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Resistencia de Macizo Rocoso

e Laresistencia de un macizo rocoso sera funcion de la
resistencia de la roca intacta, la resistencia de las
discontinuidades y de como éstas se distribuyan en el
macizo.

 Cuando la geometria de las discontinuidades controla la
estabilidad del macizo, lo mas correcto es considerar la
resistencia de las estructuras.

e Cuando no hay un control definido de la geometria de
discontinuidades, se aplican otros criterios de falla. El
mas comun para obras de ingenieria civil es el de Hoek-
Brown. Para obras subterraneas de mayor profundidad
(mineras) hay otros criterios.



Criterio de Hoek-Brown

« Definido por Hoek y Brown en 1980, para un caso
particular. Ha tenido numerosas actualizaciones, la ultima
de 2002.

e Considera gue el macizo rocoso, a la escala de la obra
de ingenieria en que se trabaja, puede considerarse
ISOtropo. Esto significa que hay un nidmero suficiente de
discontinuidades poco espaciadas en comparacion con la
estructura (talud, tunel, etc.).

» La aplicacion del criterio se considera como un
“escalamiento” desde la roca intacta al macizo rocoso.
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Criterio Generalizado de Hoek-

Brown
Definido por Hoek & Brown (1997), como:
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Donde m,, s y a son constantes del macizo rocoso.

El criterio generalizado de Hoek-Brown es no lineal, por
lo tanto la conversion a Mohr-Coulomb es dependiente
de oy'.



Shear stress (MPa)

" Rock Mass Parameters

Analysis of Rock Strength using RoclLab

Hoek-Brown Classification
intact uniaxial compressive strength = 30 MPa
GEl=50 mi=10 Disturbance factor =0

Hoek-Brown Criterion
mb=1677 ==00033 a=0506

Mohr-Coulomb Fit
cohesion =1.494 MPa  friction angle = 30.52 deg

tensile strength = -0.069 MPa

unizxial compreszive strength = 1.807 MPa
global strength = 5230 MPa

moduluz of deformation = 3477 .23 MPa
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Criterio de Roca Intacta

e Para roca intacta, el criterio se expresa por:
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 |dealmente, los valores de o (resistencia a la
compresion simple) y m; se deben obtener por ajuste de
una serie de ensayos triaxiales con 0<c;'< o .

« Alternativamente, se usa valor de UCS para ensayos de
compresion simple o estimaciones de terreno para
estimar o ; y m; de tablas segun el tipo de roca.



Table 2.1 Mean and standard deviation of m, for a few selected rock types, based on data
from Doruk ¢1991), From Helgstedt (1997,

Rock type Mumber | Range of Averige standard sugpested my-value
of test sels | m-values m~value | deviation of | (Hoek, Kaiser and

n-valug Bawden, 1995)
Dol omite & 5.2-18.2 1 1.4 4.3 8-110
Granite | & 7.9 -42.6 25.3 0.5 LY
Limestone 26 39-351.7 1.2 0.4 8-10
Marble |4 4.7-16.0 &.0 3.2 9
Mudstone 7 2.0 - 46.6 19.2 | 4.5 0
Cartzite 7 5.6-284 |82 7.3 24

sandstone 5T 4.7 -355 | 5.0 B0 | G




e De acuerdo con Hoek et al. (2002), los valores de las
constantes de macizo rocosos se obtienen de:
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» Donde GSI es el Geological Strength Index, obtenido en

terreno, y D es un factor de correccion llamada Factor
de Perturbacion.
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Factor de perturbacion (D)

Disturbance Factor D

Application: & Tupnels ©° Slopes

Excellent quality controlled blasting or excaswation by
Tunrel Boring Machine rezults in mirimal dizturtbance
to the confined rock mass surmounding a tunnel,

techanical or hand excavation in poar quality rock
maszzez [ho blazting] resultz in minimal disturbance to
the zurrounding rock mass,

YWhere zqueezing problems rezult in zsignificant floaor
heave, disturbance can be severe unless a
temporary invvert, as shown in the photograph, i=
placed.

YWery poor quality blazting in a hard rock tunnel
rezults in 2evere local damage, extending 2 or 3 m. in
the zurrounding rock mass,

Dizturbance Factar: ]D _|—'_:—| 4

D=0

D=05
Mo lrevert

D=0.3

Cancel




Disturbance Factor D | |

Application:  © Tunnelz: % Slopes

Small zcale blasting in civil engineering slopes rezults GDDE El:lléiting
in modest rock mazs damage, particularly if controlled P =
blazting is used as shown on the |eft hand zide of the

photograph. Howewver, strezs relief results in zome L=1.0

B Foor Blasting
Yery large open pit mine zlopes suffer sighificant 0=1.0
dizturbance due to heavy production blazsting and Fraduction
alza due to strezs relief from overburden remonal. Blasting

Ih zome softer rocks excavation can be camed out O=07

b ripping and dozing and the degree of damage to Mecharical
the zlopes is less. I

Laderas

Dizturbance Factar: IEI _l; ] Cancel |







Otros parametros de macizo rocoso
(Hoek-Brown 2002)

e Resistencia a la traccion:

Soci
Mb

Om =

e Resistencia a la Compresion:

o = OuiS®



Modulo de Deformacion de Macizo Rocoso:

c.<100MPa Erm(G Pa) — (]__B\ ﬁlo((GSI—lo)Mo)
Z/VlOO

N
c.,>100MPa Erm(G Pa) — (1_2 10((GSI—10)/40)

2 )

Hoek et al., 2002

.'II-..]

| -+ el(60+15D—GSI)/11)

Hoek & Diederichs, 2006



Conversion a Mohr-Coulomb
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Resistencia Global de Macizo
RoOC0SO

e Hoek et al. (2002) definieron un nuevo concepto
de “resistencia global” del macizo rocoso, que
Interpreta el comportamiento general del macizo
y sirve de comparacion. La resistencia global
esta dada por:

« Para o,<c;'<c /4



Valores referenciales y
comportamiento post-falla sugerido

Macizos Rocosos de Buena calidad

Table 11.7: Typical properties for a very good quality hard rock mass

Intact rock strength
Hoek-Brown constant
Geological Strength Index
Friction angle

Cohesive strength

Rock mass compressive strength
Rock mass tensile strength
Deformation modulus
Poisson’s ratio

Dilation angle

Past-peak characteristics
Friction angle

Cohesive strength
Deformation modulus
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150 MPa
25

75

45°

13 MPa
64.8 MPa
-0.9 MMPa
42000 MPa
0.2

¢/4=115°
38°

0

10000 MPa

Elastic-hnttle

Stress

0.000 .00 0.002 0.003
Sirain

{a) Very good quality hard rock mass

Hoek y Brown, 1997; Hoek, 2000



Macizos Rocosos de moderada calidad

Table 10.8: Typical properties for an average rock mass. s
Intact rock strength Oui 80 MPa
Hoek-Brown constant m; 12
Geological Strength Index GSI 50 w
Friction angle i 33" @
Cohesive strength ¢ 3.5 MPa H Strain saftening
Fock mass compressive strength Com 13 MPa
Rock mass tensile strength i 015 T
Deformation modulus E, 9000 WPa
Poisson’s rafio W 0.25
Dilation angle o ¢/ =4° . ! ! |
Past-peak characteristics 0.0 oot opoz aaes
Broken rock mass strength Cem 8 MPa Strain
Deformation modulus Een 5000 WPa

{b) Average quality rock mass

Macizos Rocosos de baja calidad

Table 11.9: Typical properties for a very poor quality rock mass 20 -
Intact rock strength O, 20 WMPa i :
Hoek-Brown constant i 3 =L Sl
Geological Strength Index GSI 30
Friction angle i 240 "
Cohesive strength ¢ 0.55 MPa |RLYS
Rock mass compressive strength O 1.7 MPa “
Rock mass tensile strength O -0.01 MPa
Deformatien modulus E, 1400 MPa =
Poisson’s ratio W 0.3
Dilation angle o ZETO oa , , |
Post-peak characteristics 0.000 0.001 0.002 0.003
Broken rock mass strength Cem 1.7 MPa Strain
Deformatien modulus E:, 1400 MPa

(c) Very poor quality soft rock mass




* Roclab: Software para analisis de Hoek-
Brown (www.rocscience.com)

) Rocscience Products - Roclab) - Microsoft Internet Explorer
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RESOURCE LIERARY Rock Mass Strength Analysis using the Generalized Hoek-Brown failtire criterion

Roclabis a software program for determining rock mass strength parameters,
hased onthe latestversion ofthe generalized Hoek-Brown failure criterion. Rociab
provides a simple and intuitive implementation of the Hoek-Brown failure criterion,
allowing users to easily obtain reliable estimates of rock mass properties and to
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