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Study on Numerical Analysis of Estimating Elastic Modulus in
Rockmass with a Consideration of Rock and Joint Characteristcs

ABSTRACT : Elastic modulus in rockmass is an important factor to represent the characteristic of rock deformation and is
frequently used to estimate the displacement induced due to tunnel excavation or other activities in rockmass. Nevertheless, the
study to estimate the elastic modulus, which considers the rock type and joint characteristics (joint shear strength and joint
inclination angle), has been done in less frequency. Accordingly, this study is aimed at estimating of elastic modulus in jointed
rockmass. For this purpose, numerical parametric studies have been carried out with a consideration of rock and joint
conditions. Tunnel displacement results have been used to estimate the elastic modulus of jointed rockmass using the elastic
theory of circular tunnel. From this study, the results would be expected to have a great practical use for estimating the
displacement induced due to tunnel excavation or other activities in jointed rockmass.
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Fig. 1. Examples of direct field measurement (Palmstrom and Singh, 2001)

Table 1. Empirical expressions for estimating the elastic modulus of rock mass

Previous studies Empirical equations Constraints
Bieniawski (1978) £, =2RMR - 100 RMR > 50
Serafim and Pereira (1983) B, =108 1000 RMR <50
Grimstad and Barton (1993) E,=25 logio Q Q>1

Clerici (]993) E;n: E;“slal ><E;n dlm/E‘r dyn RMi>0.1
Palmstrom (1996) » =5.6 RMi"?” RMi > 0.1
Hoek and Brown (1998) ;= ,/% s 10/(G57-10)/40] ,<100 MPa
Bieniawski (1989) E =FE- f(RQD)

£, =Modulus of deformation of rock mass(in GPa), £=Modulus of deformation of rock, o,=Uniaxial compressive strength(in MPa),

RMi = Rock Mass index, GSI = Geological Strength Index,

rslal

of intact rock, %, , .
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= Static elasticity modulus of intact rock, £

i 4yn = Dynamic elasticity modulus

= Dynamic in situ deformation modulus, f(RQD) = coefficient depending on RQD
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Fig. 2. Boundary condition at A = 1 (in case of joint angle=30°)
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Table 2. Properties of rocks and joints in the numerical analysis
Rock Joint :
Rock . N Joint Joint angle
E joint shearing ¢ Iy I ?, k, k, set
type v . . 1S (o)
(MPa) condition(JSC) | (MPa)| (°) |(MPa)| (°) | (MPa/m) | (MPam) | (Set)
1.0 X 10° | 02 JSC 1 50 50 | 75 | 35 [233X10° | 096 X 10°
; " - 1 0, 15, 30, 45, 60, 90
Hard 1.0 < 10° | 02 JSC 2 30 | 40 6 32 1233 X 10*| 095 X 10
rock 1.0 X 10° | 0.2 ISC 3 10 35 | 1.5 |31.5]233X10° | 093 X 10° 5 | (0. 90), (15, 163), (30, 150),
1.0 X 10° | 02 JSC 4 1 30 | 01 | 30 | 233X 10*| 092 X 10° (45, 135), (60, 120), (90, 0)
1.0 X 10* | 0.22 JSC 2 30 40 6 32 233 10" 095 < 10" | 1 0, 15, 30, 45, 60, 90
Soft 4 5 S
rock 1.0 < 10" | 0.22 JSC 3 10 | 35 | 1.5 |31.5(233%10°|0.93 X 10 , |09, 45,16, G0, 150)
1.0 < 10* | 0.22 ISC 4 1 30 | 0.1 | 30 | 233X 107|092 X 10° (45, 135), (60, 120), (90, 0)
1.0 X 10° | 0.25 JSC 3 10 | 35 | 1.5 |31.5(233x10°|093x10°| 1 0, 15, 30, 45, 60, 90
Weathered (0, 90), (15, 165), (30, 150)
5, 165 5
rock 3 bl > 5 s , A , A
1.0 X 10° | 0.25 ISC 4 1 30 | 01 | 30 |233X10°|092X10°| 2 (45, 135), (60, 120), (%0, 0)
Highly 1 0, 15, 30, 45, 60, 90
weathered | 1.0 X 10> | 0.3 ISC 4 1 30 | 01 | 30 | 233X 107|092 X 10° 5 | © 90, (15, 165, (30, 150,
rock (45, 135), (60, 120), (90, 0)

E, = Elastic modulus of intact rock; v=Poisson’s ratio; c=Joint cohesion;

friction angle;
k,=Joint normal stiffness; & =Joint shear stiffness

¢=loint friction angle; cr=Joint residual cohesion; ¢, =Joint residual

-

joint angle 0° joint angle 15° joint angle 30°

joint angle 45° joint angle 60° joint angle 90°

Joint modelling of one direction joint set (JSet 1)
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Table 3. Comparison of displacements between theoretical equation and numerical analysis

Elastic modulus Displacement calculated from Displacement resulted from
Rock sort . . . .
(MPa) theoretical equations (mm) numerical analysis (mm)
Hard rock 1.0 X 10° 0.0281 0.0286
Soft rock 1.0 x 10 0.2855 0.2866
Weathered rock 1.0 X 10° 2.9250 2.9290
Highly weathered rock 1.0 X 10° 30.420 30.460
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joint and number of joint set conditions (Em: elastic modulus of
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