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RQD (Rock Quality Designation) RM R (Rock Mass Rating)

Deere, 1989 Bieniawski, 1976

L=0

@ no pieces > 10 cm

L=20cm

L=35¢cm

_zDriIIing break

L=0
no recovery
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Total length of core run = 200 cms 077 13 28N >

— ZLengthofcorepieces>10cmlength - ”bv: V’U’ﬂb ’\’Jﬂﬂﬂ ﬁ"P‘TVﬁ 193 >

Total length of core run

38+17+20+ x100 = 55%

RQD = 200
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(Geological Strength Index )
Hoek et al., 1995

1

GEOLOGICAL STRENGTH INDEX FOR
BLOCKY JOINTED ROCKS

From a description of the structure and surface
conditions of the rock mass, pick an appropriate box
in this chart Estimate the average value of GSI from
the contours. Do not attempt to be too precise.
Quoting a range from 36 to 42 is more realistic than
stating that GSI = 38. It is also important to

Slickensided, highly weathered surfaces with
Slickensided. highly weathered surfaces with

9
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=) 5 ]
E @ g
] g 9
o | %| %
recognize that the Hoek-Brown criterion should z 153 54 o
only be applied to rock masses where the size of <] E g i
individual blocks or pieces is small compared with E _: g e
the size of the excavation under consideration. b4 5 > s
When the individual block size is more than about o| 2« = 3 <
Lo . 8 ol 9O S 1 o
one quarter of the excavation size, the failure willbe |} el é‘ g o)
structurally controlled and the Hoek-Brown o O3 - : -
L < 2 ac g
criterion should not be used L 1 =} ’34 >
© 5 82 22 82 &
STRUCTURE 3| >> | o< | &4 | = >
7 7 10E+6
- INTACT OR MASSIVE — intact rock
specimens or massive in situ rock with 130cm—/ 90 AV AR
/ few widely spaced discontinuities , N /
owen| /80 T T GSI = RMR for RMR,, >18
cm | =
. 80cm —| 76 76
=7 BLOCKY - well interlocked 70cm—| O r
{ undisturbed rock mass consisting 60cm__| 70
“;.2 cubical blocks formed by three 30em 100E+3 G S | = R M R89 - 5 fO r R M R89 > 2 3
L J intersecting discontinuity sets 40cm
30cm 60
—~
&
. £
VERY BLQCKY - 1nterlqcked, ) 20em | 50 10E+3 S
partially disturbed mass with multi- =
faceted angular blocks formed by 4 or i
A more joint sets g
10cm 5
1000 o
40 S
X
3 BLOCKY/DISTURBED - folded 8
and/or faulted with angular blocks [

formed by many intersecting in Sem | 30 100
discontinuity sets

DISINTEGRATED — poorly inter-
locked, heavily broken rock mass with
mixture of angular and rounded rock

. pieces

lem 10/ 10

T FOLIATED/LAMINATED - folded
and tectonically sheared. Lack of

% blockiness due to schistosity

prevailing over other discontinuities

N/A N/A

10

0.
12 45 1.7 0.67 0.25 0.10
Joint conditions factor J.
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~t Shaft section ,\ 13 915
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Pile before displacement ~—— '
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Vertical "
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Pile after displacement
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~Layers - - Shaft Properties Layer 1 - 1
[ Mo Load
|| Modulus 100.0 i (MPa)
W sliding 28.0 i [deqg)
Wl shearing [deq]
~ | Cohesion pa
Poisson 0.25 e 1o |
Initial Normal ~ |0.100 e (MPa)
Seoment Height [mm]
Number '2_H Current |1 —‘i || seoment Length {mm]
-~ Pile Properties .| Layer Thickness [m]
Diameéter, 120 e m Pile Base Properties .
Modulus 30000.0 |45 (MPa) Elastic Modulus (MPa)
i Influence zone : Poisson's ratio
Load Transfer Parameter m Ultimate Stress |20.00 |-+ MPa)
i Diameter |0.90 [ (m)
U | E J ] Power Exponent |1.00 i
Reference 9024 [MPa/m]
Ultimate base 12.7 [MN)
Movemenl b at 141 [mm)
Pile SB-1 Load (tonne)
0 5 10 15 20 25 a0 35
0 Qe .
J oL
- P Seidel et al., 2002
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h M
N
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30 —o—Neasured response \
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y = 0.28x 0% Kulhawy et al., 2005
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Lower bound for 90% of the cases | 079

= Y502 IYNIA NDNRYN MINPDIN N8N
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o a = -0.85
y = 0.60x
6SI=50-100% : | RZ2=0.29
y = 0.37x9%
0.100 1 m 0.100 - %
b i Erm >1000MPa :
Erm = 500-1000MPQ A v=036x7%
6SI=17-50% : . . y = 0.46x7% A R=053
y = 0.17x°% $o8 R?-077
R? = 0.55 &AN
¢ | & Erm=0-500MPa A
¢ GSI = 0-50% B Erm =500-1000MPa g
B 6ST = 50-100% 3 C., MPa A Erm > 1000MPa Gci/ MPG
0010 -—— 0.010 e
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NN NN RQD = 0-25%
1 AN Ly | ul
9.190 © R \Zg\db d a 0.100 FRTNGS —F{y = 0.45x%7:R? = 0.50 =1
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O || o_|
8 2 §§ | RQD = 76-100% A *ﬂ
0.010 - %? 0010 fy = 032x"*R* = 064 gf A\
RQD = 51-100% RQD = 51-75%
y = 0.30x%4%;R? = 0.54 y = 0.40x%7% R? = 0.55
ORQD=0-25%  ORQD = 26 -50%
‘ ORQD=0-50% ARQD = 51 -100% ARQD:=51-75%  ARQD =76 -100%
0.001 T T \\\\H} T T | - 0001 T T e T T s
1.00 10.00 100.00 100000 100 10.00 100.00 1000.00
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ingwood, 2001)

(Seidel

posed upper

Ar, mm

Possible Upper Bound for RQD > 75%

15 \ /
10
| Proposed lower limit \; —
H Collingwood, 2001) T al., 1996)
5 -
N
0
0.10 10.00 100.00

GCi,MPO 0

RQD nyawn

MONIINOINWYIND NN .1

MTPN DOV .2

MTPN MNTPNN I8P .3

Upper Bound
(Seidel and Collingwood, 2001) ¢ RQD=0-25%
B RQD=25-50%

A RQD=50-75%
@ RQD=75-100%

A

@
Lower Bound
Seidel and Colli d, 2001
(Seidel and Collingwoo ) Gci: MPa
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N

1NN 1IN

ypr .1

YN NYN MIN MNPV MLV .
Y502 MNRVMYI HY NN B»HYI OINIMN
YV MNVMIVI NN MVIY

YpNRN MIVN .2

Tphn MYV .3

YR MRYIN NN NVYA NDNRYN IO NP ¢
D1NTAYI NONRYN NN DN ,NTayN MpPrT1a
DDA ,ROCKET mmwrn murvwa vinry

MPON 0IPY 4




NTAVN TN

: 2 729NN NY IPNN DV NIPONN PoNN

N

D»NTIYN NONYN NNPD) NN 5N .1
GONT IDIN DV AN .2

DY 212) XXIN NANIN TN YOO-1NVA YD YPWNN DV 1IN .3




89 92N 2V 23912 19N

YININD DTN YAD»T OV DY YOON NPIOND NTAYNI YN GINT 1IN DY DN NN

N

2N 11N 2 NVIDININI (P22 NOTIND NPONN) P2

. E Ip Oy O 1 Pary
GPa MPa MPa MPa % gr/cm?
9.6 +0.9 <
712 1102
0.23 4.27 £0.23 0.79 £0.12 1.15+0.13 198 | e "
70414 NON?D ¥20
33.01+0.6 X
712¥ 1102
0.22 15.62 +2.65 2.40+0.28 3.46 £0.53 2.05 . s
5t 7 mxon?2
0.17@ 7.5+ 0.9@ i - 27.6 +5.3@ 27-31% 1.90@ 'y R
0T
0.26® | 48.0+16.80 3.1+ 1.60 8.1+ 330 132 + 80.6% 2-220%W | 2.54W Mo
{212°WN MMWRT DA PRI ITTRY 2 NV DY NPVOENM PYnn MNon) Tsesarsky, 2004 - (2) Hatzor and Palchik, 1997 - (1)
Attard and According fo Attard and According To
7,MPa it 19?6 7,.MPa Setunge, 1996
15 5 -
r=227+0-tan 39.11° r=7.43+0-tan 41.55°
20
10
15
. 10 1 Pile's Concrete
5 |
o.,MPa o,MPa
0 5 10 15 20 25 0 5 10 15 20 25 30 35 40 45




DPYNN DY 291 11N

2102 117 )2 NVIDININI YIIMT DY HY YOON NPINY NTIYNI YNIA DIPWNRN YV 2300 1IN

' . f ol
— i t.“
la D\
Y )
Normal Loading Segment
Gn l (o Idealized
——
Upper ' v
o
Shear Box n ,
Shear Loading Segment
i i 1Gn T
P e Slhar Idealized Elasto
A Plastic Behavi
Sample - T B Tyt astic Behaviour
——1
—
T
u Gn|




N

MINSIN — O2XPYNN 2V 291 129N

Stiffness, MPa/mm (I) deg.
18 - I__________ancrefe - Concrete - 60
A (sawed inferface) I
18 & [

L - 45
JAN | il
124 Sy | H *

- AN - 30
A A I
61 a e |
le o.,——‘i"" @ ks -
| Ay

O ______________ | | | | | | O

0) 2 4 6




IMTP MHMAY — OINTAVNI NVNRYN TN

N

Benmokrane et al., 1994 Wang et al., 2005
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127 mm ! -
3.2 mm 51 mm { ! . _
AN . - 5 ;s
R\ W A n)bhso FIN 10 16 90177 25375
N A 3T \ ,""}/ " :
. i \.
[ 102 mm S
203 mm
254 mmI 4
57.4 mm
2 3
— 270 mm
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Synthetic Rock Mass

11111

11111

= t6em = = t6em = 4
| | | |
6¢ § 6cm J‘
2o | Pile soen | Pile §
10cm—=—
| soem |1 i
void 7 10cm ‘ oid Li
f f T
Intact Synthetic Rock Synthefic Rock Mass (greased joints)

150cm
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Load Frame
Press
, Load Cell LVDT sensor
Vishay Tedea-Huntleigh - Model 1
Deflectometers (Load Capacity 30 ton) E
74 _____ bracingrod e

strain gauges
Vishay C2A-06-250LW-350

%ﬁbmdngr‘odj
Pile ‘NI
Synthetic Rock Mass -

void
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t, kPa

3000 - B Tests 1-4 (90-0 joint orientation)
® Tests 5,6 (45-45 joint orientation)
] INTACT ROACK A A Test 7 (Infact Synthetic Rock)
] A A A Test 8 (90-0 joint orientation + grease)
2500 - .
i A A

Rock with
discontinuities

""\




0.40

0.30

Q 0.20
o

0.10

0.00 -

Q

GST or RMR

1 10 100 1000
1 1 Lol 1 1 Lol 1 1 [ R A |
--A-- 6ST —— Jpper Bound of 0, from in situ load test catalogue
--0 - RMR
-- .. .- Q
A G  H
1) o
. RMR 6SI Q Q q
Intact Synthetic Rock 87 82 800.0 118.8 0.277
N am 90-0 joint orientation 55 50 50.0 34 0.130
R : 45-45 joint orientation 40 35 50.0 0.6 0.086
e ]
a 90-0 joint orientation + grease 30 25 31 0.2 o.on
| _ g s __Lower Bound of o, fromin sity load test catalogue
T T T T T T T T T T T T T T T T T T T T T T T T 1
0 20 40 60 80 100
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Pressure Cell P ton

Pile A Pile B 7 PileC
WZ\F VUS R TR /'/ T TR A \\\

Separation Separation’ Separation \
Clay< 3.80 m 3.70 m ' 3.45m Clay
| \ l o |
1 V! Chalky  /

Chalky 2.00 m Marl

Chalky 4.00m Marl ¥
6.00 m > Marl Pressure Cell
Foamed Plastic 0:70 m
) ] 0.70 m \

] 0.70m “oh - Totd

o Measured
Rocket Base
(@]

400
300 ]

200 1

0.00 5.00 10.00 15.00 20.00 25.00
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1600 1, kPa Test 4 1000 t, kPa Test b
] (90-0 joint orientation) @ (45-45 joint orientation)
900
N 1400 0’
()
% R 800 Y/ o
1200 €]
® 700
1000 A [9) 600
@
800 500 @ e o
[
400
600
300
400
200
200 100
= Rocket ® Measured = Rocket @ Measured
Z, mm Z, mm
0¢ ————m LU A ———
0 5 10 15 20 0 10 15 20
t, kPa
t, kPa 120
3500 + Test 7 Test 8
(Intact Synthetic Rock) @ (90-0 joint orientation + grease)
)
[S) )
]
@
@
® Measured = Rocket @ Measured =——Rocket
Z, mm Z, mm
oe LA e s e s B e | 0 ¢-eo- T T T T T T — T — T
0 4 6 8 10 12 0 10 15 20
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distinct element - 7720 VIIORN NMVIY NNAYNN NPINYN NVIVY .1
method

TPXIIN DY TINVNIN — NP TININ DY MWD PINN DY NDDIIN .2
23N NYD DI NIONINIVIY

TAN DI WOIN NMIXIT 6 MYY2 , D> T2 DYDY DI DMINN DOXVINION .3
DY71721 2 M2 NNNN PRI NPTN PN .4
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120 ~

100 1

B 60 -
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o
40
20 1
] 4
0 O‘C' T T T T T T ', rrl\m
0 4 8 12 16 20 24
t, kPa t, kPa
2500 7 o Test 1 (Measured) 2500 7
i O Test 2 (Measured) 90-0 Joint Orientation ] © Test 5 (Measured) 45-45 Joint Orientation
1 <O Test 3 (Measured) O Test 6 (Measured)
: < Test 4 (Measured) ]
2000 A DDA 2000 -
] g0 = 0.1E, o744~/
T DDA
1500 n 1500 i gO = olEr«; ¢J:44°
i o .
i 0% P OO 08 0o
i < (@] o
1 B o@ © o ]
4 <o _
1000 ] o N . 1000 ]
) ‘ <o o
] ] o
500 - 500 - Q
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