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wulitiosndn 3 was esanuinusesdevedivaidiandanuulsusiuresiufiu/fuun
Usgnaudumanafuangluiiuiisaeudisgs Ssndudeaazdrnaimnduiiofnuinidssy
dwiinuasssyUasadufivngay 307 29 wanserudsstonimsaesaduasuiuiiugvie
v e liliAausdnseniaandufugiunouninsesgiusnidy Feldinsfndausiudensa
indouenazmeslutiaiifuanziuuinudngn (Ui 30) Wetestunisiuardnvesgrunounin

Y

= 1 1 < A 13 a
ezmawmwamal,mmimmq E‘U‘Vl 31 LLﬁﬂﬂﬂ’]iLQ']%Lﬁ’]L‘U%JIu%u
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JUN 25 gruuRseguuiiugiusnides inliidesdenislaavaziuuse

JUT 26 grumsunIaUTuszauilieRamanuasiinaunuisieiy
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JUR 27 nsdeadigusnenlaaizlufiussuuden

JUN 28 anmvaznIsaaie
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JUN 30 urudinzdiveanusdlaseninauadunieiugusasnaunsaia

v
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AN3AUIUANE S VTNV ST Ui

(%
a

ANNaNIsatunssudmtnvenanduluiu lnsuinaziuedfunuautiveswialunug

Aa o o P~

feas1e Fawnniduiundmasgs Janmanuwiesn Azdeliiauswnumuseniranaiuiugidy

5 <

IFun nsAwamdesuiminvesanduanglutuiiuSocket pile)  Tmetialuazfiansan
Anuanansalumsiuimitnvenanduen 2 dauie wsadumuiing1a( Side  Resistance) Wiouss
Buanuingne Sefiansantdefuusaiouseninmeuniaduiu wavwsaduniualane( Tip
Resistance) @sfianann1ssumdssnseninenauniafuiiu suneulunisfuinmdsuintnues

e luduiiulanamugui 32

WANITRTUIAMNAN TR UNIST U TN ta T ueeTutuiudide At slnandnly
AsSutuTnvasadu(limitation) 19991NAINAILITOIUNITSULSIDDULALLIIDAVDIADUNT AT
Judagmdnildlunisneaiaanduianzenainuaiuisalunisiuusadeusarusadalininiiugg

7w wuluuiensdl dnsneadrsaduianzlutuiuniainuaiuisalunissunsadounazindwnleas

Y

o w

wanaunsafitdlunisneadeiiadunduiinauaud@lunissumddidniiulaiuuin winienids
Suihwtiniewaddanuiaiuunld msidhvenandufanfatuiildonounisveduanduiiowin

a Ay va QA o g o Ao 1
AouNSANLEHAaaEN R tuNSTUMInAAIN I

Socketed Piles in Rock

Socketed Piles in Rock
Bearing Capacity

l
Side Resistance Tip Resistance
(skin friction) (End bearing)

|
| | | | |

Uniaxial compressive Side shear resistance ucs reduction factor
strength(UCS) of intact rock reduction factor of for
intact rock End bearing
@ capacity
— @ |

Schmidt Uniaxia! Rock mass Rock type Other factor
Hammer Compression classification and Such as
test Strength Test RMR, description degree

Q system of
, RQD weathering

JUN 32 Fumaumsmuriassutmiinvasandaluiiu
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ngufildlunsdunaumdsuiminvesandug: Meludiuvewusssmumuit ezt

AUNUEILUANY L8aZLDYnRIN

1. W3RN IURITN MsiwuALsunIuitsesalnsluiuedenuaudinig
memnwesnaiulunsuUasiassnves intact rock ui&ssavesnafiutrock mass) ¥4
thlVldludunedssuusadeuvesnaiiu aunsililunsduudldgninauslidoudreun
Feluusazaunsazimnumnzauiuanmaiavesnaiiuiunnaaiy o1filvy Reese and  Neill

(1988) , Gardner (1987) , Williams et al.(1980)

N, AUNITNITATUIULIIPTUMIURITI9e a1 LAY Ainauslay Reese and
Neill (1988) , Gardner (1987) &altA1 RQD% tudnlstun1suuaarfindednves intact rock tJuan

Y

Maadaveaniaiu udiuszinardumiisusssumuRadlaedsn1saugun 33
Qs =7 B, D, (0.144 ger) (1)

Qsg : Ultimate side resistance of rock socket ( k)
B, : Diameter of rock socket (ft)
D, :Length of rock socket (ft)

gsr : Ultimate unit shear resistance along shaft/rock interface(psi) (E‘Uﬁ 32)
Cm =0 CO (2)
a = 0.0231(RQD) - 1.32 > 0.15 (3)

a . Unconfined compressive strength of rock mass, concrete, whichever is weaker
Cin: Uniaxial compressive strength of rock mass (ksf)
Co: Uniaxial compressive strength of intact rock (ksf)

a ¢ : Reduction factor
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T 400 .
&
= 300 4
G T
4 e
W 200 f—-—- <Ll —
z AP
e T ///’/ e
7 Ve
& // ]
100 S o
a8 - 1
in s sl i) g _r‘/
e S s
I i
s P
Q
i —
=
8 J
& 20 _ _ 3
. 200 500 1000 - 2000 5000 10,000 20,000

UNCONFINED COMPRESSIVE STRENGTH OF ROCK OR CONCRETE, WHICHEVER.iS°WEAKER,oc(psl)’

FIGURE 4.65.3.1A Procedure for Estimating Average Unit Shear for Smooth Wall Rock-Socketed Shafts
" Horvath, et al. (1983)

sUN 33 nsuinldlunisussanaudnigussirunuaudnlagldrnddnvesuaaiu(C,,)

a IS o w [ o L < ad (J z:l' ¥ o
AR TUVAIARLUNTSUTRENTLENIN  A1udsnsAWIluaun1sh 1-319vin

ANSNISAIUIULTULABINUNITATUIULSIAIUNIURITIIVDIUIATU WA LALIAINISI9AUBIABUNIAN

nadeuld(lnesnluianduanzazeanuuuliiiingsdn 280-350 ksc) tJudwds C,,  waruszanuan

MUIUTIEIUNIUAULTI(gsr) INNTINTUFUT 33 BaNAT qe VBIRBUNTANATRENTIAT qe VY

1naAu AR ger VDIADUNTAUNUAIAILANNITN 1 IINDAIUIARIALTIITUNIURITIS Qsr

ArANsevasandnduilaluu®d,) T dusuusluaunisi 1 iemuiuaALse

FUNIURITIE Qcp D193 a0NLYLA 5/6 %38 2/3 ¥89A1 D, LiieanAULEsI1nANULUSUSIUB 9%

) o a v [ a . . . A o
. @UAITNITATUIULSIAUN LRIV RENTULE WU Skin friction, f.) NUdWalnY

Williams et al.(1980) Fagnimuiainaunisidelszaunisalnuanduluiuniiaiulideiios

PANNNSIUNITAIUIUALTIANUNIURLT T U T HTAMUARIEAU NEINNISAIUINYDY Reese  and

Neill (1988) , Gardner (1987) lagldaaaudinienieninvesanaiulunsussanumfiiwlsaningg

WWauUasAndednvad intact rock LuAIAdsTULSIRauYaILIaRY

(@)

fs = awaGc
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QOL,, = Side shear resistance reduction factor (g“tJ‘ﬁl 34)
va = Side shear resistance reduction factor (gﬂ‘ﬁ 35)

G, = Unconfined compressive strength(UCS) of intact rock

WNRANIUTIEaDEATeIEaNNTST 4 RznuniuvessiwUsiiludguanaidswesiuintact rock
flo o, MudsAauanAfivinadunINIINAGIvesiiu intact rock dausinys B, UuRednsdu

! v = AL a ~ Y = I & !
TNV TITUNNNTEOUNTHURL 999 rock mass WWeuiy intact rock @91 B, Wuilsduvesin

lugdavad rock mass Wag intact rock aufiuansluaunisi 5

Bu=10) .= E=fg (5)

E,, = elastic modulus of rock mass ,E, = elastic modulus of intact rock

. a p= o w cw 1 = ¥ a &
A1 J MUEUNTIIN 2 dANUFAUNUTAUAT RQD mmmmmlmmaumsw 6 11999199%

mldananuduiusmugUi 36 uazmuduiusszninem j due B, awnsamilaainaruduiius

Tugui 36
, , 0.0186(RQD) — 1.91
E/E=j, j=10 (6)
1.0
09 }— ° 9 Mudstone
‘; «+ Shale
e; 08— e e Sandstone
:; 0.7 — Line of best fit
é 0.6 * Maiich &
é } Kozicki (1967)
'3 05— »
g 03 .
[ ]
3 |
& 02 ] Wilson {o T ..
0.1 [~ (1976) lo "o ..,
* "Q *
ool Lo gl 1o el Lo Lol
) 1 0 160

Unconfined compressive strength o, (MPa)

3‘1J‘17'i 34 Side shear resistance reduction factor(Olw)

U
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Y

Side shear resistance reduction factor By,

EwlEr

fa - after Williams and Pells(1981)

2/
I'4

0.4 - : J

o———— Moderately weathered, normal roughness
02 p= Xw== «=X Highly weathered, roughened

Ow= == © Highly weathered, normal roughness

RQD (%)
JUN 36 anuduriusvesdn RQD fuen j (E./E)

fan . after Zhang and Einstein(2000)

0.0 1 L t |
0.0 0.2 0.4 0.6 0.8 1.0
Mass factor j
U7 35 Side shear resistance reduction factor([3w)
731 : after Williams and Pells(1981)
1 o—o N
091 © Coonand Menitt (1970) ay ‘
- - A
A R .
08 1 Bieniawski (1978) Pa, 1
L+ Ebisuetal (1992) o8/ R
0.7 + ° Oy .
L A oh %
& e
06 T 0.0186RQD. 8 D, T
i E w/B = 1.8%10"0'86RQD-1.91 a e a
¢ O
05+ o o VAR
- 'f a
dad EJE. = 10°-0186RQD-1.91 ';_-A . I
i r2=0.76 < .3
034
02 4 E/E,=02%10°0186RQD-151 q
0.1t
0 — ! ...?,......?...,._.
0 10 20 30 100
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A. InAMn
WBNANILNITUINIAIUANNTOLUNTSULTUADUTB I MU UAUAINETATUNNTT UL TURBY
vosmouninilfiiuianlunsneainsud luuensdivimnsgoonuuudsasiesiansandnirinues
AuanusalumsulsadeuvesnaiuiisuiugaaniRmnamenmduuesnaiugui 37) lng
YOUIINFIAAlUNITDONUULAL RSN INNITUL ST UL IWBsHAU(Class) nun$1et 1 Fsldnanis

NAdaU Unconfined compressive strength (UCS)Wse Audivessesreluinaiuuesiiu sandstone

Tus19n15ANUIULNIITUINNNISNAFBUAINEID ATBIAL (UCS)

YINIFTULNMINVDUANTULDE NITAIUILSIANUNIURIT VDA TN

A5NA 1 MITWUNTUANAMYBINU Sandstone IMNNTNAFBUNTFUNMAISN

Class Unconfined compressive Defect spacing Allowable seams
strength g, (MPa)
I =24 =600mm <l.5%
II >12 >600mm <3%
I =7 >200mm <5%
v >2 >60mm <10%
W =1 N.A, N.A

i - PJN. Pells et al (1998)

VAINAMUATUAMAINUDIAY INHANITNAFBUNITTUMAIBAUCS) 21nA51971

AYBULIALNGATDY WIAHLAMIUAATUNRINTIAUMAIANE skin friction resistance A"504

AUTUAMNINANLTILEATIUATIN 2

A15NN 2 NIMMUARIYBULIALINTGATDY skin friction resistance ANTUAMNINVBIAY

= T~ =~
Class “Ultimate end > Serviceability end |7 Ultimate shaft™ Typical
( beat*ingl ) bearing pressure: ( adhesion’ Efiea
— MPa _~ MPa N KkPa _ MPa
I >120 12 3000 =>2000
I 6010 120 0.5q, 1500 500
Max. 12 to o
3000 2000
m 20 to 40 0.5 q, 300 350
Max. 6 to Lo
1500 1200
v 4015 05 q, 250 100
Max. 3.5 to o
200 700
v =3 1.0 150 50 to 100
'Ultimate values occur at large settlements (> 5% of minimum footing dimensions).
“End bearing pressure to cause settlement of <1% of minimum footing dimension.
*Clean socket of roughness category R2 or better.
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1 - PJN. Pells et al (1998)

Load Capacity of Socketed Piles Vs Concrete limitation

Compression Rock mass Compressive
Strength Test Properties strength

of Concrete

4 A4

Compressive Side shear : : :
strength resistance Tip Resistance Compressive
of intact rock reduction factor ( Bearing capacity of rock mass) strength
‘ ‘ < limitation of Tip Resistance of Concrete
Side Resistance Side Resistance
(skin friction of rock mass) of Concrete
< limitation of Side Resistance

|

A4

I Use minimum value ‘

‘ Use minimum value ‘

l |

Ultimate side Ultimate Tip resistance
resistance of socket pile of socket pile

[
Y

= a = o w U 5 o < a
E‘U‘V] 37 JUADUNITRINTUVAT NS UL ML NS E T Tuiiy

2. WSIAIUNMIUAIUUAY A1TANUIULTIAIUNILAILUANEYRBEI T L TuRuTivdnway
BnsuRetunisesnwugusnuuuiy Ingldauaudininienmeesiaiuludinuansn
AduianlasAf1deenued intact rock TitdusfiNaednveuiaiu(rock mass) LaWNUATNLUELNT

ANUINAINIRILUNNINY

A, AUNTINTSAIMLSILUNIEILU8(Tip resistance) Aitiauslag AASHTO(1989)

[y

ANENINsatuNITTUMAUNIMUTIVaBE L1 e uduiuaglueg fu

[

KLY

(rock massifue @dlaesssuwnd rock mass azdulusemuilisedouazangldainaueves
aruauiFlumanamans Fedsnalasnssnsasmousndwesnafiuiu FufunsRansanauaunn
Tumsfuiduunmuvesanduangddndufosdafanulideldewaunaiiuirock mass) 13

o o w ci < A £24 t:l' o
ANAaLUNMUAvangE@dlaenlganaunsi (7 wuzilng

q max = Nms * Oc (7)

[

O max = NAWUANUMTIFUNIL)NUA8LTL
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Nins = ANduUsEANTaANaui&Ives rock mass (5U#14-5)

Oc = Unconfined compressive strength(UCS) of intact rock

A1 Ny, LuAflsrduesnun ez eiinvesiu AunwyesfiuazRiansanfesedy
YDINIHNI ANNVDITBBUAN ANUDVDITOBUAN TR sHaRENTAANDUMADITU Tudiuves
Tassnsiilduansuunaiafiu mnmaaedmm ifiarsandauiue UCS of intact rock filéan
NINAADU Lﬁamﬁwé’u%uﬂmmwmmﬁu, rock category (g‘th?‘i 4) waglgan RQD NATUNTIAUAT

v

aAuTUAMAINYRIAY Tun15mAn N, (57 38 - 39)

Rock . Unconfined compressive
category General description Rock strength, o, " (MPa)
A Carbonate rocks with well- Dolostone 33-310
developed crystal cleavage Limestone 24 -290
Carbonatite 38-69
Marble 38 - 241
Tactite-Skam 131 -338
B Lithified argillaceous rock Argillite 29 - 145
Claystone 1-8
Marlstone 52-193
Phyllite 24 - 241
Siltstone 10-117
Shale 7-35
Slate 145 - 207
C Arenaceous rocks with Conglomerate 33-221
strong crystals and Sandstone 67-172
poor cleavage Quartzite 62 — 379
D Fine-grained igneous Andesite 97 -179
- crystalline rock Diabase 21 -572
{ E) Coarse-grained igneous and Amphibolite 117 -276
B metamorphic crystalline Gabbro 124 -310
rock _Gneiss _ 24-310
_ Granite 14 - 338
“Quartz diorite 10-97
Quartz monozonite 131 -159
Schist 10 - 145
Syenite 179 — 427

(”Range of unconfined compressive strength reported by various investigations.
@Not including oil shale.

JUT 38 M3Uszanun ¥aeveansiuigadn (UCS) annviinvesiiu

i - AASHTO(1989)
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with discontinuities
spaced 3 to 10 feet
apart

[==—————————————————% -
Fair Rock with several 44 1 : 0.049 0.056 0.066 0.069 :
sets of moderately @ === — T ———————————————— —
weathered discon-
tinuities spaced 1 to

3 feet apart

Rock Ng®
Mass General RMR® Q@ RQD® J—
Quality Description Rating Rating Rating A B C D @
Excellent Intact rock with 100 500 95-100 38 43 S50 52 (61 |
joints spaced > : :
10 feet apart | |
| |
Very  Tightlyinterlock- 85 100 9095 14 16 19 20 |23 |
Good ing, undisturbed | I
rock with rough : :
unweathered disco- | |
ntinuities spaced 3 : :
to 10 feet apart : :
Good Fresh to slightly 65 10 7590 0.28 032 038 040 :0.46 :
weathered rock, : :
slightly disturbed | |
o
| |
| |
| |

Poor Rock with numer- 23 0.1 25-50 0.015 0.016 0.019 0.020 0.024
ous weathered
discontinuities
spaced 1 to 20
inches apart with

some gouge
Very Rock with numer- 3 0.01 <25 Use qy for an equivalent soil
Poor ous highly weather-

ed discontinuities
spaced < 2 inches
apart

(1) Geomechanics rock mass rating (RMR) system (Bieniawski, 1988) — See Chapter 2

(2) Rock mass quality (Q) system (Barton et al., 1974) — See Chapter 2

(3) Range of RQD values provided for general guidance only: actual determination of rock mass
quality should be based on RMR or Q rating systems

(4) Value of N, as function of rock type; refer to Table 2.8 for typical range of values of o, for
different rocks in each category

JUT 39 A1 Nms ilglunisussanammaduunmuiivaieiadunie

fa : after AASHTO(1989)
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[y

9. IndrinveaussinunuduUateroaaduiang ( limitation of end bearing)
finnsananmaiioy smduunmuivaigiendudeiiunildnuaunisi 7. Weuduen
anuaninsalumsiuidssavesneunin ldenlaiitesignainnisiisusndmusidud veuiun
ingelunseeniuy wiluunansdiimnsgeenuuuoiadzavouismnnaadidenanAmidsuunmy
fosaasewineouninfuinaiiuluiisuiudonuziilunsdenldueuunnnanvesivesrigs

A < wa 4 a Ql'
WUAVIUNUAIBLENTUANAENUANNNAAEAITVDINU(RITIM 2)

3. mmmmmiumi%’uﬁmﬁﬂmmﬂsamaumﬁmmﬂuﬁu

Iﬂﬁﬁ?lﬂﬁ’]ﬁﬁﬂﬂiiﬂﬂi?ﬂ%@ﬂLﬁ’]L%iJﬁ]%Uizﬂ@UéﬁEJ AYLEAHNTALUNTTSULSS
Frumugudig uas anuanusalumsiunsduuiivanady uiiesmineueSendiintu
vinuuamsaduangluiuiuitosinn(desnfusimangadasdunndlefieutuiu) Jmns
rAoanuuuinIzAnLsmuMUdILUAEUA 10% - 30% YosIFUMUARATUTvaneE Ty wioly
VNS EIRNSNSveuiuiinuulsUs NN fhegrauitufitiinuaind msUssanm
AuadRUaeandusindanueanndeugs Imnsgoenuuuisiniiazdnrmdaunmudivas
il

ArgnduAulaenie(Fs) Ndlunisesniuuianduaizlutuiiueglugig 2.5-3.0
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I a
ﬂ'ﬁﬂjﬂﬂilﬂﬂlﬂ’]Wlﬁ'lmlaJm'wcluﬁu

nImUALAMAINENLINUIZENOUSBNISVIAeU Drilling  Monitor  Lilens9d80uUIUIAYeN
MANLAY (UM 40) Sonic Logging Test tiensaaauaNadianaveilonaunInndsnin (FUn
41) Dynamic Load Test, Seismic Test uag Static Pile Load Test slawannaly U7 42 3391nHa

Static Pile Load Test aziiuinandufianududaraings fanisvadanisies

STS Instruments Co Ltd
WAT KAOQ SUKIM

_] A ped
L o,

U7 41 N15MAgaY Sonic Logging HanI38aUANENYIalvata NI INIskazudas
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wamsuaday Static Loads Test S-17-3

0 75 150 225 300 375 450 525 600 675 750 825

0 42
l}m\f‘ 2525
05 T =
2
75T, 078 |0.9026
2845 T fiy o]
1 2,015
e B
= 45 »}k?b -1.515
E =L
E 1,702 -1p525 1.798
] T35
E 2 1.p4 2108
B
[2.3125
% 21678 2,485
2 55 aja1s
e 2445
-2.7925 279
3 b 8128 .
R 1775
-3.p42s
3.5 S
4
Loads (ton)
| —+— UpLoads 300 ton #— Rebound 300 ton UplLoads 750 ton Rebound 750 ton |

gﬂﬁ 42 NaN13NAEBU Static Pile Load Test vauanduanzluiiu
FIUIINUH
LE)

swneaisgundngaeliiinsteaisunuEdufuldtinisieadal udiiles
smsvEeUmNNuATNUI enaliruidssgeiasthgiusndiuantd dauansdameingg fnulugud
43 s 40 FahFdddndulatesunnifuoonuasinuufiugtusniidanuvsuszan lnenseiel
Fou fagud 45 Teedidorimuanisusuniiudsgud 46 nmsfafiuiiesigrusniduldieaiia
g1narun Wesnniufianuudausiiuse ilkauausuiauazauizeuein Tnglunisuiuay
Bousiosonde gumniidiuglunisadafiuaianszandniunis seinisnoadiegiusinud 16
fuiumslasauszingzSaegieds ilesanusnguunsesunnvesiiuvatesuuuy dauandlusud
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Shallow Foundation on Rock Mass

Shallow Foundation on Rock Mass
Bearing Capacity
(Hoek and Brown 1988)

Uniaxial compressive Correction factors for
strength of rock mass foundation shapes
Uniaxial compressive Compressive strength Foundation shapes,
strength of intact rock reduction factor length- width
Schmidt Uniaxial ‘
chmt nlaX|a. Rock mass Rock type Other factor
Hammer Compression D
test Strength Test classification and Such as degree
RMR, Q system, RQD description of weathering
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Qu =Cers”>. Oyl 14+(ms *+1)"] (8)

Csi= Correction factors for foundation shapes (Length,:width) 51971 3

m,s = AFILUTARMIAT IINNTTUUNTUAMAMIAUIBY Hock and Brown (5U 51)

O = uniaxial compressive strength of the intact rock

5797 3 Correction factors for foundation shapes (L=Length, B=width)

Foundation Shape Cq Co

Strip (L/B>6) 1.0 1.0
Rectangular

L/B=2 1.12 0.9

L/B=5 1.05 0.95

Square 1.25 0.85

Circular 1.2 0.7

#n: Sowers (1970)

IA.ATAVEANA Asaun AuUEITouAsiRLIAINTINUTAKAZEINIIN (www.gerd.eng.ku.ac.th)

AMAINIAINTSUIYE ALIFINTSUANENS UANINSBELNYATANERNS



“nsneasnegiusnermsuulual: nsalfinwinisneasiuafdinngiy”

41

Table 3.7 Approximate relationship between rock mass quality and material constants (Hoek and Brown, 1988)

CSIR rating: RMR = 85
NGI rating: Q = 100

Empirical failure criterion: 5
o) = o} + ,/moymoh + scﬁm e EJ) 2 : EDJ 9 ::1
o = major principal effective stress 0= 9 = < = ivEs =
; : e ; B> [©N o =57 =
o4 = minor principal effective stress = 2 O 2 8 2 Zo
Gy(r) = uniaxial compressive strength of E = X 5 Exlee] E &S PE
. EDT o3 B0 Sws e E
intact rock, and == g 3 s z 573 A%m s
o — SN ST
m and s are empirical constants. 4 ﬁ - % s % jf_ff e = _‘§ e S 5 g ~§
Cw§ S _ O’—}V’"ﬁ O=3 Q< %n
O>-‘“:: =g m“:}': AR !-‘4["‘5405
“Es OFY B8] goy i s
HA g <E8 P Lﬁm': E LSy
s} e TS s .04k
Zo . "y CO0y &D° wmo=Zs s
(B = ] £ S3 Za§ 0O0s LOFS ¢
B@E £ 38 ZOE:E A% ERnZE X
2% ES:  HERY zAY gEzi
cat¥ S882 <BEnd E8US 080§ %
INTACT ROCK SAMPLES
Laboratory size specimens free m 7.00 10.00 15.00 17.00 25.00
from discontinuities s 1.00 1.00 1.00 1.00 1.00
“CSIR rating: RMR = 100
INGI rating: O = 500
VERY GOOD QUALITY ROCK MASS
Tightly interlocking undisturbed rock m 240 3.43 5.14 5.82 8.56
with unweathered joints at 1-3 m s 0.082 0.082 0.082 0.082 0.082

GOOD QUALITY ROCK MASS

Fresh to slightly weathered rock, slightly m  0.575 0.821 1.231 1.395 2.052
disturbed with joints at 1-3 m 0.00293 0.00293 0.00293 0.00293  0.00293
CSIR rating: RMR = 65

NGI rating: Q = 10

»

FAIR QUALITY ROCK MASS

Several sets of moderately weathered m 0.128 0.183 0.275 0.311 0.458
joints spaced at 0.3-1 m 0.00009 0.00009  0.00009  0.00009 0.00009
CSIR rating: RMS = 44

NGI rating: Q =1

o«

POOR QUALITY ROCK MASS

Numerous weathered joints at 30-500 mm, m 0.029 0.041 0.061 0.069 0.102
some gouge. Clean compacted waste rock 0.000003  0.000003 0.000003 0.000003 0.000003
CSIR rating: RMR = 23

NGI rating: Q = 0.1

w

VERY POOR QUALITY ROCK MASS

Numerous heavily weathered joints spaced m  0.007 0.010 0.015 0.017 0.025

<S50 mm with gouge. Waste rock with fines 0.0000001  0.0000001 0.0000001 0.00000010.0000001
CSIR rating: RMR = 3

NGI rating: Q = 0.01

@

*CSIR Council of Scientific and Industrial Research (Bieniawski, 1974).
'NGI Norwegian Geotechnical Institute (Barton et al., 1974).

MUELR : RMR and Q = rock mass classification

JUN 51 AMUAUNUSVRITUAMINTWVDINIAAULALAIGILUT m, s
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