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ABSTRACT

The strength of rock and soil is one of the important things on a slope. This study used the weathered dacite
rock type which affected the strength of the rock. By using the Hoek-Brown calculation analysis method and
also supported by the Rocsience (Roclab) software application, the parameter results obtained, y = 2.6 t/m®,
m; = 25, Disturbance Factor (D) = 1.0, m, = 0.118, s = 3.73e®, @ = 0.531. The rock mass strength of the
sample was brittle so that it can easily collapse. The purpose of this analysis is to do further study to
overcome the problems that occur in most rocks, especially those related to transportation routes next to the

slope.

Keywords: Rock Classification, Rock Parameters, Roclab.

1. INTRODUCTION

Rock is one of the materials on a slope.
There are so many facilities such as road
surfaces around the slope, so landslides can
occur on slopes where the rock material has
weathered, causing the road users and public
facilities around them to experience landslides
disaster. As the result of a series of landslides,
several rock samples were taken on the
Ponorogo - Pacitan road, precisely at KM 226
to analyze the strength of the rock mass. The
rock mass is required for more detailed data on
a repair or early stage of project construction
(Hoek, et al, 1995) that will be included in the
design. (Hoek and Brown 1980) made a
"method" to obtain an assessment of rock mass
[1], which can be seen directly and uses several
parameters (Hoek, E., Carranza-Torres, C., &
Corkum, B. 2002 ) [2]. In this analysis, further
research is required regarding the problems that
occur.

Dacite igneous rocks have influential
components such as intermediates between
andesitic igneous rocks and rhyolite igneous
rocks which have an aphanitic-porphyritic
texture [3] (Flett, John Smith, 1911).

2. RESEARCH METHOD

2.1 Research Object

In Figure 1. In the study, it can be seen
the structure of near rock forms is arranged,
and Figure 2 it can be seen the structure of
open rock forms is arranged. Rock samples
taken on the slope is dacite rock type. If you
look at it with the naked eye, you can see that
the rock has wundergone quite intense
weathering so that when touched by hand or
using a geological hammer it can easily be
crushed. In this study, the rocks used namely
dacite rock used the Hoek-Brown calculation
method by finding the required parameters.
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Figure 2 Structure of Open Rock Form

2.2 Analysis Based on Hoek and Brown

In rock analysis, according to failure
based on Hoek and Brown, there are several
determined parameters to get the value of the
safety factor. In determining the Hoek and
Brown failure analysis, several parameters are
required, namely the GSI value, rock
compressive strength (o;) from the results of
the compressive strength test, rock mass
constant (m;) based on rock type, and
disturbance factor value (D) based on stress
relaxation.

3. RESEARCH METHOD

3.1 Estimation of Laboratory Test
Results

The rock to be tested has been taken for
the sample, Figure 3 by cutting it into a block
shape with a predetermined size. Rock
compressive strength testing was carried out in
the concrete laboratory of the Civil Engineering
Department, Brawijaya University, Malang,
which was carried out using whole rock
samples that had been cut into cubes. Samples
on rocks using dacite rocks with data obtained
in Table 1.

Figure 3 Samples of Rock Cut in Cube Shape

Table 1. Rock Test Sample Data

Date : 20 — 08 - 2019
Location : KM 226

Sample 1
Test Piece Size (cm) 9x9x9
Area (cm?) 81

Test Piece Weight (Kg) 1.66

3.2 Intact Rock Strength

The compressive strength of intact rock
(o) was carried out using a laboratory test,
namely the Uniaxial Compressive Strength
(UCS) test. This measurement aims to estimate
the rock's compressive strength. The rock
sample tested is highly weathered Dacite Rock
so a UCS value of 2.5 MPa was obtained.
Figure 4. And from field observations based on
the GSI standard of rock assessment, which is a
data processing technique to determine the
properties of the rock samples. [4]

Figure 4 Sample Condition After Compressive
Strength Test



In testing rock samples, a value of 2.5 can be input in the Roclab Software Program, seen in Table

2 below.

Table 2 Giving UCS Values to the Roclab Program

Field E stimate of Strength

Specimen can only be chipped with
a geological hamrmer.

Specimen requires many blows of a
geological hammer ta fracture it.

Specimen requires more than one
blows of a geological hammer to
fracture it.

Cannot be scraped or peeled with a
pocket knife, specimen can be
fractured with a zingle blow from a
geological harmmer.

Fresh bazalt, chert, diabaze,
gneizz, granite, quartzite.

Amphibolite, sandstone, bazalt,
gabbro, greiss, granodiornite.,
limeztone, marble, rhpolite, tuff,

Limestone, marble, phyllite,
zandztone, schizt, shale.

Claystone, coal, concrete, schist,
shale, ziltztone.

Examples Strength [MPa)

»250

100-250

50-100

el b

25-50

peeled by a pocket knife.

Indented by thumbnail.

Can be peeled with a pocket knife Chalk, rockzalt, potash. B.o5
with difficulty, shallow indentation

made by firrn blow with point of a

geological hamrmer.

Crumbles under firm blowes with point | Highly weathered or altered rock. 1.5
of a geological hammer, can be

Stiff Fault gouge.

0.25-1
Uniaxial Compressive Strength [sigeil:  |2.9 _|::I MFa ak. | Cancel |
If it is seen in the table options, it can be
explained and concluded that rocks that have a
value of 1-5 are brittle so they can be easily m; =25

destroyed if hit using a geological hammer or
using a pocket knife. It has been explained that
the rock is very weathered or has undergone
alteration. On the rocks where the sample was
taken in the field, the rock's color is bright so
that it supports a fairly intense alteration
process.

3.3 Rock Mass Constant

In determining the rock constant (m;)
with dacite rock type, a m; value of 25 is
obtained according to Table 3, so obtained
value:

In the table it can be concluded that this dacite
type rock is a rock that is included in the
igneous rock type or igneous rock type
originating from magma, namely a liquid
containing concentrated silicate [5] whose
temperature is cooling so that the rock can
harden, this rock type does not experience
crystallization process either inside or above the
soil surface (earth) [6].



Table 3 Values for Intact Rock (values in parenthesis are estimates)

Rock | Class Group Tedure
type Coarsa | nbedium | Fine Very fine
Conglomerates  Sandsiones  Silislones Claysionas
[21+3) 1724 722 4+2
. Bfecias GreyWackEs Shakas
i {a+5) {18+3) (B2
Mails
E (T+2)
o
-4 Crysialing Sparilic Mlicrilic Dolomiles
g Carbonales Lrsmainms Limasbones Limagiones (213)
= [12+3) [10zz) [B+2)
wl
o Non- Gypsum Anbrydite
Claslic | Evaporites B+2 12+3
, Chalk
Organic 722
o Pdartie: Haormlalks Quarnziles
= | mon tolisied 943 {1844} 2043
I Metasandsions
Fad {18+3)
Z Migrnatite Amphibolles  Gneiss
W | sighny faliaes {28+3) 2616 2E+E
- Schists Finyllites Siaies
Foltated 1223 F+3) T=d
Graniie Diiosriie
E2+3 2545
Light Granodorite
(28+3)
Plutonic Gabbie
27+3 Doderile
Dark " [168=5)
o oile
-] &
5 2025
= Porphiyries Déabase Peridalie
S | Hypabyssal {20+ 5) ) (255)
Rhyoite Dacte #&  Obsidian
(25+5) (25+3) 1823
Lawva Andesite Basall
+ {98 +
Volcams 2515 25_5'
) Agglomerale  Breccia Tull
Fyuciotic {1835) (1925 {13£5)

Source: Duncan and Christopher (2004)

3.4 Disturbance Factor (D) and Parameters

Disturbance factor determination can
determine the good or bad of rock be analyzed.
So obtained rock description as bad rock (Poor
Blasting) which is the rock mass damage on a
slope which can be seen in the table. Getting the
Disturbance Factor (D) value can be done with
the guideline for the factor value (D) in Table 4
according to Hoek and Brown. So obtained
value:

D = 1.0 (Poor Blasting)

While some other parameter calculations are
required, namely the Hoek-Brown Criterion
which is known from the values obtained,
namely Mb, s and a based on the values
obtained from the GSI and the disturbance
factor (D) by using the formula proposed by
Hoek & Brown (2002). The m, value
calculation is an intact rock that has a reduction
in the constant value. Obtained with the
following equation.



Table 4. Determination of the Disturbance Factor (D) value of Hoek and Brown 2002

Appearance of reck mass Description of rock mass Enggested
vahe af D

Excellent quality conmolled blasting or excavation by
Tumnel Boring Machine results in minimal disnrbance n=0
to the confined rock mass surmounding 3 fumnal.
Mechanical or hand excavation in poor qualify rock
masses (no blastine) resalts in minima] dishirbance to D=0
the srounding rock mass.
Where squeezing problems result in siFmificant floor D=05
heave, disharbence can be severs wumless 3 femporary I - ':11
frvert, & shown in the photograph, is placed om
Very poor quality blasing in a hand rock mmne] results
m severs local damaze extending 2 or 3 m in the D=08
aEroumding rock mass
Small scale blasting in civil enginesring slopes results D=07
in modest rock mass damage, paricularly if controlled | Good blasting
blasting is nsed as showm on the left hand sids of the
photograph. However, stress relief resulfs in some n=10 k
dishrbance. Poor blasting
Very large open pif mine slopes suffer sigmificam: =10
distrbance due to heavy production blasting and zlso |  Producton
due fo soess relief from everburden remonal. blasting
In some softer rocks excavation can be camied out by D=07
rpping =nd dozing and the degres of damage to the | Mechanical
slapes 1s less, EXCAvVALon

Obtained with the following equation:

(GSI - 100)
=exp|————

$= 9-3D

(GSI — 100) c
my = mexp | —————— 25—-100

' 28 — 14D s =exp (—) = 3.73e7°
9-3(1)
_ 25-100\
my = 25 x exp (28——14(1)) =0.118 s = 3.736_6
my, = 0.118 And the calculation of a value is as follows:

To obtain the value of the rock mass constant
which includes the value of s and a with the

following calculation:

1 1, _Gst _20
= — — 15 — 3
a 2+6(e e )



1 1, _25 _20
a=E+g<e 15 —¢ 3):0.531

a=0.531

the uniaxial compressive strength of the rock
mass was adjusted with the calculation ¢'3 = 0
with the following results:

o, = 0g.5%

2.5 . (3.73e76)0531

S
I

o, = 0.00326483 Mpa

and, tensile strength with the following
equation:

. SO'Cl'
O't = mb

_ 3.73e75(2.5)
9 = 0118

o, = —7.9049e7°%> Mpa

The calculation results of the deformation
modulus on the rock mass according to Hoek
and Brown criteria by inputting the disturbance
factor (D) value as follows:

D\ [04 ((651—10))
E,=(1-= 10\ 40
m ( 2) 100

1.0\ [2.5 (<254-010))
Em = (1‘7) 100 1©

E,, = 187.474 MPa

The analysis of the Roclab program obtained
similar values according to the calculations
above. The data input is in Figure 4 and
parameter values can be seen in Figure 5.

Hoek-Brovwn Clazsification

sigei m MFPa 35

GSl (8 = o@
U
o (=~ -

Hoek-Browen Critenion
mb |0.118

s [3.73e6
a |0.531

Failure Envelope Range

Application;  Slopes -

zig3ma ||:I.2EI'I 4] _|:| MPa

Urit wWeight [0.026  MMN/m3

Slope Height |'| 2 m

Figure 4 Data Input for Hoek & Brown Classification in the Roclab program

Figure 5 Data Input Results for Hoek & Brown Classification in the Roclab Program



From the data input results in the Roclab program, images in the form of major and minor graphs
are obtained according to the input data through the Hoek and Brown parameter criteria in Figure 6
below.

0.401
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Minor principal stress (MPa)

Figure 6 Major and Minor Graphs in the Roclab Program



4. CONCLUSION

The research analysis results on dacite
rocks can be concluded that the rocks obtained
are weathered/altered rocks. By using the Hoek-
Brown method, it is mandatory to get the
parameter values of the rocks. The parameter
values obtained are y = 2.6 t/m*® ; UCS = 255
t/m?; m;=25; D =1.0; m, = 0.118; s = 3.73¢™;
a = 0.531. So that further research can be
carried out to get the value of the safety factor
and can be used to overcome the problems that
occur.
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