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ABSTRACT

Strength parameters of rock material are usually determined from laboratory
test on intact rock samples. Uncertainties arise in predicting the behaviour of a rock
mass under confinement due to the presence of discontinuous. Compared with the
intact rock, discontinuity such as joint induces inhomogeneous and anisotropic
behaviour in the rock mass. Several empirical approach such as Rock Mass Rating
(RMR) is available to classify and evaluate the strength of rock mass. However, the
RMR method is not suitable to be applied for the very poor quality of rock such as
shale, due to its limitation. This study attempts to verify the strength parameters of
intact rock using Hoek-Brown (H-B) and Mohr-Coulomb (M-C) failure criterion.
The RocData software is utilised to evaluate and assess the strength parameter of the
shale. Result obtained indicates that H-B criterion, which describe a non-linear
increase of strength compared to M-C. Hence, H-B criterion shows better

presentation of shale under field condition in comparison to M-C method.
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ABSTRAK

Kekuatan untuk bahan batuan kebiasaan-nya ditentukan melalui ujikaji
makmal ke atas sampel utuh batuan tersebut. Dalam menentukan sifat-sifat batuan
tersebut, ketidakpastian akan timbul disebabkan oleh ketidakselanjaran batu yang
terjadi secara semulajadi. Berbanding dengan batu utuh yang bersaiz kecil,
ketidakselanjaraan pada massa batuan akibat dari kecatatan seperti sesar, mendorong
kepada sifat inhomogenous dan anisotropic. Beberapa sistem empirikal seperti Rock
mass Rating (RMR) boleh digunakan untuk mengkelas dan menilai kekuatan massa
batuan. Walau bagaimana pun, kaedah RMR adalah tidak sesuai untuk digunapakai
dalam menilai batuan yang berkualiti rendah seperti Shale kerana kekangan di
dalam sistem tersebut. Kajian ini adalah bertujuan untuk menilai kekuatan utuh
batu dengan menggunakan dua kriteria kegagalan berbeza iaitu Hoek-Browm (H-B)
dan Mohr-Coulomb (M-H). Kedua-dua kriteria dianalisa menggunakan perisian
RocData. Keputusan ujikaji dan analisa yang diperolehi menunjukkan kriteria Hoek-
Brown menunjukkan peningkatan kekuatan yang tidak sekata (non-linear)
berbanding dengan Mohr-Coulomb. Kesimpulannya, H-B kriteria memberikan
gambaran keadaan Shale dibawah tekanan mengurung yang lebik baik berbanding
dengan kaedah M-C.
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CHAPTER 1

INTRODUCTION

1.1  Background

Rock failure has been studies in a co-ordinate way since the 1960s. The way
in which rock fails can be studied by examination of natural rock formations that
have been stressed and strained over geological time, by laboratory experiments on
rock samples, through in situ experiments, and by observing the result of rock
excavation and loading during engineering construction. It is very difficult to
visualize the rock failure under confinement deep below the ground surface, and it
almost impossible to test a rock mass. Hence it is vital to study the strength criteria of
rock with a precise test such as triaxial test. The conventional triaxial strength
criterion is the basis of all true criteria, and is on the safe side for rock engineering

after neglecting the effect of intermediate stress.

The Baram Dam, also known as Baram 1 Dam (Baram Hydroelectric Dam
Project) is a proposed gravity dam on the Baram River in the Malaysian state of
Sarawak. The site of the Dam is 250 kilometers inland from Miri, the second largest

city in Sarawak. The proposed Baram Hydroelectric Project (HEP) with a



capacity of 1,200MW is located on the stretch of the Baram River between Long
Naha’a and Long Keseh, subject to confirmation of the site investigations and the
SEIA study, which are now being carried out. An earlier feasibility study carried out
by an independent consultant (Fichtner GmbH & Co KG) commissioned by Sarawak
Energy estimates that 6,000 to 8,000 people will be directly affected by the Baram
dam from 32 longhouses. This number has also been verified by the Miri Resident’s

office (sarawaksynergy.com.my).
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Figure 1.1  Location of the Twelve Dams planned under SCORE

(www.sarawaksynergy.com)
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Figure 1.2

Barem Dam
Exgocied Flooded Area

Legera

Baram Dam expected flooded area (www.sarawaksynergy.com)

The development of the Baram HEP gives a direct benefit to the people in the

interior of Baram. The project is set to spur the overall development of Baram with a

focal administrative township of Bandar Baru Telang Usan. The township will be a

landing point for development, economically and socially. In a nutshell, the Baram

HEP will be a catalyst for development in Baram and will provide the local

communities with benefits that include work opportunities, new and better homes,

roads, schools and infrastructure development. Few borehole explorations has been

done at the located area to determine the condition of the foundation. It has been

discovered that underneath the dam location is shale. Hence, it is crucial to determine

the shear strength of shale as it is known to be very poor in term of quality.



1.2 Problem Statement

Strength envelope should describe failure of rock under common stresses in
construction. For instance, tensile, uniaxial compression and triaxial compression.
So, this study embark at producing strength for shale in Baram, Sarawak. There are
two failure criteria namely Mohr-Coulomb and Hoek-Brown. With regard to failure
criterion, these are 2 common approaches used namely Mohr-Coulomb and Hoek-

Brown. This study will look into strength envelope produces by each criterion.

Uncertainties arise in predicting the behaviour of a rock mass under
confinement due its discontinuities nature. Discontinuity such as joint induces
inhomogeneous and anisotropic behaviour in the rock mass, in contrast to the
behaviour of intact rock samples used in the lab tests. Several empirical approach
such as Rock Mass Rating (RMR) are available to classify and to evaluate the mass
strength of discontinuous rock. However RMR suffers from several limitations for it
is not suitable for very poor quality rock mass such as shale. For this reason, it is
vital to evaluate strength parameter through analysis of Hoek-Brown and Mohr-
Coulomb.

1.3 Objective of the Study

This study attempts to verify the strength parameters of the rock using

different failure criterion. The objective of the study comprises of the following:

(i) To study the strength envelope and failure criterion of shale using Mohr-
Coulomb and Hoek-Brown.

(i) To determine engineering properties of shale from the laboratory test



(iii) To compare the rock behaviour under Mohr-Coulomb and Hoek-Brown method

failure criteria.

1.4 Scope of the Study

Generally, this study focuses on highly laminated rock known as shale which
was collected from Baram, Sarawak where a dam will be built. To construct a dam
above the very weak rock, the shear strength parameter need to be determined
carefully to ensure a good design. Basically there are two types of criterion that
involve in strength parameter of intact rock which are Hoek-Brown and Mohr-
Coulomb criterion. Both criteria are used to describe the failure criteria by using
analysis thru RocData software.

In order to gather the data required for analysis purpose, three different
laboratory test will be conducted which are uniaxial compression test (UCT), triaxial
test and also Brazilian test. Thru these laboratory test, the parameters such as
uniaxial compression strength, maximum stress at failure and tensile stress can be
determined. All the data then will be use in RocData software and analyze to get the

strength parameters.

1.5  Significance of the Study

Parameters on rock material strengths are usually determined from laboratory

test on the intact rock samples. It is very difficult to predict the behaviour of rock



mass under confinement due to its discontinuities nature. Therefore, by having a
close prediction of Hoek-Brown failure criterion with the laboratory test result, the
Geological Strength Index (GSI), which reflect to the rock mass strength can be

predicted.



REFERENCES

Amman F., Kaiser P., Button E.A. (2011). "Experimental study of brittle behaviour
of clay shale in rapid triaxial compression." Rock Mechanics, Rock Engineering
45 pp 21-33.

Barton N. (1976). "The shear strength of rock and rock joints." International Journal

of Rock Mechanics and Mining Science. Geomechanics abstract 13 pp 255-279

Barton N., Lien R., Lunde J. (1974). "Engineering classification of rock masses for

the designs of tunnel supports.” Rock Mechanics, 6, pp 189-236.

Bejarbaneh B.Y., Armaghani D.J.,, Mohd Amin M.F. (2015). "Strength
Characteristic of Shale Using Mohr-Coulomb And Hoek-Brown Criteria.”
Measurement 63, pp 269-281.

Bieniaswki Z.T. (1976). "Rock Mass classification in rock engineering." Z.T.
Bieniaswki (Ed), proceeding of the Symposium on Exploration for rock
engineering, 1, Cape Town, Balkema, pp 97-106.

Deere D.U., Hendron A.J., Patton F.D., Cording E.J. (1967). "Design of surface and
near surface in construction in rock." C. Fairhurt (Ed.), Failure and breakage of
rock, Proc, 8th U.S. Symposium Rock Mechanics, Soc. Mining Engineering, Am.
Inst. Min. Metall. Petroleum. Engineering, New York, pp 237-302.

Deere D.U. (1968). Geological considerations, R.G. Stagg, D.c. Zienkiewich (Eds.),
Rock Mechanics in Engineering Practice, Division of Civil Engineering, School of
Engineering, University of Wales, Swansea, John Wiley & Sons, New York, pp.
1-20



69

Diederichs M. S. (2003). "Rock fracture and collapse under low confinement
conditions." Rock Mechanics, Rock Engineering 36(5), pp 339-381.

Duncan C.W. and Christophre W.M. (2005). Rock Slope Engineering: Civil and
Mining, 4th Edition.

Eberhardt E. (2012). "The Hoek-Brown failure criterion."” Rock Mechanics Rock
Engineering, 45 pp 981-988

Fred A. Donath. (1987). "Rock deformation, experimental.” Structural Geology and

Tectonics. Encyclopaedia of Earth Science, pp 688-699.
Haywich D.W. (2008;2009). Education, University of South Alambama

Hoek E., Kaiser P.K., Bawden W.F. (1995). "Support of Underground Excavation in
Hard Rock." Belkema, Rotterdam.

Hoek E., Carranza-Torres C., Corkum B. (2002). "Hoek-Brown failure criterion."
Proceeding of the 5th North American Rock Mechanics Symposium and 17th
Tunnelling Association of Canada Conference: NARMS-TAC 2002, July 7-10,
University of Toronto, pp. 267-271.

Hoek E., Wood D., Shah S. (11992). "A modified Mohr-Coulomb criterion for jointed
rock masses." J.A Hudson (Ed.), Proc. Rock Characterization, Symposium

International Society of Rock Mechanics, 92 pp. 209-214

International Society of Rock Mechanics (ISRM) (1983) Commission on Testing
Methods, Suggeested methos for determining the strength of rock materials in
triaxial compression

Jaeger J.C. and Cook N.G.W. (1976). "Fundamental of Rock Mechanics." Chapman

and Hall, London.

Jaeger J.C., Cook N.G.W., Zimmerman R.W. (2007). "Fundamentals of Rock
Mechanics."” 4th edition, Wiley-Blackwell, Oxford.

Jian and Zhao. (2005). "Rock mechanics for Civil Engineers.” Swiss Federal Institute

of Technology Lausanne, Switzerland.

Kaiser and Kim. (2008). "Rock Mechanics challenge in underground construction
and mining." SHRIMS, Perth, Australia.



70

Marinos V., Marinos P., Hoek E. (2005). "The geological strength index: application
and limitation." Bull. Engineering & Geological Environment, 64, pp 55-65.

Mclamore R., Gray K. (1990) "The mechanical behaviour of anisotropic sedimentary

rock."” American Society of Mechanic Engineers. Trans, Series B, pp. 62-76.

Melkoumian N., Priest S.D., Hunt S.P. (2009). "Further development of the three-
dimensional Hoek-Brown yield criterion.” Rock Mechanics Rock Engineering, 42,
pp 835-847

Nieto A.S. (1983). "Some geologic factorss in the location, design and construction
of large underground chamber in rock." Processing Rapid Excavation &
Tunelling Conference, AIME, pp 569-596.

Palmstrom, A. and Broch, E. (2006). "Use and misuse of rock mass classification
systems with particular reference to the Q-system." Tunnels and Underground
Space Technology, 21, pp 575-593.

Pan X.D., Hudson J.A. (1988). "A simplified three-dimensional Hoek-Brown yield
criterion." M. Romana (Ed), Rock Mechanics and Power Plant, A.A Balkema,
Rotterdam, pp 95-103.

Piteau D.R. (1970). "Geological factors significant to the stability of slopes cut in
rock." Processing Symposium on Planning Open Pit Mines, Johannesburg, South
Africa, pp 33-53

Priest S.D. (2005). "Determination of shear strength and three-dimensional yield
strength for the Hoek-Brown criterion." Rock Mechanic Rock Engineering, 38 pp
299-327.

Ritter, W. (1879). "Die Statik der Tunnel gewolbe." Berlin: Springer.

Saroglou H., Tsiambaos G. (2008). "A modified Hoek-Brown failure criterion for
anisotropic intact rock.” International Journal of Rock mechanics and Mining
Science, 45 pp 223-234

Singh M., Singh B. (2012). "Modified Mohr-Coulomb criterion for non-linear
triaxial and polyaxial strength of jointed rocks." Internation Journal of Rock

Mechanics and Mining Science, 51 pp 43-52



71

Tonnizam M.E., Jahed Armaghani D., Momeni E., ALavi S.V. (2014). "Prediction of
unconfined compressive strength of soft rocks.” a PSO-based ANN approached.

www.encyclopediabrittania.com
www.sarawaksynergy.com.my

Yoshiaki O., Hideyuki H. (1997). "Stress and time-dependent failure of brittle rocks
under compression: A theoretical prediction.” Journal of Geophysical Research,
Vol. 102, No. B7, pp 14, 869-881.

Zhang L. (2008). "A generalized three-dimensional Hoek-Brown strength criterion.”
Rock Mechanics, Rock Engineering, 41, pp 893-915.



	NurihanMohdFauziMFKA2015ABS
	NurihanMohdFauziMFKA2015TOC
	NurihanMohdFauziMFKA2015CHAP1
	NurihanMohdFauziMFKA2015REF



