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ABSTRACT

Rock mass characterization study at Kajang Rockrguaas
performed using Spectral Analysis of Surface Wa(@aSW)
and Multichannel Analysis of Surface Waves (MASW8thods.
Rock Quality Designation (RQD) can be measuredhin field
directly. Discontinuity and processing survey mehdetermined
from 4 locations that have been examined in thislystarea.
Based on MASW and SASW methods, velocity of S waes
can be obtained and weathering grade of rock massbleen
classified. Location 1 consists of 5 weatheringempiSASW data
indicates surface wave velocity (Vs) obtained fr@88 m/s to
2044 m/s, MASW (Vs) ranges obtained from <600 ra*s 2400
m/s. Location 2 consists of 4 weathering zones) @fsSASW
obtained from 592 m/s to 2271 m/s and (Vs) of MASWained
from 400 to 2000 m/s. Location 3 consists of 4 WwerAhg zones
with (Vs) of SASW obtained from 512 m/s to 2465 rarl (Vs)
of MASW obtained from 400 to >1200 m/s. Locatiorahsists
of 5 weathering grades with (Vs) of SASW obtainemhf the 200
m/s to 2040 m/s and (Vs) of MASW obtained from 300-2300
m/s. Rock Quality Designation (RQD) in Location Hown the
rock quality is excellent (98.63%), in LocationRQD shows the
rock is good (98.38%), in Location 3 RQD shows thek is
excellent (99.03%), in Location 4 RQD shows thekras
excellent (96.43%).
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NOMENCLATURE

SASW  Spectral Analysis of Surface Waves
MASW  Multichannel Analysis of Surface Waves
RQD Rock Quality Designation

Vp Velocity of P Wave
Vs Velocity of S Wave
m/s Meter per second

SG1,2 ... Location survey 1,2 ...

Rayleigh velocity

Wavelength

Depth

Poison ratio

Constant value depends on Poison ratio
Shear modulus

Density

T OOT N>‘$

1.0INTRODUCTION

This study area located at Kajang Rock quarry, ®gmeFigure
1) and the quarry is a granite rock quarry (FigdreKajang Rock
Quarry located in the Semenyih district, Selangdre quarry
located at Longitude 02°55,261" and Latitude 1013%6' at the
north of Semenyih district. Semenyih has many paggjuarry, it
is visible from many former quarries in the outikitown area
and also at the hills area of this district.

Lithology at the quarry is granitic type. The studdgused on
the fresh rock and weathered granite only. Positibthe study
area is located in the middle line of the granitegn body, and
only one type of lithology detected in this area.

Surveyed locations are slopes of a quarry outcrdychw
known as Terrace 2 (SG1 (Location 1) and SG2 (ioca2)),
Terrace 5 (SG 3 (Location 3)) and terrace 8 (SGatétion 4))
(Figure 3). Studies were conducted on the quartgrop at the
inactivity, which is not operational in the shagtr.
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Geographical condition near the quarry is oil palantation.
However, a highway was built near the quarry, tegrlinked the
Reko highway, Kajang, Semenyih, Kuala Lumpur anchgail
Long. These highways known as Kajang Silk Highway.

1.1 Literature Review

Ahya (2007) states that the granite at Km 14.6 laKShighway

composed by grade | and I-1l and has coarse tounedéexture.

Ahya also find Rock Quality Designation (RQD) is. B3%. Ser
(2007) states the granite in Kajang Rock quarrysista of five

types of granite, which are medium-coarse-grainedpyry

granite, moderately coarse-grained granite, biagitenite, fine
grain sheared white granite, clorite sheared geaier centralize
analysis of rock mass characterization and rockitgjuthat found

this area is starting from very low (V) to very gog@), but most
are concentrated in low quality (IV) to moderat)(ISer also

states that the rock mass classification systenecbam RMR

Bieniawski 1979, found 44% of the rock mass is dod quality

(class Il) and 56% of average quality (Class IHusnul (2013)
states the condition of granitic rock in this arsain good

condition to be quarried.

MAP OF SELANGORSTATE ()

Figure 2: Field study area (terrace) at Kajang RQularry.
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Figure 3: Plan view of field study locatiosgl, Sg2, Sg 3,
Sg4), Kajang Rock Quarry, Semenyih (Modifiednirser,
2007).

@
2.0 OBJECTIVES

The main purpose of this study is to determineetfiectiveness
of SASW and MASW methods to characterize of ignemgk
mass in this study area. The main objectives sfghidy are:
1. Characterize the granitic rocks in Kajang Rock quar
using SASW and MASW geophysical methods.
2.Determine the Rock Quality Designation (RQD) for
granitic rocks using geophysical methods used énstindy
area.
3. Determine RQD on the discontinuity of the granitekr
and rock quality indicator to compare RQD from the
geophysical methods used.

3.0METHODOLOGY

3.1Principal of Seismic Method

SASW has been introduced since the 1980s. SASWttnas
advantages like this method is fast, inexpensived an
nondestructive characterization studies in geoteehnand
construction sites. Heisey (1982), Nazarian andka&tq1984),
Tokimatsu et al (1991) and Mathews et al (1996)ehbeen
developed this method.

The development of the latest technique is muléirotel
analysis of surface waves (MASW) where it mixes $A8nd
seismic reflection techniques. This technique dmyed in
Kansas Geological Survey (Park et al 1999), cadywe two-
dimensional data where SASW can only produce onemion
only.

In addition to the body wave moving in an elastiedmm,
there is another wave that propagates in elastidiansurface
called surface wave. In the method of spectralyamabf surface
waves (SASW), Rayleigh wave velocity is determinadd
reversed a shear wave velocity, Vs. Relationshipvéen Vs and
Vr as shown by equation (1-5) in elastic media.

Vr=f2a 1)

Z=21/2 @)

Vr =CVs 3)

G = pVs? (4)
1-2 1-2

C6—8C* + [3 - Tﬂ €% +16 [2(1_t)] =0 (5)

Where f is frequency is wavelength from source to detector,
Z is depth, C is constant value depends on Poiato, IG is
Shear modulug is density ang is Poison ratio.

Deere (1964) suggests the Rock Quality Designgf@D)
as a density discontinuity parameter obtained frdnifi core.
Deere define RQD as cumulative core length of ntieae@ 10 cm
for a long drilling unit, as shown in equation (6)

Cumulative length of rock cores>10cm

RQD =

X100% (6)

Total length of rock cores

3.2 Softwar e and Operation Equipment

Hammer hit to the steel plate that is attachedh¢osurface of the
soil used to generate waves that will propagatesisurface, the
main wave generated is Rayleigh wave. The frequeacge of

Rayleigh wave has sufficient energy to be detebiethe sensor
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by using some type of hammer that has a differeaight.

Rayleigh wave detection will be carried out fromogeones or
acceleration transducer (accelerometer) which imeocted to a
spectrum analyzer.

The spectrum analyzer will record data such as \speetra
and phase coherent functions in file format *. e data will be
displayed by using Mircosoft Excel and saved int*ile format.
WInSASW 2.0 software was used to generate the cufve
dispersion (Dispersion Curve) using that *.txt fled produce a
graft of Rayleigh wave velocity (Vr) against waved¢h Q). Next,
the dispersion curve inverted to be shear wavecitglo(Vs)
versus depth graft using WIinSASW 2.0. Shear moduwus
Young's modulus is calculated based on shear weleeity (Vs)
obtained from the inverse scattering income stiffnprofile. The
following discussion will be focused on equipme&S3V in the
field and several factors need to be consideredtdd the test
SASW the choice of wave source, type of detectod &me
distance among the detector.

The equipment that was used for seismic studidsdararea is
Terraloc ABEM Mark 6, 24 geophones, two connectiahles 12
buttons, hammer with many weight types, HITACHI gy
HG44-12 and battery charger, steel plates and cssnga
measure the direction of survey line.

Total of four line surveys were carried out witmge 69
meters each. Total of 24 geophones arranged imaglst line
profile with distance 3m between. Battery useduppsy current
and operates the equipment; ABEM Terraloc Mark &ctEline
profile has carried out seven times of emissionekength on the
relative distances specified (Table 1). The souraees generated
from the hammer on a piece of steel plate withréica# shock.

Table 1: Configuration of shock causes from th&t fjeophone.

No. of Shock Distance

(Meter)
-10
15
6.5
34.5

BIW|IN|F

3.3 Rock Quality Designation (RQD)

Calculation of RQD values in the field can be oh¢ai by the
discontinuity survey technique, this technique isoren
systematically. Based on this technique, the scaylime is made
on outcrop horizontally and vertically. Verticalascline is made
in the intervening at several meters and perpefaficio the
horizontal scan lines. Interval width depends andensity of the
discontinuity sets to obtain the required datahasve in Figure 4.

Figure 4: Line of discontinuity in vertical scangisurvey.

4.0 RESULT AND DISCUSSION

4.1 Profileof Location 1

Based on relationship between rock material withashwave
velocity (Bay 2000) (Table 2), (Vs) of Spectral Ayss of

Surface Waves (SASW) profile at Location 1 (FigGjeshows at
the depth between 0-0.13 m. Vs indicates a lowhkrevhetween
198 m/s - 1300 m/s, represents the existence of $ait, mix of

hard soil and granite which have experienced weathprocess.
At the depth 0.13 to 1.34 m shows layer of highlgathered
granite with Vs ranging from 1025 to 1300 m/s, whit the
depth of 1.34 to 7.15 m indicates the existencé&esh granite
layer that has high Vs between 2014 m/s - 2044 m/s.

Vs of Multichannel Analysis of Surface Waves (MASW)
profile at Location 1 (Figure 6) has a range of fitsn <600 -
>2400 m/s with depth reached into 12 meters. Lonati consists
of 3 main zones. The first zone has Vs 400-1000 wils the
depth of 3 m. Vs at second zone has 1000 - 2000anusthe
thickness estimation is 7 m. Third zone has a rayfgés from
2000 to 2400 m/s, this zone was detected at ththdepl0 m
below.

Table 2: relationship between rock materials witteass wave
velocity

Rock Material Classification Velocity of shear wave,

Vs (m/s)
Very soft 84-107
Soft Soi 107-137

Moderately Soft Soil 137-183
Hard Soi 18:-274

Very Hard Soil 274-366

Highly Wheatered Rock 366-610
Slightly Wheatered Rot 61(-274:
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4.2 Profile of Location 2 Depth(m) Vs (m's)
SASW profile at Location 2 (Figure 7) shows the thepetween
0-0.06 m, Vs indicates between 592 m/s - 593 mefsasents the
existence of high weathered granite rocks. At teptfl of 0.06 -
13.60 m indicates the existence of fresh graniterl¢hat has high
Vs between 1407 m/s - 2271 m/s.

MASW profile at Location 2 (Figure 8), has a rangeVs
from 400 to 2000 m/s and the depth reached 10 roatian 2
consists of 3 main zones, the top zone has Vs safigm 400 -
750 m/s with 3.5 m deep. The second Zone has \pemri50 -
1250 m/s and 4.5 meters deep. The third zone haanges 1250
to 2000 m/s, this zone was detected at the defhmobelow.

4.3 Profileof Location 3
At the depth of 0 - 0.76 m Vs indicates from 512182 m/s,
represents the existence of high, medium and lowtlvezed

December 30, 2015

granite. At the depth of 0.76 - 3.94 m indicates éxistence of Figure 7: Shear wave velocity (Vs) profile at Laoat2.
medium weathered granite layer with Vs ranges frbt89 to
1504 m/s, fresh rock found at 3.94 - 10.94 m deypith has a high Location 2 TE———

Vs between 1504 m/s - 2465 m/s. Figure 9 showspthéle of
Vs at Location 3.

Figure 10 shows the profile of MASW at Locationh#s Vs
ranges from 400 - >1200 m/s and reached 10 m othdep
Location 3 consists of 3 main zones. The top za®\s ranges
400-600 m/s with approximate depth of 4 m. Secantkzas Vs
ranges 600 - 1000 m/s and 4 m depth. The third fa®eVs
ranges from 1000 to 1200 m/s, this zone detectdukadepth of 8

m.
. |

Figure 5: Shear wave velocity (Vs) profile at Looatl.

Figure 8: (Vs) MASW Profile at Location 2.

Depth (m) Vs (m/s

Loc1 T —

Surace Loceton (Stebon .
1008 1011 012

Figure 9: Shear wave velocity (Vs) profile at Looat3.

Figur 6: (Vs MAS Proile at ocatio 1.
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Location 3 1200

Figure 10: (Vs) MASW Profile at Location 3.

4.4 Profileof Location 4

Figure 11 shows the profile of Vs at this locatid.the depth
between 0 - 0.13 m Vs indicates between 200 m/320Im/s,
represents the existence of hard soil, very haildasal granitic
rocks with slight/medium weathered. At the depttDdf3 to 7.15
m, indicates the existence of fresh granite layet thas Vs
between 2010 m/s - 2040 m/s.

. l’ | vsm/s

Figure 11: Shear wave velocity (Vs) profile at Ltioa 4.

Figure 12 shows the profile MASW in Location 4, lzasange
of Vs ranges from 300 to 2300 m/s and reached 8epthd
Location 4 consists of 3 main zones. The top zawe\s 300 -
800 m/s with an approximate depth of 1 m. Secontk4ws Vs
800 - 1400 m/s with depth estimation is 4 m. Thiedt@one has
Vs ranges from 1400 to 2300 m/s, this zone is dedeat the
depth of 5-8 m below.

8 Satose
—

Figure 12: (Vs) MASW Profile at Location 4.

A Locaton of 1.0 Vs Fratie Uses

4.5 Profile of Rock Quality Designation (RQD)

To obtain more effective RQDdiscontinuity (Figur)la total of
four discontinuity survey was conducted in the gtuatea.

RQDdiscontinuity value obtained from 98.63%, 98.3&%.03%

and 96.43% and has very good rock mass qualitydatdnin

accordance with Deere (1968). From study locatioa existence
of discontinuity represented by very hard soil arehthered rock
on the depth of 0.0-0.1 m. At the depth of 0.1-mh4it was

composed of fresh and a few weathered granite rocks

Rock Mass Quality
RQD (%) Location  Location Location Location  Discontinuity
4 2 3 1
0 50 100
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16
Legend: o essox)
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= e e i Locationl
I Locstion 3 B Good (75-00%)
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e RQDket3 kselanjaran ! Very Goed (90-100%)

Figure 13: Rock Quality Designation (RQD) measuneinag
Kajang Rock Quarry.

5.0 CONCLUSION

SASW data shown the subsurface layers of this stwely clearly,
which consists of hard soil, very hard soil, granibcks with
slight/medium weathered (0 - 0.13 m depth), anghfrgranite
rock (0.13 to 7.15 m depth). The result from MASWshVs
ranges from 400-1000 m/s, found at 3 m depth arideatlepth of
3 - 10 m has Vs ranges from 1000 - 2000 m/s. Adih of 10
m below, Vs ranges from 2000 to 2400 m/s. As theragye, the
value of fresh granitic rocks RQD survey line isé&%.
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Overall, Spectral Analysis of Surface Waves (SASavy
Multichannel Analysis of Surface Waves (MASW) meatho
helped to map the subsurface condition, espediatlyhe granite
rock area. Comparison with Rock Quality Designat{&QD)
data, the differentiation is not too much, mearss¢hmethods
become trustable to use.
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