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Abstract

Segari - Ayer Tawar rock materials were generally characterized as slightly weathered (Grade 1l) to moderately weathered (Grade I1I).
Laboratory tests such as Brazilian tensile strength and point load strength index including direct shear strength were carried out using
collected weathering sample from borehole to assess the rock strength. Hence, index testing was used to predict geological strength index,
rock failure criterion from Hoek-Brown and deformation modulus mainly for the classification of rock mass engineering properties. The
relationship between the uniaxial compressive strength and geological strength index of rocks were used in proposing suitable methods

for cutting the rock slope.
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1. Introduction

Assessment of engineering properties for soils and rocks are the
main activities undertaken in the planning and implementation of
the physical land use for the development or engineering project in
the areas. The assessment is conducted to identify the suitability of
the sites and earth materials as a building material and to design
appropriate structures. However, the main test is to determine the
basic characteristics including soil and rock strength which needs
to be carried out appropriately following specific requirements for
a particular kind of development because such tests are often
limited by time and budget. Thus, the assessment of the
engineering properties of the soils and rock for other purposes
requires additional analysis based on the information and existing
test results. Further analysis is very important because the tests
conducted, especially in the laboratory, involves only intact rock
properties that are not affected by any discontinuities such as
joints and fractures. Instead, the nature of the rock mass is very
different from the results of laboratory tests for the existing
discontinuity influence.

UNITEN has conducted the study for the determination of
engineering properties of rock sample for slope stability
assessment in the area of Segari -Ayer Tawar, Perak. This study
involved four (4) borehole boring activities for sampling and
laboratory testing of soil and rock engineering properties. The
study area was covered by residual soil with variable thickness,
overlay on top of medium to coarse grain biotite granite bedrock.
The depth of granite sample from different slope location of the
boreholes was in the range between 4.5 m to 7.5 m. The borehole
samples showed that the variation of rock quality designation
(RQD) varied from 41% to 86%. The experimental result from the
borehole samples was used to identify the direct shear test,
Brazilian test, point load test and uniaxial compression test. From
these laboratory results, the characteristics or engineering
properties and their indexes were estimated based on predictive

judgement method through site observations and justification.
Next, the correlation of the engineering properties was used to
suggest the workability method for the excavation technique of the
slope for conceptual design.

2. Objectives

The observation and testing of the engineering properties of rock
material in the laboratory were analyzed to estimate some of the
engineering properties of rock masses following the guidelines in
the ISRM standard [1]. This paper presents the results of the
laboratory analysis and the simulation using RocLabl and RMI
calculation using Hoek - Brown Rock Criterion. Based on the
integration from the analysis of uniaxial compressive strength for
intact rocks versus geological compressive strength, a suitable
method of cutting rock slope at the study area was proposed in the
final part of the paper.

3. Methodology

Rock samples from borehole coring were tested in the laboratory
for the determination of engineering properties using the uniaxial
compressive strength, Brazilian tensile strength, and point load
strength index as well as direct shear strength using suggested
methods by [2], [3], [4] & [5]. The rock density and water content
was also determined in the laboratory. Besides laboratory tests,
evaluation of the physical properties was also made based on the
observation of the samples and the rocks at the site. Through this
method, the degree of weathering of rocks and Rock Quality
Designation (RQD) were determined. Further analysis of the
engineering properties result were carried out using the concepts
and approaches developed by [6], [7] and [8]. Based on these
assessment, other characteristics were determined as geological
strength index, rock failure criterion from Hoek-Brown and
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deformation modulus. The method of cutting the rock slope for the
proposed study area based on common methods used was
influenced by the relationship between the uniaxial compressive
strength and geological strength index of rock.

4. Results

The Segari-Ayer Tawar rock quality was identified as poor to very
good quality with grade of weathering as grade Il and grade IlI.
The Brazilian (indirect tensile) test showed the highest value
which was 13.5 MPa and the lowest value of Brazilian test was 2.5
MPa. These values depend on the depth and the weathering grade
that was influenced by the discontinuity. The point load test gave
the result of 2.0 MPa, being the lowest and 10.41 MPa, being the
highest. The loading of 19.5 MPa to 98.8 MPa were the uniaxial
compression load that the rock in this area could retain before it
fails.

This indicates a good sign of a moderate to good quality of rock.
The direct shear test result gave the values of friction angles and
cohesion values of 5 to 20 degrees and 0 to 3.1 MPa, respectively.
Table 1.0 shows the physical and engineering properties of the
rock samples in the selected area surrounding the Segari-Ayer
Tawar. While, Figure 1 shows the example of borehole core from
Segari-Ayer Tawar study area.

Table 1: Physical and engineering properties of rock samples

No. Borehole BH1 TOA | BHTT6A | BH1T15A BH2T15C

The depth of rock samples (m) 125- | 15- | 10-55 | 33-83
170 165

Weathering Grade Il Il -0l
Rock Quality Designation, RQD (%) 80-90 | 44-100 | 41-68 | 75-86
Rock Density, p (g/em’) 259 262 256 252
Brazian Tensile Strength (MPa) 39-135 97-131]64-131] 25-63
Paint Load Strength Index, s 68-104 | 38-88 | B84 | 20-33

Uniaxial Compressive Strength, g;(MPa) | 356- | 628- | 448- | 195-
%8 899 153 23

Shear Strength:
Cohesion, C (MPa) 12 0 16 3
Friction Angle, & (*) 11 2 5 5

4.1. Geological Strength Index

Observations of the rock samples from the study area showed that
the rocks were characterized as slightly weathered (Grade Il) to
moderately weathered (Grade 111). Rock materials especially near
the fractures surface have undergone a slight change of color, and
more significant changes in the rocks weathered Grade Ill. There
were between two and three sets of fractures that may affect in
reducing the strength of the rock masses and activate the
weathering process of rocks. Further observation showed that the
fractures surface was mainly filled with silica and clay due to
partially changes during weathering process. Based on the
characterization of the rock masses by [9], [10], and [11], the
rocks at the study area were estimated to have geological strength
(GSI) index between 60 and 70 (Figure 2).

(a)Plan View

(b) Side View

Fig. 1: Rock coring samples from BH15 Segari-Ayer Tawar

GEOLOGICAL STRENGTH INDEX FOR ] ]
BLUGKY JUINTEL HUGRS E é ;
Frem a desciption of the structure and ] £ 2 g
surface conditions of the rock mass, @ a £ B
pick an appropriate box in this chart ‘3 ] z =
Estimate the average value of GSI g 5 E ip £
from the contours. Do not attempt to o @ £ ] },‘ié-. -
be too precise. Quotng @ range from £ i 2 EE| §
36 fo 42 is more realisBc than stafing & o L o g -
that GSI = 38 It s also important to 3 g ‘é Et £
recagnize that the Hoek-Brown & o H] i3 2
clitefion should only be applied to © £ i ] B0 ]
rock masses where the size of & £ 2 - g e H
individual blocks or pieces is small = g ] 2= -] =
compared with the size of the & = g % =1-3 =1
excavation under consideration 3 4 E 3 £ £ £
When the individual block size is O 8-—_ 5 e 1§~‘= % E =
mare than aboul one gquarter of 3 a& = f_ 1= E'_ &
the excavalion size, the fallure wil be < | © 2 ag & @ g6 § ::ﬂ
structurally controlled and the Hoek-Brown & | & = § E 3 8 - £ ExE
critefion should nol be used 7 gg & 2 UE Yaalus ﬁ
STRUCTURE DECREASING SURFACE QUALITY ==
INTACT OR MASSIVE - intact /
rock speQmens OFf Massive In
sity rock with few widely spaced |, /90 htA NIA NeA
discontinuites o]
— 8L s £
BLOCKY - will intariocked un- =
deturbed rock mass conssting 8 70
of cubical blocks formed by three &
intérsecting dscontinuty sets W /
[ B0
0
VERY BLOCKY- infeflocked, = / /
partiaily dsturbed mass with & /m
mulli-faceted angular blocks =]
formed by 4 or more joint sefs o /
- = 40
| BLOCKYDISTURBED - folded =
= andior fautad with angular blocks S
formed by many intersecting @
“| dscontinuity sets 3 30
o Fi
[&]
T DISINTEGRATED - poorly inter- W /
locked, heavily broken rock mass = 20
a wath mixture of angular and
roundad rock places @ /
7
FOLIATEDLAMINATED - folded 10
and tectonically sheared. Lack
of blockiness due 10 schistoity Nia | WA /
prevailing over other discontinuibes

Fig. 2: Geological strength index estimates from the geological
observations (general chart from [12])

4.2. Rock Engineering Properties

Laboratory tests on rock samples provide the engineering
properties of intact rock that is not affected by any discontinuity.
The results of the tests are listed in Table 1. The uniaxial
compressive strength of the rock samples was generally between
50 and 100 MPa. This shows that the engineering properties of the
rocks were characterized as slightly weathered to moderately
weathered. Rock strength becomes lower when the rock materials
change slightly due to weathering process. The physical and other
engineering properties of the rock materials are generally higher
for slightly weathered compared moderately weathered of rocks.

4.3. Hoek — Brown Rock Failure Criterion

The generalized Hoek-Brown failure criterion for jointed rock
masses such as fractures is expressed as:

a

l..'|_

o, = 03 + O (mb = +5)

S

Where 6l and o3 are the maximum and minimum effective
stresses at failure respectively, mb is the value of the Hoek-Brown
constant for rock mass, s and a are constants which depend upon
the characteristics of the rock mass, and og is the uniaxial
compressive strength of the intact rock material.

Usually the intact rock material is determined based on tests of
rock samples, defined by the equation:

& | 5
o, = 03+ Oy (m,- — +1)
ci /
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By obtaining the o value and estimates the GSI value as well as
m; value, the equation above can be solved to determine the
stresses that cause failure of rock [12]. The value of m; is given
the choice of the stress range for this curve fitting process as
shown below (Figure 3):
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Fig. 3: Ratio of uniaxial compressive strength of rock mass to intact rock
versus geological strength index, GSI [12]

4.4 Deformation Modulus

Besides of rock mass strength, the deformation modulus of rock is
also an important input for analysing the rock properties to
determine the stability of the site and designing engineering
structures. In test facilities with limited conditions, deformation
modulus can be estimated by the uniaxial compressive strength for
intact rocks, o; and the geological strength index, GSI using the
following equation:

| Opi IfE."-'I —LD'-I
E, = |—=10'" a0
m = \Too

This equation has been simplified to relationship series curves of
deformation modulus and geological strength index for several of
uniaxial compressive strength as shown in Figure 4. Based on
Figure 4, uniaxial compressive strength with 20 MPa and 90 MPa,
and geological strength index with 60 and 70, the deformation
modulus of rock masses at the study area was estimated between
10 and 20 GPa. The dotted line shown in Figure 4 represents the
deformation modulus of rock masses in the study area.
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Fig. 4: Deformation modulus, E versus geological strength index, GSI
(standard graph as [12])

4.5 Rock Mass Strength Analysis using RocLab

RocLab is a software program for the determination of rock mass
strength parameters, using Hoek-Brown failure criterion. The
geological strength index, GSI and data from Table 1 were
analysed by RocLab and the details of the results are illustrated in
Figure 5 and 6. The analysis using RocLab is mainly for the
comparison of results with the overlay predictive and method as
discussed in the previous section. This analysis showed that the
modulus of deformation of Segari-Ayer Tawar rock was slightly
similar to overlay predictive method which was 10.899 GPa.
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Fig. 5: Analysis of rock strength using RocLab for Segari-Ayer Tawar

Anatysis of Rock Strength using RocLab for Segari Ayer Tawar

Mavor prcal stress (MPa)

| o

( prnceal stress (W

Fig. 6: Analysis shows minor and major stress of Segari Ayer Tawar using
RocLab.

4.6 Cutting Slopes Method

The relationship between uniaxial compressive strength of intact
rocks, o and geological strength index, GSI as well as experience
in excavation works and rock cutting can be used to propose a
method of cutting rock slopes. The approach is using three (3)
plots of features introduced by [11] and [12] as shown in Figure 7.
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Fig. 7: Plot of uniaxial compressive strength for intact rocks versus
geological compressive strength for several methods of cutting rock slopes.
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Figure 7 suggests three (3) common methods for the excavation
works or cutting rock slopes which depends on two (2) parameters
as stated. Based on the value of o and estimation of GSI for the
study area, it was found the suitable excavation process in that
particular sample area labelled as S to be carried out with blasting
and ripping.

5. Conclusion

Further assessments from the results of the laboratory tests for
engineering properties of the rock materials at the study area
provide the estimate for several engineering properties of rock
masses. For that purpose, the values of uniaxial compressive
strength for rock materials and the estimated geological strength
index for rock masses are important as a main input. It would be
preferable if it were any other strength properties of rock materials
which are determined from the laboratory tests can be used to
estimate the characteristics of rock masses.

This study applied the general relationship between several of
main parameters that have been proven by other researchers.
However, tests of the engineering properties for rock masses need
to be conducted at the site to verify the results of the analysis
because the characteristics of the rock mass is strongly influenced
by the real conditions on the site.
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