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ABSTRACT 

A comprehensive approach is presented for the analyses of both cylindrical and spherical cavity 

expansion in an infinite elastic – brittle plastic rock mass. The rock mass obeys the nonlinear 

generalized “Hoek – Brown” (H-B) failure criterion which is expressed in a scaled form. A 

plastic flow rule characterized by a constant dilatancy angle 𝜓 is adopted. Closed form solutions 

are presented for the extent of the plastic region and the distribution of radial and 

circumferential stresses. For displacement field, solutions in the plastic region are developed 

based on small strain theory. Finally, the solutions are validated using finite element method. 

Keywords: Hoek – Brown Failure Criterion, Cylindrical and Spherical Cavity Expansion, 

Elastic – Brittle Plastic Post Failure, Small Strain Theory. 

 

1. INTRODUCTION 

The cavity expansion theory has been widely used to solve many problems in geotechnical 

engineering such as interpretation of in-situ tests, predicting the end bearing and shaft capacity 

of driven piles. Moreover, an important class of civil engineering problems deals with cavities 

in rock masses and most practical applications still consider rock as a soil and predict their 

behavior by using soil-related failure criteria such as the linear Mohr-Coulomb (M-C) criterion. 

Furthermore, extensive literature  [1] is available on cavity analysis in a medium consisting of 

M-C material. However, the non-linear Hoek-Brown (H-B) [2] failure criterion more rigously 

represents rock mass behavior. Since its introduction in 1980’s, this criterion has been mostly 

used in cavity contraction analyses for tunneling applications. In this light, Brown et al. [3] 

presented a closed form solution for the cavity unloading problem in an elastic – brittle plastic 

material as well as an elastic strain softening plastic material obeying the 1980 H-B failure 

criterion version [4]. Carranza-Torres and Fairhurst [5] studied also the elasto-plastic response 

of underground excavation in rock masses obeying the 1997 H-B failure criterion version [6] 

in which the excavation process is treated as a uniform reduction of internal pressure in 

symmetrically loaded cylindrical and spherical cavities. In addition to the published closed form 

expressions, they provided a dimensional graphical representation of their solutions that allows 

direct estimates of the response of excavations. 

However, to the authors’ knowledge, not much has been published for cavity expansion 

problem in a material obeying the H-B failure criterion. In this paper, both cylindrical and 

spherical cavities in elastic – brittle plastic H-B material are considered. To simplify the 

governing equations of the problem, the generalized H-B failure criterion expression [2] is used 
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in a “scaled”/non-dimensional form. The use of this scaled form leads to considerable 

simplification in analyzing the elasto-brittle plastic response of the rock. 

This paper starts with a brief recall of the generalized H-B failure criterion and the adopted 

normalization method. Then, analytical solutions are derived and validated by Finite Element 

Method (FEM). 

 

2. H-B FAILURE CRITERION  

The H-B failure criterion [2] is an empirical criterion developed through curve-fitting of triaxial 

test data. This criterion assumes isotropic rock and should only be applied to rock masses in 

which there is a sufficient number of closely spaced discontinuities. In other worlds, the H-B 

failure criterion is valid for intact rocks or heavily jointed rock masses (i.e. sufficient dense and 

randomly distributed joints). The latest version of the H-B criterion [2] is defined by: 

𝜎1
′ = 𝜎3

′ + 𝜎𝑐𝑖(𝑚𝑏𝜎3
′/𝜎𝑐𝑖 + 𝑠)𝑎 (1) 

here 𝜎1
′ and 𝜎3

′  denote, respectively, the major and the minor principal stresses at failure. 𝜎𝑐𝑖 is 

the uniaxial compressive strength of the intact rock. The parameters 𝑚𝑏, 𝑠 and 𝑎 describe the 

rock mass characteristics and depend on the Geotechnical Strength Index 𝐺𝑆𝐼, the disturbance 

factor 𝐷 and the the intact frictional strength component 𝑚𝑖. They are calculated as: 

𝑚𝑏/𝑚𝑖 = 𝑒(
𝐺𝑆𝐼−100
28−14𝐷

);  𝑠 = 𝑒(
𝐺𝑆𝐼−100

9−3𝐷
);  𝑎 = 0.5 + (𝑒(−

𝐺𝑆𝐼
15

) − 𝑒(−
20
3

)) /6,   (2) 

The H-B failure criterion expression (Eq. (1)) defines a relationship between minor and major 

principal stresses depending on four independent parameters, which can be reducing to a single 

one using a “scaled” form of the criterion. The suggested transformation involves dividing Eq. 

(1) by (𝜎𝑐𝑖𝑚𝑏
𝛽

) and adding the term (𝑠/𝑚𝑏
𝛽/𝑎

) to both sides. With these manipulations, the H-

B failure criterion expression becomes: 

𝜎1
′/(𝜎𝑐𝑖𝑚𝑏

𝛽
)  + 𝑠/𝑚𝑏

𝛽/𝑎
= 𝜎3

′/(𝜎𝑐𝑖𝑚𝑏
𝛽

) + 𝑠/𝑚𝑏
𝛽/𝑎

+ (𝜎3
′/(𝜎𝑐𝑖𝑚𝑏

𝛽
) + 𝑠/𝑚𝑏

𝛽/𝑎
)

𝑎
;  𝛽 =

𝑎

1 − 𝑎
 (3) 

Thus, the scaled (non-dimensional) minor and major principal stresses are defined naturally as, 

𝜎𝑗
∗ = 𝜎𝑗

′/(𝜎𝑐𝑖𝑚𝑏
𝛽

) + 𝑠/𝑚𝑏
𝛽/𝑎

 ;                   𝑗 = {1,3} (4) 

From now on, normalized stresses will have an asterisk as superscript. For sake of brevity, the 

term “scaled” will be mostly dropped when referring to a scaled variable unless stated 

otherwise. When expressed in terms of 𝜎1
∗ and 𝜎3

∗, the H-B failure criterion permits a simplified 

and normalized treatment of the rock mass failure condition. Thanks to such a scaling, the H-B 

failure criterion is formally simplified as follows: 

𝜎1
∗ = 𝜎3

∗ + (𝜎3
∗)𝑎 (5) 

 

3. PROBLEM STATEMENT 

Both cylindrical and spherical cavities in elastic-brittle-plastic H-B material are considered. The 

geometry of the problem and the boundary conditions are as shown in Figure 1. Let 𝑟𝑖 be the 

internal radius of the cavity and 𝑃0 the far field radial pressure. Let 𝑃𝑖 be the internal pressure 

applied on cavity wall that increases monotonically from its initial value 𝑃0. As the internal 

pressure 𝑃𝑖 increases, the rock mass will initially behave in an elastic manner, until reaching a 

yield pressure 𝑃𝑦. When the internal pressure 𝑃𝑖 exceeds 𝑃𝑦, a plastic region will start spreading 
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from 𝑟𝑖 to the “plastic” radius 𝑟𝑝. The remainder of the domain (𝑟 ≥ 𝑟𝑝) belongs to the elastic 

region.  

 
 

(𝑎) Cylindrical cavity (𝑏) Spherical cavity 

Figure 1: Geometry of the problem and boundary conditions  

It should be emphasized that as soon as the materials yields, the peak strength parameters 𝑚𝑏
𝑝𝑒𝑎𝑘

 

and 𝑠𝑝𝑒𝑎𝑘 and the peak deformation modulus 𝐸𝑝𝑒𝑎𝑘 drop to residual strength parameters 𝑚𝑏
𝑟𝑒𝑠 

and 𝑠𝑟𝑒𝑠and residual deformation modulus 𝐸𝑟𝑒𝑠. Therefore, two cases can be distinguished: 

 If residual strength parameters are equal to the peak parameters, then we are defining 

an "ideally" elastic-plastic material (cf. Figure 2). 

 If not, Hoek [7] said that they, rock engineering community, do not have good models 

to describe this post failure behavior but he suggested two post failure: Elastic-brittle 

(cf. Figure 2) and strain softening as a starting point. The latter one is beyond the scope 

of this paper. 

To ensure that closed form solution can be obtained, it is necessary to further assume that after 

yield, the strength of rock drops suddenly to its residual values. Note that the disturbance factor 

𝐷 can be used to achieve a strength and modulus reduction after failure. It is found that 𝐷 =
0.7 is appropriate in most cases [7]. In what follows, only brittle plastic post failure is 

considered. The perfectly plastic model is simply a limiting case of the brittle one. 

The analytical study described hereinafter is conducted based on the scaled form of the H-B 

failure criterion and pressures and stresses are scaled using residual strength parameters 

reflected by ‘𝑟𝑒𝑠’ as a superscript. On the other hand, the equation of equilibrium for the cavity 

problem is expressed in terms of radial and circumferential stresses (scaled) as: 

𝑑𝜎𝑟
∗𝑟𝑒𝑠/𝑑𝑟 + 𝑘(𝜎𝑟

∗𝑟𝑒𝑠 − 𝜎𝜃
∗𝑟𝑒𝑠

)/𝑟 = 0  (6) 

here 𝑘 is a coefficient equal to 1 in case of a cylindrical cavity and it is equal to 2 in case of a 

spherical one. Note that major and minor principal stresses are assumed to be equal to radial 

and circumferential stresses, respectively, i.e. 𝜎1 = 𝜎𝑟 and 𝜎3 = 𝜎𝜃. 

 

4. STRESS AND DIPLACEMENT FIELD – ANALYTICAL SOLUTION 

When the internal pressure 𝑃𝑖 exceeds 𝑃𝑦, a plastic region starts spreading from 𝑟𝑖 to the plastic 

radius 𝑟𝑝. The remainder of the domain (𝑟 ≥ 𝑟𝑝) belongs to the elastic region. The latter is first 

studied before investigating the plastic region but firstly, the yield pressure expression is 

provided hereinafter. 
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4.1. Yield Pressure  

When the internal pressure 𝑃𝑖 applied on the cavity wall reaches the yield pressure 𝑃𝑦, the stress 

of the rock mass at cavity face will satisfy the failure criterion expressed as a function of the 

peak strength parameters. Thus, the net yield pressure ∆𝑃𝑦
∗𝑝𝑒𝑎𝑘

= (𝑃𝑦
∗𝑝𝑒𝑎𝑘

− 𝑃0
∗𝑝𝑒𝑎𝑘

) should 

satisfy the following equation: 

∆𝑃𝑦
∗𝑝𝑒𝑎𝑘

= −∆𝑃𝑦
∗𝑝𝑒𝑎𝑘

/𝑘 + [𝑃0
∗𝑝𝑒𝑎𝑘

− ∆𝑃𝑦
∗𝑝𝑒𝑎𝑘

/𝑘]
𝑎

 (7) 

The superscript ‘𝑝𝑒𝑎𝑘’ in the above equation means that pressures are scaled using peak 

strength parameters 𝑚𝑏
𝑝𝑒𝑎𝑘

 and 𝑠𝑝𝑒𝑎𝑘. The yield pressure depends only on the far field pressure 

𝑃0
∗𝑝𝑒𝑎𝑘

 and the exponent 𝑎. The above equation provides an explicit solution when 𝑎 = 0.5:  

∆𝑃𝑦 |𝑎=0.5
∗𝑝𝑒𝑎𝑘

= 𝑘 (√4𝑃0
∗𝑝𝑒𝑎𝑘

(𝑘 + 1)2 + 1 − 1) /(2(𝑘 + 1)2) (8) 

When 𝑎 ≠ 0.5, there is no explicit solution and Eq. (7) should be solved numerically. The 

evolution of 𝑃𝑦
∗𝑝𝑒𝑎𝑘

 as a function of 𝑃0
∗𝑝𝑒𝑎𝑘

 is plotted in Figure 3. As can be seen, when 𝑃0
∗𝑝𝑒𝑎𝑘

→

0, 𝑃𝑦
∗𝑝𝑒𝑎𝑘

 approaches 2𝑃0
∗𝑝𝑒𝑎𝑘

 for cylindrical cavity and approaches 3𝑃0
∗𝑝𝑒𝑎𝑘

 for the spherical 

one. Secondly, the yield pressure is relatively constant when 𝐺𝑆𝐼 > 30 since the exponent 𝑎 ≅
0.5. Since the governing equations of the problem are scaled using residual strength parameters, 

the following relationship relating 𝑃𝑦
∗𝑟𝑒𝑠

to 𝑃𝑦
∗𝑝𝑒𝑎𝑘

 should be used once 𝑃𝑦
∗𝑝𝑒𝑎𝑘

 is found per Eq.(7) 

𝑃𝑦
∗𝑟𝑒𝑠 = (𝑚𝑏

𝑝𝑒𝑎𝑘/𝑚𝑏
𝑟𝑒𝑠)

𝛽
𝑃𝑦

∗𝑝𝑒𝑎𝑘 + (𝑚𝑏
𝑟𝑒𝑠)−𝛽(𝑠𝑟𝑒𝑠/𝑚𝑏

𝑟𝑒𝑠 − 𝑠𝑝𝑒𝑎𝑘/𝑚𝑏
𝑝𝑒𝑎𝑘) (9) 

 

 

Figure 2: Perfectly plastic and brittle 

plastic post failure. 

 
Figure 3 Scaled yield pressure. 

 

 

4.2. Elastic Region (𝒓 ≥ 𝒓𝒑)  

Since the solution for this region is well known, only, main results are presented hereinafter. 

By considering the boundary conditions 𝜎𝑟
∗𝑟𝑒𝑠

(𝑟 = 𝑟𝑝) = 𝑃𝑦
∗𝑟𝑒𝑠

and 𝜎𝑟
∗𝑟𝑒𝑠

(𝑟 = ∞) = 𝑃0
∗𝑟𝑒𝑠

, 

radial and circumferential stresses are expressed as: 

Strain  

S
tr

es
s 
 

Linear

elastic

Perfectly plastic

Brittle plastic
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𝜎𝑟
∗𝑟𝑒𝑠

− 𝑃0
∗𝑟𝑒𝑠

= −𝑘(𝜎𝜃
∗𝑟𝑒𝑠

− 𝑃0
∗𝑟𝑒𝑠

) = (𝑃𝑦
∗𝑟𝑒𝑠

− 𝑃0
∗𝑟𝑒𝑠

)(𝑟𝑝/𝑟)
𝑘+1

 (10) 

On the other hand, total strains are written as functions of elastic and plastic strains as follows: 

𝜀𝑟 = 𝜀𝑟
𝑒 + 𝜀𝑟

𝑝        ;       𝜀𝜃 = 𝜀𝜃
𝑒 + 𝜀𝜃

𝑝
 (11) 

where 𝜀𝑟
𝑝
 and 𝜀𝜃

𝑝
 denote, respectively, the radial and the circumferential plastic strains. They 

will be evaluated in the next subsection whereas 𝜀𝑟
𝑒 and 𝜀𝜃

𝑒 are, respectively, the radial and the 

circumferential elastic strains given as: 

𝜀𝑟
𝑒 = ((1 + 𝜈(𝑘 − 2))(𝜎𝑟

∗𝑟𝑒𝑠
− 𝑃0

∗𝑟𝑒𝑠
) − 𝑘𝜈(𝜎𝜃

∗𝑟𝑒𝑠
− 𝑃0

∗𝑟𝑒𝑠
)) /(2𝐼𝑟(1 + 𝜈)𝑘−1)    (12) 

𝜀𝜃
𝑒 = ((1 − 𝜈)(𝜎𝜃

∗𝑟𝑒𝑠
− 𝑃0

∗𝑟𝑒𝑠
) − 𝜈(𝜎𝑟

∗𝑟𝑒𝑠
− 𝑃0

∗𝑟𝑒𝑠
)) /(2𝐼𝑟(1 + 𝜈)𝑘−1) (13) 

in which, 𝜈 is the Poisson’s ratio. 𝐼𝑟 is the rigidity index of the rock mass and it is expressed 

according to the region state. When the elastic region prevails which is the case here, 𝐼𝑟 is 

expressed as a function of the peak shear modulus as 𝐼𝑟 = 𝐺𝑝𝑒𝑎𝑘/(𝜎𝑐𝑖(𝑚𝑏
𝑟𝑒𝑠)𝛽)  

by substituting Eqs. (10) into Eqs. (12) and (13) and by taking into account that infinitesimal 

strain can be written in terms of radial displacement 𝑢 as 𝜀𝑟 = −
𝑑𝑢

𝑑𝑟
 and 𝜀𝜃 = −

𝑢

𝑟
, the radial 

displacement can be evaluated as: 

𝑢 = 𝑢𝐸𝑃𝐵(𝑟𝑝/𝑟)
𝑘

     ;     𝑢𝐸𝑃𝐵 = 𝑟𝑝(𝑃𝑦
∗𝑟𝑒𝑠

− 𝑃0
∗𝑟𝑒𝑠

)/(2k𝐼𝑟) (14) 

here 𝑢𝐸𝑃𝐵 is the radial displacement at the Elastic – Plastic Boundary (EPB). 

4.3. Plastic Region (𝒓𝒊 ≤ 𝒓 ≤ 𝒓𝒑)  

In this section, analytical solution for the extent of the plastic region and the related stresses 

and displacement fields are investigated. 

4.3.1. Stress field 

Substituting the scaled H-B failure criterion expression (Eq. (5)) in the equilibrum equations 

(Eq. (6)) results in the following differential equation of the circumferential stress: 

𝑑𝜎𝜃
∗𝑟𝑒𝑠

/𝑑𝑟 + 𝑑(𝜎𝜃
∗𝑟𝑒𝑠

)
𝑎

/𝑑𝑟 + 𝑘(𝜎𝜃
∗𝑟𝑒𝑠

)
𝑎

/𝑟 = 0  (15) 

The general solution of the above first-order nonlinear differential equation can be written as: 

𝜎𝜃
∗𝑟𝑒𝑠

(𝑟) = [𝑎𝑊0 (𝐶1𝑟
−

𝑘
𝛽)]

𝛽/𝑎

 (16) 

where 𝐶1 𝑖s a constant. 𝑊0 is the 0th branch of the Lambert 𝑊-function (Omega function). 

Lambert 𝑊-function is the solution of the equation 𝑥 = 𝑊(𝑥)𝑒𝑊(𝑥). To simplify the 

expressions, the change of variable 𝑅 = 𝐶1 𝑟
−

𝑘

𝛽 will be used which allow the circumferential 

stress and radial stress (Eq. (5)) to be reduced to  

𝜎𝑟
∗𝑟𝑒𝑠

(𝑅) = [𝑎𝑊0(𝑅)]𝛽/𝑎 + [𝑎𝑊0(𝑅)]𝛽   ;     𝜎𝜃
∗𝑟𝑒𝑠

(𝑅) = [𝑎𝑊0(𝑅)]𝛽/𝑎 (17) 

Based on the hypothesis of the continuous radial stress at the (EPB) and knowing that an internal 

pressure 𝑃𝑖
∗𝑟𝑒𝑠

 is exerted at the cavity wall, i.e., 

𝑃𝑦
∗𝑟𝑒𝑠

= [𝑎𝑊0(𝑅𝑝)]
𝛽/𝑎

+ [𝑎𝑊0(𝑅𝑝)]
𝛽

 ;  𝑃𝑖
∗𝑟𝑒𝑠

= [𝑎𝑊0(𝑅𝑖)]𝛽/𝑎 + [𝑎𝑊0(𝑅𝑖)]𝛽 (18) 
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the plastic radius 𝑟𝑝 can be calculated once Eqs. (18) is solved for  𝑅𝑝 = 𝐶1 𝑟𝑝

−
𝑘

𝛽
 and  𝑅𝑖 =

𝐶1𝑟
𝑖

−
𝑘

𝛽
. Thus, the normalized  plastic radius  is simply evaluated as 𝑟𝑝/𝑟𝑖 = (𝑅𝑖/𝑅𝑝)

𝛽

𝑘 .  

When 𝑎 = 0.5, a closed form solution of the plastic radius can be provided as: 

(𝑟𝑝/𝑟𝑖)
𝑎=0.5

= ((√4𝑃𝑖
∗𝑟𝑒𝑠

+ 1 − 1) 𝑒
√4𝑃𝑖

∗𝑟𝑒𝑠
+1−1

)

1
𝑘

((√4𝑃𝑦 |𝑎=0.5

∗𝑟𝑒𝑠
+ 1 − 1) 𝑒

√4𝑃𝑦 |𝑎=0.5
∗𝑟𝑒𝑠

+1−1
)

−
1
𝑘

  (19) 

When 𝑎 ≠ 0.5, there is no closed form solution for the plastic radius and Eqs. (18) should be 

solved numerically.  

The distrubtion of radial and circumferential stresses are shown in Figure 4 for both cylindrical 

and spherical cavities. As can be seen, a discontinuty due to the brittle charachter is evidenced 

for the circumferential stress. 

  

Figure 4: Distribution of radial and circumferential stresses and displacement for both 

cylindrical and spherical cavities in a H-B material with 𝜎𝑐𝑖 = 35 [𝑀𝑃𝑎], 𝐺𝑆𝐼 = 80, 𝑚𝑖 =

4,𝑃0 = 0, 𝑀𝑅 =
𝐸𝑖

𝜎𝑐𝑖
= 250, 𝜈 = 0.3 and 𝜓 = 0° 

 

4.3.2. Displacement field 

To determine the displacement field in the plastic zone, a plastic flow rule is needed. Thus, a 

non-associated flow rule with a constant dilatancy angle 𝜓 is adopted as 

𝜀𝑟
𝑝 + 𝑘𝜔𝜀𝜃

𝑝 = 0     ;     𝜔 =
1 − sin(𝜓)

1 + sin(𝜓)
 (20) 

which can be further expressed per Eqs. (11) as: 

𝜀𝑟 + 𝑘𝜔𝜀𝜃 = 𝜀𝑟
𝑒 + 𝑘𝜔𝜀𝜃

𝑒 (21) 

On the other hand, infinitesimal strains are expressed in terms of radial displacement 𝑢 as 

follows: 

𝜀𝑟 = −𝑑𝑢/𝑑𝑟    ;         𝜀𝜃 = −𝑢/r (22) 
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Substituting the above equations into Eq. (21) combined with Eqs. (12) and (13) results in the 

following differential equation of the radial displacement: 

𝑑𝑢

𝑑𝑟
+ 𝑘𝜔

𝑢

𝑟
+ 𝐷1(𝜎𝜃

∗𝑟𝑒𝑠
− 𝑃0

∗𝑟𝑒𝑠
) + 𝐷2(𝜎𝜃

∗𝑟𝑒𝑠
)

𝑎
= 0  (23) 

where 𝐷1 and 𝐷2 are two dimensionless coefficients defined respectively as 
(1+𝑘𝜔)(1−2𝜈)

2𝐼𝑟(1+𝜈)𝑘−1  and 

(1+𝜈(𝑘−2)−𝜈𝑘𝜔 )

2𝐼𝑟(1+𝜈)𝑘−1
. It is important to mention that the rigidity index is expressed this time as a 

function of the residual shear modulus as 𝐼𝑟 = 𝐺𝑟𝑒𝑠/(𝜎𝑐𝑖(𝑚𝑏
𝑟𝑒𝑠)𝛽). Knowing the displacement 

at the (EPB), the solution of the above differential equation is expressed as: 

𝑢(𝑟) = 𝑟−𝑘𝜔 [𝑢𝐸𝑃𝐵𝑟𝑝
𝑘𝜔 + ∫ 𝜌𝑘𝜔(𝐷1(𝜎𝜃

∗ − 𝑃0
∗) + 𝐷2(𝜎𝜃

∗)𝑎) 𝑑𝜌
𝑟𝑝

𝑟

] 
 

(24) 

Figure 4 shows the evolution of 𝑢(𝑟) for both cylindrical and spherical cavities.  

 

5. VALIDATION 

Using the finite element software RS² 9 Modeler [8], a finite element analysis is conducted to 

validate the analytical results. The geometry of the models as well as the selected boundary 

conditions for both cylindrical and spherical cavities are as shown in Figure 5. A plane strain 

conditions are assumed for the cylindrical cavity with an internal radius of 1𝑚 and default 

external boundary set as infinite. On the other hand, a spherical cavity with an internal radius 

𝑟𝑖 = 0.1 𝑚 is modeled with a rock domain broad enough (120𝑟𝑖 × 240𝑟𝑖) to prevent boundary 

effect. The spherical cavity is located at a depth of 12m.  

 
 

(𝑎) Cylindrical cavity (𝑏) Spherical cavity 

Figure 5: Geometry and boundary conditions of the problem  

 

A distributed load normal to the cylindrical and the spherical cavity cluster of 5 [𝑀𝑃𝑎] and 

10 [𝑀𝑃𝑎], respectively is prescribed. İt should be emphasized that the spherical cavity 
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expansion is a relatively hard boundary value problem which consumes a significant amount of 

computational power when solved using the finite element method.  

The rock mass in the FEM model has properties similar to that of an undisturbed claystone  

(𝐷 = 0) with: 𝜎𝑐𝑖 = 35 [MPa], 𝑚𝑖 = 4 and 𝑀𝑅 = 𝐸𝑖/𝜎𝑐𝑖 = 250 and 𝐺𝑆𝐼 = 80. The peak and 

residual deformation modulus are evaluated based on H-B core parameters as 7703 [𝑀𝑃𝑎] and 

4715 [𝑀𝑃𝑎], respectively. These values can be simply estimated from the software library [8]. 

Since the Poisson’s ratio 𝜈 does not usually affect rock behavior in a significant manner, a 

standard value equals to 0.3 is used. Note that the dilatancy angle 𝜓 as well as the far field 

pressure 𝑃0 are set equal to zero. As shown in Figure 4, analytical solutions are in excellent 

agreement with the FEM predictions emphasizing the accuracy of the developed solutions. 

 

6. CONCLUSION 

The expansion of cylindrical and spherical cavities in an infinite medium consisting of an elastic 

– brittle plastic Hoek-Brown material is investigated. The use of a scaled form of the H-B failure 

criterion leads to considerable simplifications in defining the elastoplastic response of the rock 

mass. Analytical expressions are obtained for the stress and displacement field. Although the 

solutions require some numerical integrations over the plastic region, they have the advantage 

of being highly robust considerably in comparison with other numerical techniques such as the 

finite element method. The analytical expressions were validated employing the finite element 

method. 

 

ACKNOWLEDGEMENTS 

The financial support offered by the Belgian Member Society of the ISSMGE (BGGG-GBMS) 

to the first author is gracefully acknowledged. 

 

REFERENCES 

[1]H.-S. Yu., 2000. “Elastic-perfectly plastic solutions,” in Cavity Expansion Methods in 

Geomechanics, Dordrecht: Springer Netherlands, pp. 32–94. 

[2]Hoek, E., Carranza, C., Corkum B., 2002. “Hoek-brown failure criterion – 2002 edition,” Narms-

Tac, vol. 1, pp. 267–273. 

[3]Brown E.T., Bray J.W., Ladanyi, B., Hoek E., 1983. “Ground Response Curves for Rock Tunnels” J. 

Geotech. Eng., 109(1): 15–39. 

[4]Hoek, E., Brown, E., 1980. “Empirical strength criterion for rock masses,” J. Geotech. Engng Div., 

ASCE, 106(GT9):1013–1035. 

[5]Carranza-Torres, C., Fairhurst, C., 1999. “The elasto-plastic response of underground excavations in 

rock masses that satisfy the Hoek-Brown failure criterion” Int. J. Rock Mech. Min. Sci., 36(6):777–809. 

[6]Hoek, E., Brown, E.T.T., 1997. “Practical estimates of rock mass strength”, Int. J. Rock Mech. Min. 

Sci., 34(8): 1165–1186. 

[7]Hoek, E., 2006.“How do I estimate the residual value of the parameter mi ?” Available online: 

https://support.rocscience.com/hc/en-us/articles/206734737-For-plastic-analysis-how-do-I-estimate-

the-residual-value-of-the-parameter-mi-. 

[8]Rocscience, 2019. “RS2 (Phase2 9.0) 2D Geotechnical Finite Element Analysis” . 


	EYGEC_PROCEEDINGS_KITAP_SON.pdf (p.1-314)
	EYGEC_PROCEEDINGS_KITAP.pdf (p.1-315)
	EYGEC_PROCEEDINGS_KITAP.pdf (p.1-313)
	EYGEC-MYGEC-Proceeding-01.pdf (p.1)
	EYGEC_Ilk Sayfa.pdf (p.2)
	EYGEC_COMMITTEES_Programme (1).pdf (p.3-13)
	EYGEC_PROCEEDINGS.pdf (p.14-313)
	1_Austria_Matthias Rebhan.pdf (p.1-6)
	7_Austria_Olja Barbir.pdf (p.7-12)
	13_Belgium_Margarita Palaiologou.pdf (p.13-20)
	21_Belgiumt_H.Gharsallaoui_UCLouvain.pdf (p.21-28)
	29_Croatia_Andrea Milardovic.pdf (p.29-36)
	37_Croatia_Ivan Malisa.pdf (p.37-44)
	45_Denmark_Emil Mejlhede Kinslev.pdf (p.45-52)
	53_Denmark_Jakob Rahbek Udengaard.pdf (p.53-60)
	61_Finland_Markus Haikola.pdf (p.61-68)
	69_Finland_Saara Lassila.pdf (p.69-76)
	77_France_Lisa Miotti.pdf (p.77-82)
	83_France_Nicolas Berthoz.pdf (p.83-90)
	91_Germany_Moritz Wotzlaw.pdf (p.91-98)
	99_Germany_Tino Rosenzweig.pdf (p.99-106)
	107_Greece_Koutsantonakis Kanellopoulos.pdf (p.107-114)
	115_Ireland_Megan Dolan.pdf (p.115-122)
	123_Ireland_Soroosh Jalilvand.pdf (p.123-130)
	131_Italy_Armando DeLillis.pdf (p.131-136)
	137_Italy_Viviana Mangraviti.pdf (p.137-144)
	145_Macedonia_Chaneva Jordanka.pdf (p.145-152)
	153_Netherlands_Divya Varkey.pdf (p.153-160)
	161_Netherlands_Maria LuisaTaccari.pdf (p.161-168)
	169_Norway_Jesper Bjerre.pdf (p.169-176)
	177_Poland_Mateusz WISZNIEWSKI.pdf (p.177-184)
	
	193_Romania_Oana Carasca.pdf (p.193-200)
	
	209_Slovakia_Mgr. Radek Onysko.pdf (p.209-216)
	217_Slovenia_Ales Oblak.pdf (p.217-224)
	225_Spain_Ana Teresa Santos De Alencar.pdf (p.225-232)
	233_Spain_Natalia Montero Cubillo.pdf (p.233-240)
	241_Sweden_Arthur Jedenius.pdf (p.241-248)
	249_Sweden_Carolina Sellin.pdf (p.249-254)
	
	263_Turkey_Zulal Akbay Akbayarama.pdf (p.263-270)
	271_UK_Joe Newhouse.pdf (p.271-278)
	279_UK_Natalie Davey.pdf (p.279-286)
	287_Ukraine_Anna Kupreichyk.pdf (p.287-292)
	293_Ukraine_E.A_Shokarev.pdf (p.293-300)



	Workshop.pdf (p.316)

	Son Sayfa.pdf (p.315)



