301kp/ce
(1kp/cit/14.22p.s. i)

lcuyd=0. 7646m’
leuft=0, 02832’
(1m'=1. 308cuyd =35, 31cuft)

1square inch=§, 452cnf
1square foot=929, Ocn
1square yard=0, 836m'
(Im'=1.196sqyd)

1lb/cuyd=0. 593kg/m’
(1kg/m'=1, 685lb/cuyd)
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