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v I / ’ 7 2 Z(PI) axis of rotation Table 3225 EMPIRICAL EXPRESSIONS FOR ESTIMATING THE DEFORMATION MODULUS IN ISOTROPIC ROCK
\ | ‘| I e el MASSES
— S
Ve Z 19# r__| |-l—_| r¢ 7M. Criterion Application
| /, / /I // E=2 RMR - 100 (GPa) Good quality rock masses,
I -H_ 1 7M' -H_ 2 %ﬁz (Bieniawski, 1978) RMR>50-55
/ = oy NS ieniawski, >
// // // / // | e Z ! 5 IEI == Not valid for low quality rock
AN masses — Does not take laboratory data inte
/
////// / 4 / Yo E~-G~v  -E~v E= 10(RMR-10V40 (GPa) Fair-low quality rock masses, account
4 / 7 7 s‘t:;ii:tt(i’s:y/ - ll ns sn S st (Serafim & Pereira, 1983) 10<RMR<50 — £ does not depend on the values of
s 7 /s g // bedding Especially indicated for values g orE;
/s Vi
s - X () , 1< E<10 GPa
4 // // ~ - . plane of isotropy Too high values are obtained for
7 // Ve Wittke (2014) 1 low-very low quality rock masses
/ / DY [ .(GS-10)40 Indicated for weak or soft rock masses | — Eis a function of the value of g
’ // E=|1-= | 710 with low or very low quality (GSI<25)
/ 2 /Y100
// ) ) and intact rock with a;< 100 MPa
v (o in MPa; E in GPa) D (disturance factor) = 0 (undisturbed

Valid for GSI =20 to 80 — Properties of the intact rock are not
T < 2 E =100.000 __Ibf2 ; -
N N AT * = LI 12 ol75+250-GS/11 D = 0 (undisturbed rock mass) considered ) |
‘r e n Py SR Lyt s D = 1 (fully disturbed) — Recommended when reliable data |
NP RIS : . )
I e e e v Y SRR B4 T S (E in MPa) for the intact rock are not available |
/’1":‘\"/ IROED IR T (Hoek & Diederichs, 2006) |
PRSNGSR
/ BNz I r)’\ A% E=10Q/ 7 Indicated for jointed or fractured — Intact properties of the rock are /
/ e ‘\‘:*\_ (E in GPa) rock masses considered by means of a;
// SR AL ARSI (Barton, 1995, 2006)
E,. E; 7 E=10Vp-05)3 — Rock mass properties are //
3 V4 (Vi in kmy/s; E in GPa) considered (V, picks up density and
/ (Barton, 2006) strength)
E= Rock mass empirical static deformation modulus.
S/ k | static def odul
. / E;= Intact rock deformation modulus measured in laboratory.
Equ |'va|ent RMR = Rock Mass Rating.
continuous GSI = Geclogical strength index.
rock i 0 = Quality index.
Q.= Q-0,/100 (g,;in MPa).
iy o= Intact rock uniaxial compressive strength.
t= ¥ V= Pwave velocity.

(Hoek et al., 2002)

rock mass) to 1 (fully disturbed)

— These comelations have not yet been sufficiently verified.

— They give approximate, merely indicative values.

— In general, they overestimate the value of the rock mass deformation modulus.
— They do not take the possible anisotropic nature of the in situ deformation modulus into account.
- For the rock mass, a range of values is recommended between 0.4E and 1.6E.
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Fig. 9. Comparison of post failure specimens obtained from Boryeong shale laboratory tests (from [2], top) and bonded-particle DEM modeling (bottom). After (a) uniaxial 0

compressive strength tests and (b) Brazilian tensile strength tests. (For interpretation of references to color in this figure, the reader is referred to the web version of this article.) //
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Fig. 7. Comparison of elastic modulus, uniaxial compressive strength and Brazilian tensile strength from laboratory tests (symbol), and those from bonded- partlcle DEM
modeling (line). (a) Asan gneiss, (b) Boryeong shale, and (c) Yeoncheon schist.
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f\ N N ' Calculation of deformability parameters of rock
N

\\\\ AN 2l 12. (a) For any segment of the pressure displacement
- o \I 3 diagram (e.g. Fig. 7) and in rock with widely spaced
S b PEﬁ joints [see 12(b) below], the corresponding secant dilato-
V) 7 /" /gp/ metric modulus £, may be calculated as follows:

| / /

N AP Ap,

) . A where: E,=(1+ vR)DAD (MPa)

vy ’ /.

I / // / / IS Ap; = pressure increment within the considered seg-

,l ,' Iy / / ment (MPa);
N i / AD = corresponding average change in drillhole
Iy / ponding g
s )/ / diameter D (m);
i S ) pd / vg = Poisson’s ratio of the rock mass.
/
// // // /
7 // // 1Cr o P uD ——r—
/ el TCYCR | down --e--
// //
4 nd i =2
// 2 LYEs L down
d )
8 39 ¢yeie |

» Jown

Pressure {MPa)

(b) If the test is performed in cracked rock, and if p,

B exceeds about twice the average ground pressure p,
¥ around the drillhole, all existing radial cracks will open,
@] and the equation of paragraph 12(a) is to be replaced by:

p Pi . Pi
B Ed=DE(1+wR)[(1—vR)ln (-i;;)—i-l](MPa)

where:

= p; = applied pressure (MPa), and
e AD = average increase of drillhole diameter (m),
e when pressure increases from zero to p;.

Fig. 7. Pressure—dilation curves, showing separate curves for each of four dilation-measuring transducers mounted in the sa
probe (LNEC dilatometer, (2, 207).
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BT A FEA(Finite Element Analysis)

;11 7

+ﬁ5§75%/£FEM Finite Element Method), #0Abaqus, Plaxis, RS2, RS3..
; +ﬁ|3F< 73, AFDM(Finite Difference Method), #IFLAC
1= 5 70 2 )2BEM(Boundary Element Method) :
+%&%&ﬁ%E£DEM(Distinct Element Method), #1UDEC, PFC2D, PFC3D... |
+ NGB B E 2 2 HTDDA(Discontinuous Deformation Analysis)
+ A7 5 Mesh-free method /:,;j?
SRS RS2 947)%Hybrid method /
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