Lab Rock14- 1
Lab 14 Rock Mass Rating Classification (RMR)

AsAnunulaiu (Rock Mass) ianuddaaadiuidinssutniagslusiuaiu
ssditnaiia vuaTudd wazvuaanuuun1ssziia tilusiu 5
Terzaghi (1946) {Fwunuiadiuaaniilu 7 wuu deil
1) Intact rock Teafiunvutiazlulsingsaauanniasaauanluiiadiu
2)  Stratified rock TasRunvufiasfianwazifiiaiuiudu 9 uaglufivsia
ATleNsEig duRY
3) Moderately jointed rock 4 <9Aunuufiazisingsaawan (Joint) wsasasa
wen waagfinig dsearunuuaaitiaiu .
4) Blocky and seamy rock iuuuuiiasfidnwarzuadiutiatuunanLen
aanNaNNU .
5) Crushed rock Aunuufifiasfianeasnisuaniluiaiiiaiudonefinisidau
nuagl
6) Squeezing rock Auunuuiiazianeazgniivanaunan
7)  Swelling rock funuufiagwasdvizauenadiuasiiaiu
Deere (1967) «&uanisannunuliaiuwuy Rock Quality De5|gnat|on index
(RQD) ﬂaLﬂa'swﬁummaomwmasmmaamamwumsaﬂsvnan(core) nfiaurae
11nn31 100 uu.(10 U, wra 4 m) mam‘mm'movmwuaouammummumammuuu
Bieniawski (1976) ‘leilauaignisdnuunuiaiuesiaid Rock Mass Rating (RMR)
Lwaﬂsuﬂsamsmuunmauuuuu RQD dofofitainAatnaAedy Clay Filling uag Joint
Orientation LLaJmemsﬂsnﬂsoanumﬂﬂsoaunsumﬂ 1989 laf1uua 6 wisfitnasi
1ailunnsauunmnaiuwuy RMR dodl
1. aranuundvusvaaviiulaanagausiaisd Uniaxial Compressive Strength
(UCS)
2. A1 Rock Quality Designation (RQD)
3. szazvinvuasanulidaliiay (Spacing of Discontinuities)
4. gnwuavau liisatilag (Condition of Discontinuities) tdu aunitvuas
FRLWLAN
uazANNATATY Llusuy
5. &awiinleidiu (Groundwater Conditions)
6. AanvaNNlimaLiiad (Orientation of Discontinuities)

n1snnsliazuuu (Rating) uaazwindiwasdrniunisainunaauninuadiniaiu
Azandudayamuaisen 14.1
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@15797 14.1 CSIR Geomechanics Classification of Jointed Rock Mass #%a
Rock Mass Rating (RMR.) 1a# Bieniawski (1989)

A. PARAMETERS AND RATING VALUES

PARAMETER RATING OF VALUES
1 | Strength | Point load For this low range
of intact | strengthindex | _ 10MPa | 410 MPa | 2-4 MPa | 1-2 MPa uniaxial _
rock compressive test is
material preferred
Uniaxial > 250 100-250 50-100 25-50 | 5-25| 15| <1
compressive MPa MPa MPa MPa MPa | MP | MPa
strength a
Rating 15 12 7 4 2 1 0
2 o/, o/, - 0/, -
Drill core quality R.Q.D i’go/f,’/o g%g;o 50%-75% 25%52 < 25%
Rating 20 17 13 8 3
Spacing of discontinuities >2m 0.6-2m 200-600 60-200 < 60 mm
mm mm
Rating 20 15 10 8 5
Condition of discontinuities | Very rough | Slightly Slightly Slickensid¢ Soft gouge >5mm
(See E.) surfaces, rough rough d surfaces| thick or
not surfaces. | surfaces. |or Gouge | Separation >5mm.
continuous | Separatio | Separation | <5 mm Continuous joints.
. No n<lmm. | <imm. thick, or
separation | Slightly Highly separation
Unweather | weathere | weathere |1-5mm.
ed wall d wall d wall Continuou
rock rock rock. joints.
Rating 30 25 20 10 0
Ground Inflow per 10 | None <10 10-25 25-125 > 125
water m tunnel [/min I/min [/min I/min
length
Ratio:
Joint water
pressure 0 0.1 0.1-0.2 0.2-0.5 >0.5
Major principal
stress
General Completel Damp Wet Dripping Flowing
conditions y dry
Rating 15 10 7 4 0




Lab Rock14- 3

B. RATING ADJUSTMENT FOR JOINT ORIENTATIONS (See F.)

. St"k.e e d.' P Vi Favourable Fair Unfavourable very
orientations of joints | favourable unfavourable
Ratings Tunnel 0 -2 -5 -10 -12
Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50 -60

C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS

Rating 100-81 80-61 60-41 40-21 <20
Class No L. II. III. 1v. V.
Description Very good Good rock Fair rock Poor rock Very poor
rock rock
D. MEANING OF ROCK MASS CLASSES
Class No 1. II. II1. 1v. V.
Average stand-up | 10 year for 6 months for 1 week for 5 hour for 10 min. for
time 5m span 4m span 3m span 1.5m 0.5m span
span
Cohesion of the >300 kPa 200-300 kPa | 150-200 kPa | 100-150 kPa <100 kPa
rock mass
Friction angle of >45° 40°-45° 35°-40° 30°-35° <30°
the rock mass

E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY

CONDITIONS
Discontinuity <1lm 1-3m 3-10m 10-20 m >20m
length
(persistence) 6 4 2 1 0
Rating
Separation None < 0.1 mm 0.1-1 mm 1-5 mm >5mm
(aperture) 6 5 4 1 0
Rating
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 6 5 3 1 0
Infilling None Hard Hard filling>5mm Soft Soft
(gouge) 6 filling<5 mm 2 filling<5mm filling>5mm
Rating 4 2 0
Weathering Unweathered Slightly Mod.weathered Highly Decomposed
Rating 6 weathered 3 weathered 0

5 1

F. THE EFFECT OF JOINT STRIKE AND DIP ORIENTATIONS IN

TUNNELING
Strike perpendicular to tunnel axis Strike parallel to tunnel | Dip 0°-20°
Drive with dip Drive against dip axis i;’::rli’f:“"e
Dip 45°-90° | Dip 20°-45° | Dip 45°-90° | Dip 20°-45° | Dip 45°-90° | Dip 20°-45°
Very Favorable Fair Unfavorable Very Fair Fair
favorable unfavorable
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winfiteasilalunisiuunnguanaiudmsussd leun (Fusuns, 2555)

1. Strength of intact rock

Schmidt hammer test

o

Uniaxial compressive strength o, (MPa)

400,

-

ANuLdvusvuavalIatineiu (Strength of intact rock) Atnu1 i ua
ANuudouselunuiwnuidian (Uniaxial Compressive Strength) #'lsianaisnagaumian
ANNudusvuaalatinviu (intact rock) LLun‘lmLsoﬂm‘Luuumnumm "IaAIAINY
uwdvusenauuula (point load strength) annnl1snasauslat19iu d9a1nn13197
14.1(A) ”l,mLLammﬁwmaommmLmoLLsoLLasmmsnmummmuﬂuuuuwaaumasmama
i lldssifiusialyl denrsnedavdl UCS Tumaguunfianudzainuaznaiiaglanig
nagaulaalyd Schmid hammer aui'ldnanuailunisnagau 2 Impact Hardness
Test (51 14.1
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2. Rock Quality Designation (R.Q.D.)
A1 R.Q.D. azldm'laannnsuseisiuaruidanisua Deere (1963) ﬁomm
naatviiunsinszuan (Core) mo"l,mna'nmLLmLﬂu‘uana“tumsﬂs"mumumswm
14.1 (A) wazd@unsadnal RQD lumasun'ladiogli 14.2

Take AODw as the average of many measyements

\ N \
s NN A/ TN i, o A
\ \ L<ROCK WALL | { D\ N \ 7\
GREEN N NN e A MO NG
¥ \ \ /< :':\ - \ ./:-V/' B 2 P o L '.\ >
f \ / \, . \ - \ k { -
e W M OmE BN W EN W
Y e B W | ., |
om s L.g7-d % Lgs ’ A |
© 17 + B I ) 7% | #
RODw - X00 = 62

RQD = (L /L) x100
= (3.00 / 4.00) x 100
= 75%

[] awadiu=10em
au1ATin < 10 em

519 14.2 n1s¥aa1 RQD uaasuy

o
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3. Spacing of discontinuities

538l umwaouu'smm”lumaLuaomaumuﬂn (spacing of joints) al238ns
wivuav Deere (1963) dadin joint eu. mua"um'mumﬂ‘imﬁoumsaﬂu,r;m (joint) sas
dau (fault) sTunutudiy (bedding plane) Msasaﬂumnmwumuunauﬂ (surface of
weakness) nsdsuifiuszasvinozassasuanaitadsuifiulaluaiasuin (U7 14.3A) wia
NMatIRuUNsInsTuanaINuauLaIe (drill core) latfidayatiagwa nisAinuaan
AAITLALWIVUAITALILA A (spacmg of joints) unaummun‘lumauuu ARTAUUAN
(joint set) 41u3u 3 e A9NUAIGUAY wuuls1ngluaisen 14.1 (A) asilusrdu
muuumna"l,mwﬂsumumnauumswumau‘luamwanqm franaiuidiuiugasaaunn

Waanindl Ararduazuuuatlaglunaisininidsnngluansei 14.1(A) e

(59 14.3B) anngulanunsavandiszasivsziivszuiusasuan (JPS = 0.1 - 1
m.) uanandideaiunsafiatsan Joint set Ladnsa Taalusdiaunsauioled Joint
set da wud J1, 32, 13 uay J4

i'ﬂﬁ 14 3 msmmmm‘lmatuaomauumﬂnwaomauu
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4. Condition of discontinuities

HudayatAsrdudnrazuasuwianubisaiiae laun anue1(length) Au
mws”(roughness) 2aIAITALLAN ANNNTIINIANITUEN (separation) mmuﬁwaawﬁa
nuan ANUAaLilag (contmuous) wa9TALUAN NNSUSINJUDIAY WaRungnuaALazUTS
Tusasunniiy WazAINUKNWY (weathering) Fodnwarzdonanazisninaadiouinsa
fnwarauiduannafiudednrasaassasuanuiawuwiaiubisaiias asasragay'le
NnYasasuaniidsng usnaiuiiy . .

luaseanazaumadundfidayaimdudanrazuasuuinnubidaciiagl
aztdaaninAgiunsaldeise 14.1 A lunisdsudu'le uazdfdayanasidaauinay
Waulandsngluaise 14.1 E Aasldnnse 14.1 E tlunisdsuidfiue

Description of joint types JRCs; I
Rough
I A P\ e N e .. T 18-20 4
Smooth 2
e — e MEZ 14-18 3
Slickensided @
ng — —~ — 10-14 2
Rough ;
v ~—~ —c—V———————"—"~__— | 14-18 3
£
vV Smooth =~ = =04 2
2
Slickenside =
ypokckenmded . 2lagn 1.4
Rougl
v~ — 46 15
)
VIII Smooth § 2.4 1.0
1x Slickensided 02 15
0 10 20
1 1 ) Scale

Discontinuity description and joint roughness coefficient (JRC) estimation,
left and scale effect correlation for JRC, right (Barton and Bandis, 1990).

(d) (e)

The alternatives in the figure may be described as; (a) rough and interlocked
discontinuity surface, (b) planar (slickensided) discontinuity surface with no rock
contact, (c) non-planar discontinuity surface with almost immediate rock contact (t
<< a), (d) non planar discontinuity surface with possible rock contact after some
shearing (t < a), (e) non-planar discontinuity surface with no rock contact (t > a),
and (f) discontinuity surface dominated by filling material, and where influence by
surface roughness is not possible (t >> a).
sﬂm 14.4 fnwazzasumanubisaiasuasmnaiu
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5. Ground water conditions

5 ﬁ']‘l@fﬁuﬁﬁmﬁwaamomm;iaa”qumzanﬁﬁmﬁmn‘a"mLtazwqﬁnsqmaoma
U ﬁoﬁuﬁa"l,s\”ﬁmsn“mum‘lm’ﬂuﬂﬁwﬁoiumsﬁwu,unna‘umaﬁu Tunsalniinisiany
aluvAuTudvnIsds v TueA mmmmﬂsmmwaaum"mmm"lﬂ‘tuaiummw
ﬂswmuua"‘lumm.lﬂuuuu”lmmouam’(umswm 14.1(A) v3aaralarayadug leud @1
wsodutrlusasnunn (joint water pressure) #1561 E8ATNUILUTINA N FIFA (major
principle stress) waalssifiudanuoaiy msﬂsmg‘uaau‘msnm‘(musanmumn‘muwﬁo
lewAnswudAIzUR (dry) fianudu (moist) Jus9duin mawmmﬂmmmmnnms
Us1nguain

Explanation:
_Local
piezometric Saturated sediments,
surface . water bearning bedding

plane or fraciure

—— Direction of groundwater
flow v

A‘Covsy Hil
Sandslone ‘

Conceptual model of a rock mass aquifer with groundwater flow dlrectlon (Nastev
et al., 2008




Lab Rock14-9

enatiny

~ 6iavn1sgAn stand up time wavulaniu iaymalusduuna 6 was WIunaRuLila
iy doanasanagaumasunuayldiiudativunasayldiayadvealuil

nanadauluaslfiidnisleri unconfined compressive strength (u.c.s) uaviiu

wind'u 80 MPa Jad1 R.Q.D.'l6 60% uazainnisasiadauluauinwuing joint nd
szeIz1nv (spacing) windy 70 ain. Taadnwaizuas joint dufifiugussidndasa (slightly
rough surface) fisaauanfa 0.5uu. utionWoldnias (slightly weathered) uazwuin
waiuiaudunsaauan

351
nndayasinaniuiuwinfiwaslunaistiazuuu (rating) seiida
AAaTWN 14.1 agle:

1. strength of intact rock , u.c.s.=80 MPa ; rating = 7
2. R.Q.D =60% ; rating = 13
3. spacing of joint, 70 cm. rating = 15
4. slightly rough surface, separation<1 mm. slightly weathered- wall

rock; rating = 25
5. ground water, damp rating = 10

Total rating = 70



