Int

umhnhnmm“m“m 5

— el

[mpact of Weathering on Rock Strength by Schmid¢ Hammer Test
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rebound values. Fourteen rock samples of Basalt have b

Indonesia. The rock samples were classifi

ied as four types based i
from the fresh to weathered rocks including Slightly Wepﬁme, oF Weihersd deg

1, ng}ﬁy Weafheréd (HW) class 1V and Compferefy We
applied to predict the rock strength by the rebound valyes.
weathered rock. The rock strength decrease when the degre.
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ree by petrographic analysis,
ed (SW) class 11, Moderately Weathered (MW) class
athered (CW) class V. Schmidi Hammer test was
The result shows that the rock strength influenced by
e of weathering of rock increases.
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INTRODUCTION

Compressive strength is an important parameter of
rock mechanics properties. Rock engineers widely
use the Uniaxial Compressive Strength test (UCS) of
rocks in mining and infrastructure activities. For
measuring this rock strength, the procedure has been
standardized by both the International Society for
Rock Mechanics (Brown, 1981) and American
Society for Testing and Materials (ASTM, 2001). The
rock sample should be prepared into some
requirements, therefore the method is time consuming
and expensive. Schmidt hammer is a simple test to
predict the UCS. This test is easier to carry out
because it necessitates less or no sample preparation,
fion-destructive, and the testing equipment is mobile.
Also, it can be used easily in the field (Schmidt,
1951). Some researchers have been developed
fpplication of Schmidt hammer to predict the rock
Strength such as Brown, 1981, Cargil and Shakoor,
2132, Torabi, 2005, Torabi et al., 2010, and ASTM,

Index to strength conversion factors between UCS
Method and Schmidt hammer have been proposed by
& Mumber of researchers and have been found to be
fock dependent. Those researches applied only in one
Socdition of fresh rock (Aggistalis, 1996, Katz et al.,
%00, Yilma; and Sendir, 2002, Yasar and Erdogan,
» Fener et al,, 2005, and Kilic and Teymen, 2008).

W °re is no reported research in this rega.rcll for
m‘_’afhergg rock condition from Indonesia. The aim of
'S Study is o find influence of the rock weathcr_ed
hampye K Strength that predicted by Schmidt

Fo
mlrlecﬂlt:;e Purpose fourteen rock samples of basall

Indopeg: from Gowa district, South SH!W&SL
*81. The weathering grades of rock identified at

field area, and analyzed by petrographic analyses.
The rock strength is then predicted by Schmidt
hammer for every rock weathering grades.

METHODS

Field Investigation and Sample Collection

The field area is conducted at a rock quarry mine
located in Gowa district, Sulawesi Selatan province,
Indonesia. The rock sample is Basalt a member of
Baturape Cindako volcanic rock Formation. The rock
condition is identified to classify the weathering
grade. :
Rock samples were taken for every different
condition of rocks for petrographic analyses. In
addition, Schmidt hammer test also investigated for
every weathering condition of rock based on
horizontal test.

Sample Preparation
The rock samples were prepared for laboratory
Schmidt hammer test and also for thin section to
analyze mineral content.

Mineralogy Analysis .

The rock weathering grades were classified based on
altered mineral as a result of weathering process. The
analysis uses petrographic to identify the mineral
contents,

Rock Physical Properties 'I_‘est ‘
There are two physical properties were measured i.e.
density and porosity of the rock. The test results were
applied to find correlation between rock weathered

grade to physical properties.

midt Hammer Test )
?.::‘ Schmidt hammer test was performed in




accordance with ISRM standard methods. The "35(;
was measured at the field location on in-situ rock al];l
also into laboratory test. For the laboratory test IB
rock sample was prepared as a block sam];;
10x10x10 cm® dimension. The test measured for
times and the results were averaged.

RESULTS and DISCUSSION

Characterization of Weathering Grade of
Rock .

Field observation identified four weathering gra‘dcs of
basalt occur at the field area. The classification of
weathering grades based on the visual ub§ervatllm
show different discoloration, discontinuity, and
hardness of rock occur on different the weathering
grades. The results obtained from the ﬁ_eld
investigation allowed us to classify the weathering
grades into four (4) grades (Anon, 1995) i.e. Slightly
Weathered (SW) as class 11, Moderately Weathered
(MW) as class 111, Highly Weathering (HW) as class
IV, and Completely Weathering (CW) as class V.

The weathering grade of Slightly Weathered
(SW-class 11} of basalt shows slight discoloration on
rock surfaces. Oxidation occurs in a small part of
rock fracture with brown discoloration. Spacing of
discontinuities occurs between 0.5 to 1.5 m. The
rock is hard and difficult to destroy by geological
hammer.

Extensive discoloration occurs in classification of
Moderately Weathered (MW-class II1). Joints present
extensive filled by clay minerals. Oxidation with
brown color more extensive compare to the rock
weathering grade of SW-class II. Discontinuities
occur on 20 to 60 cm of spacing. The hardness of

MW weathering grade also more weakness compare
to SW class.

Characteristics of Highly Weathered (HW-class V)
can be seen as below: discontinuities occur on 5-15
cm of spacing filled by soil material. The color of
rock material is dull gray-greenish green with brown
color of fracture. The rock in this weathering grade is

very weak and easily destroyed by geological
hammer.

Most of the rock changes into soil with so

_ me original
rock texture can be seen in the Completely Weathered
(CW-class V). Discoloration occyrs particularly

around joint surrounding. On the top of the basalt
outcrop, weathering process of basalt has been
completely removes the rock texture to be soil. The
soil material is very weak and easil .
Figure 1 shows profile of weatherin
and Figure 2 shows characteristic o
grade of basalt.

Y o destroy,
g grade of basalt,
frock weathering

Based on petrographic analysis, secondary minerals
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occur due to weathering process. Clay mip
result from weathering process increase
weathering grade of rock increases. Oy,
plagioclase and pyroxene decrease kg :t?‘
weathering grade increases. Table | sh0w:

alt and
g grade

erals g ,
When

mineralogical percentage on weathering of bas
Figure 2 shows photomicrograph of weatherip
of basalt.
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Figure 1. Profile of weathering grade of basalt

Rock Physical Properties

The rock physical properties test was measured for 4
rock samples of each weathering grade. The results of
the rock physical properties are given in Table 2.
Density values range 1.76 to 291 griem® for
completely weathered to slightly weathered,
respectively. Those results shows that the density of
basalt decrease when the weathering grade increase.
Porosity values range 40 to 4.22 % for completely
weathered to slightly weathered, respectively.
Influence of the weathering grade of basalt on
porosity values contrast with the density values. The
porosity values of basalt increase when the
weathering grade increase.

Schmidt Hammer Test

The Schmidt hammer test was conducted for 14 rock
samples of basalt. The mean values of Schmidt
hammer rebound values are listed in Table 3. The
rebound values range from 14.22 to 34.80. In addition
on the soil condition, there is no rebound values of
Schmidt hammer can be measured.

On the class IT of weathering grade, the values o
Schmidt hammer rebound range from 30.48 to 34.80.
Those values are the highest rebound values compér®
to other weathering grade class. The rebound values
of Schmidt hammer decrease when the class ©
weathering grade increase. On the class 111, the values
of Schmidt hammer range from 24.15 to 28.50, a.ngf
become 20.08 to 2323 on the class of !V o
Weathering grade. On the class V of weatheriné 3‘: &
the values of Schmidt hammer range from lM]ues
16.30. The values are the lowest rebound V2 on
Compare to other weathering grade. In ?dd'":;;m
the soil condition the values of Schmidt
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cannot pe measured.
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Rock Photos

Characteristics Weathering
grade

I:}Df;cugl}c_roc}ks changes into soil, but still show the rest
o | I:igt}}a rock texture, Discoloration particullarly
el ln pa.rts_of the rock that is grayish white.
o vidal wcalhgrmg also present in this weathering
ondition, _The mineral content has been disintegrated
therefore discontinuity is difficult o find. Rocks stren lhl
very weak and it can be destroyed by hand. ¢

CwW
(class V)

Discontinuity on this weathering is very tight between

3-15 em with filled by material in the form of soil. The

hallmark of this section is the presence of spheroidal

y\reathering and corestone. The color of the rock material HW

is a dull gray-greenish green with brown color suroinding (class IV)
the fracture. Rocks are very easily destroyed using

geological hammers.

Extensive discoloration in almost all rock surfaces and the

development of more intensive discontinuity, so that the

hardness of these rocks decreases. Rocks structure was

block joint structure. Condition of this weathering grade MW
is material dominated by rocks with a distance of (class I11)
discontinuity (20 - 60 ¢m) and joint filled with brown

ground. The rocks are easily destroyed with geological

hammers.

Slight discoloration on rock surfaces and discontinuity.

Gray colors are duller (fresh gray t_:luqh} and on some

parts of the rock body undergoes oxidation that pro_duocs

a brownish red color, Discolorations also occur in the SW
burly boundaries of columns to a brown colqr spaced (class II)
between 0.5 to 1.5 meters. Hard and compact, difTicult to

destroy using geological hammers.

Figure 2, Characteristic of rock weathering grade of basalt
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Figure 2. Photomicrograph of basalt:
1V; and d) Weathering grade V

Table 2. Physical properties

Sample Weathering Density Porosily
erade (griem’) (%)
AM_1.1 v 1,76 10,00
AM 2. v 2,16 19,82
AM_3.1 mn 2,66 4,27
AM 4.1 Il 2.91 4.22

Table 3. Schmidt hammer values of basalt

. Schmide
Sampel  Weathering grade s BRI
AM_1.1 v 14.22
AM 12 A 15.20
AM_13 v 16.30
AM 2.1 v 2321
AM 22 v 20,10
AM 3.1 1 27.45
AM 32 11 26.30
AM_ 33 111 25.00
AM 34 m 24.15
AM_ 35 i1 28.50
AM 41 1 34.80
AM 42 1l 3048
AM_4.3 Il 32.00
AM 44 11 31.20

Correlation between weathering grades of basalt
and the Schmidt hammer values can be seen in

Schmidt Hammer Vs Weathering grade
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Figure 3. Correlation between weathering grade and
Schmidt hammer rebound values

Figure 3 shows graphic influence of weathering
grade on Schmidt hammer rebound values. The
high regression coeficient is indicative of the effect
of weathering grade condition on the rock strength
that measured by Schmidt hammer rebound. The
values of Schmidt hammer decrease when the
weathering grade increase.

CONCLUSION

In this paper, the impact of weathering on basil

was investigated, and the conclusions of the SWdY

are as follows: )

l. There are four weathering grades in the studied
basalt.  Discontinuity  characteristics 2"
discoloration obtained during field studi®s: "
addition sail also occurs on the top of outerP 0:
basalt. Based on petrographic analyses: th




o tmmww

grades were  characterizeqd by
plagioclase but increasing clay as
mineral due to weathering process.
" fuence of weathering on physical properties
- pasal shows that weathering grade increases
osily of rock ‘but the weathering prade
reases rock density.
e of weathering Emde on rock strength that
g by Schmidt hammer rebound s
Cunded. The values of Schmidt hammer
rebound decrease when the rock weathering

grade increase.

“-caﬂ‘lﬂ:i ng
Jecreasing
second

w3

s

}\CKNOWLEDGEMENTS

The authors wish to acknowledge the support of
Ministry of Research, Technology and  Higher
gducation of the Republic of Indonesia for funding
{his research program on our Fundamental
Research _scheme. Acknowledgement is also
appreciated 10 Department of Mining Engineering,
Hasanuddin University, especially for
Geomechanics and Rock Engineering laboratory to
all support in this study.

REFERENCES

Anon, 1995, The Description and Classification of
Weathered Rocks for Engineering Purposes:
Geological Society Engineering Group Working
Party Report, Q.J. Eng. Geol. 28: p.207-242

Aggistalis, G., Alivizatos, A., Stamoulis, D., and
Stourmaras, G., 1996, Correlating  Uniaxial
Compressive Strength with Schmidt Hammer
Rebound Number, Point Load I[ndex, Young's
Modulus, and Mineralogy of Gabbros and Basalts
(Northem Greece), Bull Eng. Geol,, 54: p3-11

ASTM, 2001, Standard Practices for Prcpar!ng
Rock Core Specimens and Determining
Dimensional and Shape Tolerances, American
Society for Testing and Materials, D4543 )

ASTM, 2005, Standard Test Method for
Determination of Rock Hardness by Rebound
Hammer Method, D 873-05

Brown, E.T,, 1981, ISRM Suggested M
Characterization,  Testing and
Pergamon Press, Oxford ‘

Cargil, 1.S., and Shakoor, A., 1990, Evaluation _Of
Empirical Methods for Measuring the Umazn_al
Strength of Rock, Int. J. Rock Mech. Min. Scl.
27: 495-503 )

Fener, M., Kahraman, S., Bilgil, A., and Gunaydin,
0.,2005, A Comparative Evaluation of Indirect
Methods to Estimate the Compressive Strength of
Rocks, Rock Mech, Rock Eng., 38(4); p-329-343

Kaz, 0, Reches, Z., and Roegiers, J-‘?-- .0
Evaluation of Mechanical Rock Properties using

ethods Rock
Monitoring,

2 Schmidt Hammer, Int, J. Rock Mech M55
3]'7 p.723.728 ination of
ilic, A, , , Determinati

and Teymen, A., 2008 g Simple

Mechanical Properti ks usin
perties of Roc
Methods, Bull Eng. Geol. Environ., 67:p.237-244

Martin, R p,

and -
for Descri Hencher, S.R., 1986, Principles

Sod & ption and Classification of Weathered
Socie 0£ Engineering  Purposes, Geological
B ey, London, Engineering Geology Special
ublications, v.2, p-299-308

S ) -
chmidt, E. 1951, A non-destructive Concrete

" Tester, Cancrete, 59 (8): 34-5
O‘:a}f,ll‘ S.R., 2005, Reliability of the Application of
>chimidt Hammer in Determination of the UCS,
Final Project Report in Persian, Shahrood
University of Technology, Shahrood, fran

Torabi, SR, Ataci, M. Javanshir, M. 2010,
Application of Schmidt Rebound Number for
Estimating Rock Strength under Specific
Geological Conditions, Journal of Mining and
Environment, Vol.1, No.2, p.1-8

Yilmaz, [, and Sendir, H., 2002, Correlation of
Schmidt Hardness with Unconfined Compressive
Strength and Young's modulus in gypsum from
Sivas (Turkey), Eng. Geol. 66: p.211-219

Yasar, E. and Erdogan, Y., 2004, Estimation of
Rock Physicomechanical ~Properties  using
Hardness Methods, Eng. Geol., 71: p.281-288




	Impact of Weathering on Rock Strength by Schmidt Hammer Test_Page_2
	Impact of Weathering on Rock Strength by Schmidt Hammer Test_Page_3
	Impact of Weathering on Rock Strength by Schmidt Hammer Test_Page_4
	Impact of Weathering on Rock Strength by Schmidt Hammer Test_Page_5
	Impact of Weathering on Rock Strength by Schmidt Hammer Test_Page_6

