Geolo Soco Malavsia, Bulletin 16, December 1983 pp. 179192

Potential and properties of
some rock aggregrates in Sarawak

DiNis NK. Tax
Geological Survey ol Malaysia. Kuching

Abstract:  The potential For stone quarries i Sarawiah is discussed. Results ol laboratory
imvestigations into some of the engineening propertics ol rock ageregates from 63 locations in
Surawak are presented.

INTRODUCTION

The Geological Survey. since its inception in 1949, has carrvied out a large number ol
imvestigations of potential quarry sites in Sarawak (GSKL 017). Many ol the quarries
operating today resulted Irom these investigations. These investigation reports are
unpublished and onlv available in the Survey library for reference by the public.
Summaries of these reports are published occasionally in the Department Annual
Reports. and in the various Memoirs and Reports covering specilic arcas. The purpose
of this paper is to make some ol these information available to the public.

The total production ol stones in 1980 was reported Lo be 1.085.400 m* worth about
MSTO.2 million. Since 1975, the Geological Survey and the Central Materials
I ahoratory of the Jabatan Kerja Raya (JKR) have investigated the physical and
mechanical properties of aggregates [rom the existing quarries as well as some of the
potential quarry sites (Tarmac, 1974). The results of these investigations are compiled
and reviewed in this paper.

GENERAL GEOLOGY

Woost Sarawak. west of Batanye Fupae, Torms part ol the West Borneo Biasement.
['his Basement is built up ol Palacozoic and Mesozoic rocks but, in west Sarawak.
these rocks are concealed. in places. under a thick cover of Tertiary strata. The oldest
rocks are considered to be the pre-Upper Carboniferous schists and Phyllites.
Succedding sedimentary formations include Upper Carboniferous, Lower Permiun,
I'riassic, Upper Jurassic. Cretaceous. and Lower Tertiary strata. Intrusive granitic
rocks are mainly contined to west Sarawak. The oldest granitic rocks are the pre-
Triassic granite-granodiorite at Gunung Jagoi and Gunung Kisam. Voleanic activities
during Late Triassic gave rise to the basalt and andesite lava. and associated
agglomerate and tulT of the Serian Volcanics. and minor dioritic intrusions. The basic
voleanic and intrusive rocks in the Serabang and Sejingkat Formations. the minor acid
voleanic rocks in the Peduwan Formation. the extensive. feature-forming adamellite at
Puch, Gading. Tanjung Datu. Tinteng Bedil and Buri. the Scbuvau granite-
granodiorite. and the gabbro at Sematan resulted from 1gneous activities during
Jurassic to Late Cretaccous. Tertary igneous activities resulted in the widespread
intrusions ol stocks. dikes and sills of hypabyssul igneous rocks throughout west
Sarawak.
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Central-North Sarawak. east of Batang Lupar. is underlain by mainly regionally
metamorphosed  and  unmetamorphosed  sedimentary  rocks ol Cretaceous to
Pleistocene age. The oldest igneous rocks ure the gabbro. basalt and spilite of
Cretaceous age in the Lupar Vallev. The next phase ofigneous activity occurred during
late Eocene-Oligocene resulting in the granodiorite-granite-granophyre stock at Bukit
Piring. and the andesite and rhyolite tultin the Arip Valley. The last phase olligneous
activity took place in Pliocene-Pleistocenc times giving rise 1o dacite. andesite, and
basalt lavas and pyroclastics. and associated minor microtonalitic stocks i the Upper
Rajang and Tinjar area (Tan, Kho & Hon. 19X1).

STONE POTENTIAL

IFollowing the British Standards Institute of Group Classification ol Aggregates
(B.S. 812: 1967). 6 groups of rocks are quarried in Sarawak. [gneous rocks such as
intrusive rocks (Granite. Porphyry) and volcanic rocks (Basalt) are generally good
quality rocks suitable lor use as roadstone and concrete aggregates. Sedimentary rocks
such as himestone (Limestone) and well-cemented or metamorphosed sandstone
(Gritstone. Hornlels) are moderately good quality stone and may be satistuctorily used
as roadstone and conerete uggregales.

The stone potential in Sarawak is closelv related to the regionul geology. In west
Sarawak. i.e. Ist Division and the part of the 2nd Division west of Batang Lupar. there
is noshortage ol good quality stone. lgneous rocks. both intrusive and extrusive. occur
abundantly in this area and have not been fully exploited. Operating quarries like Ang
Cheng Ho. Stabar, and Semengo are producing good quality stone from the Tertiary
microtonalite: Sebuyau quarry is producing excellent quality stone from  the
Cretaceous granite: and Stebun and Ensabang quarries are producing good quality
stone from the basalt and andesite of the Serian Voleanics. In addition. several areas
with large stone reserves like Pueh. Gading. Stigang. Serambu. Grogo. Jagoi. Sibanyis.
Semuja. and Muhoi i the Ist Division. and Triso. Mambai. Lintang, Tunggal.
Tabong. Klambi. and Balang in the 2nd Division are known but have not vet been
exploited. except for Klambi which was quarried unul 1979 by JKR. In the Ist
Division. the Bau Limestone has widespread distribution but has not been fully
exploited. At present. only 3 quarries, viz. Sin Seng Ann. Paku. and Poh Kwong. are
producing from this limestone. Arcas with large reserves ol limestone like Skunyit.
Buh. Berinis-Serapat. Akut. Serabu. and Mentawa are known.

Central-North Sarawak suffers an acute shortage ol good quality stone due to the
unfavourable geology. Stones produced in this area are mainly good quality limestone
from the lfollowing quarries, viz. Sckaloh, Niah. Garugok Batu. Selanyvau-Upak. Holly
Stone. and Betoh: moderately good quality sandstone [rom the Mile 22 Bintulu
quarry: and moderately good to poor quality sandstone rom the Mile 45 Oya and
Sehankoi quarries. As a result of this shortage of good quality stone. the demand for
constructional stone in certain parts ol this arca has to be met from river gravel and
terrace gravel deposits, c.g. Limbang. Lawas, Sibu and Sarikei. although some igneous
bodies are found in the 3rd and 7th Divisions. except or the ones at Piring and Arip.
the others are too remote to be exploited at the present time. The Piring and Arip
igncous rocks are close to the Sibu Binwulu road and can be exploited economically to
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supply the acute needs in the Bintulu arca. The gabbro. basalt. and spilite at Bukit Batu
are close to the Lubok Antu road and represent a source ol good quality stone.

Due to the unfuvourable geology in Central-North Sarawak. limestone and
sandstone are expected to continue to be the only locally available constructional stone
in this arca. Limestone. however. is of limited distribution and is restricted to a lew
areas like Niah and Batu Guading. and limited reserves are known in the Sibuti area.
Thus. the only locally. widely available constructional stone is sandstone. Although
gsenerally not as good as dgneous rock and  limestone.  well-cemented  or
metamorphosed sandstone 1s a moderately good quality stone suttable for most road
and concrete works. Test results on many sandstone samples (rom the various Tertiary
formations indicate that the sandstone. when fresh. is a moderately good quality stone
sutisfactory for use as roadstone and aggregate.

During the period 1968 1980, a total of 27 quarries (13 private and 14 JKR) were in
operation throughout the State. In 1980, however. the totul number ol operating
quarries dropped to 210 of these 10 were operated by Government organisations,

LABORATORY INVESTIGATION PROCEDLU RES

Laboratory investigations ol rock sumples are designed to test their strength and
durability. The standard tests carried out by the Central Materials Laboratory of the
Jabatan Kerja Rava are the Crushing Value. Impact Value. Abrasion Value. and a
determination ol the Specific Gravity and Water Absorption. In some cases.
Soundness Test and 10", Fines Test were also carried oul.

Aggregate Crushing Value:  The A.C.V. gives a relative measure ol the resistance of
an ageregate to crushing under a gradually applied compressive load (B.S. 812: 1967).
This test is normally carried out on matenal passing the |2 inch (12.70 mm) and
retained onthe 3 8inch (9.52 mm) B.S. sicve. A 4-inch deep bed ofaggregate in a 6-inch
diameter mould is submitted to a gradually applied load of 40 tons over a period of 10
minutes. The load is then released and the amount of material passinga No. 7 B.S. sieve
(2.40 mm) is determined. This weight. expressed as a percentage ol the total weight of
the sample. is termed the A.C.V.

Ageregate with an A.C.V. below 30" s regarded as suitable Tor use in airlield
pavement and road. and below 35" “as suituble [or use in conerete wearing surlaces.

107, Fines Test: The "10" fines value” gives & measure of the resistance of an
aggregate to crushing. and is applicable to both weak and strong aggregates. This testis
performed on the 3 8 | 2"aggregate. 4 inches deep in a 6-inch diameter mould. A
load is applied and increased until 10" by weight ol lines is formed. The load required
to produce 107 of fines is the "10", fines value’,

Aggregate for structural concerete should have a 107, fines value of not less than 3
tons. and for concrete wearing surfaces, it should be not less than 10 tons (B.S. 882:
1963),
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Aggregate ImpactValue:  The ALV, gives a relative measure of the resistance of an
aggregate to sudden shock or impact. The testis carried out by subjecting an aggregate.
which has been sieved through 1,2 inch and retained on the 3,8 inch B.S. sieve, to 13
blows ol an 3031 Ib hammer [alling through a height of 157 (B.S. 812: 1967). Alter
impact. the material passing the No. 7 B.S. sieve is expressed as a percentage of the total
weight of the original sample and termed the A.1.V.

For structural concrete, the aggregate should have an ALV, of less than 45"
for concrete wearing surfaces. an ALV, of less than 30", (B.S. 882: 1965).

and

Modified Aggregate Impact Value: Thisis not an accepted standard test. This test is
the same as the ALV, test except for the following modifications:

(1) the aggregate is soaked in distilled water for 24 hours and then surface-dried
before the impact test.

(i1) after impact, the aggregate is oven-dried for at least 12 hours before sieving.

Los Angeles Abrasion Value: This test is designed to measure durability of an
aggregate against abrasion. A specified quantity of aggregate is placed in a 28-inch
diameter by 20-inch long cylindrical drum mounted longitudinally on a horizontal
shaft: fitted to the mside of the drumisa 3 1 2-inch wide shelf running from one end of
the drum to the other. After adding a standard charge of steel balls. about 1 7 8-inch
diameter. the drum is rotated at 30-33 r.p.m. for 500 revolutions. The aggregate is
sieved through ASTM No. 12 (B.S. No. 10) sieve. The amount passing this sieve.
expressed as a percentage of the total weight of the original sample. 1s the L. AAV.
(ASTM CI131).

The L.ALAV, value of an aggregate for use as surfacing roadstone should be less
than 40", . and for use as crushed base and structural concrete. it should be less than
30°,.

Specific Gravity: The aggregate is soaked in distulled water for 24 hours. and
weighed in water at the end of this period. It is then surface-dricd and weighed in air.
oven-dried for 24 hours, and finally weighed in air (B.S. 812: 1975). The apparent
specific gravity S.G. is given by:

Wo . . . L
—. where Wo = weight of oven-dried sample in air

SG.=———
’ Ww — Wy

Ww = weight of saturated sample in air
Ws = weight of saturated sample in water.
Specilic gravity of an aggregate is an important factor in the design ol some

engineering structures, ¢.g. wharves. The specific gravity is a useful index of rock
quality, and can indicate the degree of weathering or chemical alteration of the rock.
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Water Absorption:  The water absorption ol an aggregate is usually determimed m
conjunction with the S.G. determination. The water absorption ol an aggregate is
determined by measuring the increase in weight ol an over-dried sample when
immersed in water or 24 hours (the surtace water being removed ) (B.S. 812: 1967). The
W.ALIs given by:

: (Ww — Wu) , ; ; -
WAL= 100 W swhere Wo = weight of oven-dried sample in air
A8

W = weight of saturated sample i air

For use in surfacing airfield pavement. an aggregate should have a W.A. ol'less than
50

Sodium Sulphate Soundness Test:  The sodium sulphate soundness test is designed
as an accelerated durability (weathering) test under simulated weathering. Crushed
aggregates are sieved to provide specified quantities of several size fracrions. The
vraded aggregate is subjected alternatively to immersion for 16 to I8 hours in a
solution of sodium sulphate at a temperature of 70° £ 2°F.and then drying in an oven.
This procedure is repeated 3 times. The reduction in size of the particles as shown by
sieve analvsis after 5 cveles of exposure denotes the degree of soundness (ASTM C8S-
Tla).

In aggregate lor use in road and airfield surfacing. and in concrete. the value of this
soundness test should be less than 12", and in crushed stone base for road and airfield,
this value should be less than 207,

DISCUSSION OF TEST RESULTS

The limits of the various parameters [or stone aggregates acceptable to JKR are
given in Table 1. The test results for various rock types from 63 locations in Sarawak
are given in Table 2. and the locations ol these samples are given in Figure |. Table 3
shows the average test values for the various rock types and their range ol values.

Microtonalite and limestone are the most important construction aggregate and
roadstone in the State. It can be seen rom Table 3 that the microtonalite and limestone
have values generally within the acceptuble limits shown in Table 1. except that the
A.C.V.and W.A. values of some ol the aggregates are higher than that required lor
airfield pavement works. The Triassic volcanic rocks have values well within those
acceptable to the JKR. The sandstone shows a wide range ol values although the
average values show that most of the sandstone are acceptable for roadstone and
concrete works but not airfield pavement works.

The distribution of the range of values of the various rock properties according to
the main rock types are shown graphically in Figure 2. and the relationship between the
various rock properties in Figure 3.

The flukiness index and polished stone coeflticient do not form part of the standard
tests carried out on the aggregates. However. limestone has a low laboratory-
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TABLE 1

TEST LIMITS OF STONE ACCEPTABLE TO JKR

Acceptable Limits
Hoad Pavemant Arfield Pavement Concrete
Parameter
Crushed
Surlaing Surfacing Stione Pavement Structural
Base
[
Aggregate Crushing Value 2 " M Max J0% Max 35% Max
Aggregate Impact Value | i - - - 0% Max L5% Max
Los Angeles Abrasion Value A% Max W Mo
Water Absorption - | =0 - -
Soundness ol - Agprequre 2% Man | 20% Max | 12% Max | 20% Max 12% Max 12% Max
{5 cycles with sodium sulplate solution) - o s - .
|
10% Fines Value s BN D T = - - 10 tons Min, | 5 tons Min,

(Figures supplied by [KR® Sarawak}

determined polished stone coefficient, and it has been fairly well established that many
skidding accidents had occurred on polished limestone road surfaces (Ting & Chew,
undated). Therefore, the use ol limestone in bituminous wearing courses is not
encouraged. Another problem with limestone is its low resistance Lo attack by polluted
waters. Due 1o this susceptibility to chemical attack. the use of limestone in concrele
aggregate for substructure and foundations, and in superstructures liable to chemical
attacks is not allowed by the JKR in Peninsular Malaysia (Ting & Chew, undated).

CONCLUSIONS

There is no shortage of good quality stone in the west Sarawak region. wes! ol
Batang Lupar. In this arca. there were 12 operating quarries in 1980: 4 were quarrying
microtonalite. 3 were quarrying limestone, 2 were quarrying basalt-andesite, 2 were
quarrying metasandstone, and | was quarrying granite. 27 potential quarry sites with
considerable stone reserves had been investigated up to 1981, In addition. arcas with
large reserves ol good quality stone are known. in particular the various outcrops ol
both intrusive and extrusive igneous rocks, and limestone ol the Bau Limestone.

The Central-North Sarawak region, east of Batang Lupar. remains a problematical
area for good quality stone. In 1980, there were 9 operating quarries. Six of these
quarries were working on limestone: of these 3 were located at Gunung Subis, 1 al
Sibuti, and 2 in the Batu Gading area. The other 3 quarries were in sandstone. Other
than these 9 quarries, a number of gravel pits exploiting river gravel and terrace gravel
were operating in the 3rd, 5th, and 6th Divisions. Good quality stone rom local
sources is expected Lo be in short supply. The only easily accessible sources of good
quality stone are the igneous rocks at Piring. Arip and Lubok Antu. and the limestone
in the Batu Gading area. Sandstone appears to be the only readily available local
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source of constructional materials in many areas. The thick-bedded to massive
sandstone of many of the Tertiary lormations has been tested, and found to be of
moderately good quality suitable for use as roadstone and concrete aggregates. Thus
the sandstone, when fresh, may be a source of moderately good quality stone to supply
the needs in such areas. 25 potential quarry sites with moderate reserves of stone had
been investigated in the Central-North Sarawak region.
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