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ABSTRACT

Tite siltstones ol'the Tisttrng Fornration are the majol source of concretc aqsregate in the KathrranclLr r,.aller,. A nulrLrer of
cluarries are operatir-rg in the valler'. cspeciallr in the vicinit.v of the r.-allLr Khola, tor ntolc rhrln tlrree de,:ajes. I{anciontlv
collectecl siltstone samples fi'onr both banks of the rr-allr-r Khola ri'ere stLrdied to reveal their petroeraphv end cheprical

ph1'sicallr', nrechan ical l1', ancl chernically sorirrd.

INTRODUCTION

Sevcral storre tlLrarrics are iu o1:rcratiun iit the Kathntandr-r
vallcy fbr rrore tltan three clccacles. Thcy are concentrated
mainlv in the Halchok, Sitapaila. anc'l Nallu Khola
(Tikabhairar') areas (Fig. 1). The Cambrian rocks ol the
Trstung F'onuarion (Stricklin 1980) arc ri,ell distributed in the
ricinity ol the Nallu Kirola, it.r the soLrthern part ol the
Kathnrandu valley (Fig. l). Among siltstones, sandstones,
ancl shales characterising the TistLrng Forntation, the
siltstones predonrinate in the Nallu Khola area. The
aggresatcs produced are suppiicd to the urban areas * ithout
anv technrcal specifications. Flence. this studv aiurs at
e r uir.ratinq thc suitabilitl' oi- siltstones lor cclncrete
aggrcir,atcs basccl on their rocli ntass characteristics,
pctrographic stlrdy, physical and chenrical durability, and
nrecl.ran ical propelties.

GEOLOGICAL SETTTNG

The Nai I Li KItola l lou s rtor.tlt rr ards arrci cun 1l r.tcnccs u i t h
the Leic Khola giving rise ro tlrc Nakhu Khola (l-rg.2). A
thick secluence o1'thc Ttstung Forrnation crops or-ll on both
banks of the Nalh-r Khola and on the uphill sicie oltl-re load
betr.r,een Tikabhairav and Nayzrgaun (SE of the stuciy arca).
Ger.rerally, beds strike NW-Sh and dip:lO"NE. ln the midclle
part olthe Nallu Khola area, heds are lbldecl and plunge cltrc
northrvest. Vertical laults trending NW-SE and a lcr,r'
lineantents arc also reported lrom the Nallu Khola :rrca
(Stocklrn and Ilhaltarai 1 9?7).

The Tisturrg Fornration consists ol ntcrliunt- to thicli-
bcdded. plrrtv to blocky, ancl li_sht bluish gre1, siltsronc u itlr
thin intercalations o1'sandstone and shale. Rhvthrlic clastic
sequences are obsen,ed in the lou,er, rnicldle. and uppcr parts
of the lbrmation. In the southeln regron of the study area
(locations 1.2.3.4; Fig 2). the siltstones are nteclilint- lo
thick-be dded, Iantinatcd. ancl liuht gre1,,. At Iocatirtn 6, strata
slrori' llning-Lrpu'ald scrple ltccs. and dip north-n estri.urd u'itlt
an arroLtr.rt less than ,15''. Thev are ntodelately to slightly
weathered, rnediunt- to thick-bedcled. and li_uht grey
(Fig. 3a). They often contain joints rvith plur.nose structures.
At locations 9, 10, 1 1. and 12, strata crtend to NE-SW ancj
dip 30" dLre NW. The erposure coniprises thin- to tncdiurr-
bedded, light erey siltstone (Fi-q. 3b).

ln the middle part of the study area, at locarions 13, 14,
15, and 16 (Fig.2), the siltstones are slabby ro nrassire,
u-redium- to thick-bedded, laminated, and light urey. At
present, the left bank ol the Nalh-r Khola is bcing mined
(Fig. 3c, 3d). At Sikharwa (locations I 7, 18, and l9; Fig. 2),
the strata strike NE-SW and dip 30-60" dLre NW. They are
thin- to n.redium-bedded. rroderately u,eathered. laminated,
and light grey.

a Quarry site

l-ll stuoy area

Kathmandu

Fig. 1: Maps showing Location of study area
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ln the northem part, at Tikabhairav (iocalities 20.21 and
22), strata are well exposed on both banks of the Nallu Kho1a.
The siltstones exposed there are medium- to thick-bedded,
slabby to blocky, and light grey (Fig. 3c). They contain
oscillation ripple rnarks and exl-ribit tining-Lrpward gradation.
At locations 23,24,25 and 26, strata dip northrvards at
30-40". Siitstones therein are sliglitly rveathered. mediutlt
bedded, and light gre1,.

On the right bank olthe Nakhu I(hola, about i50 nr

downstreerm flom tl.re bridge, a transitional contact betweet.t
the Tistung and overlying Sopyang Formations is obselved.
The Sopyang Formation contains thinly bedded and
laminated darl< grey calcareous slates.

At Tikabhairav, Kaphaldanda, and Babupakha, llr-rvial
deposits (i.e., the Chapagaon Formation) cover the rocks ol
the Tistung Formation. These deposits comprise poorly
sorted silty-sandy gravel, rnnd, and rnuddy sand.

METHODOLOGY

The study area was suneyed on a scaLe of 1:25,000 to
collect information on geological strr-rcture, lithology, and
rock mass. Representativc block sar.nples ( 1x I 0'r rnr) as well
as fragmented pieces (abor"it 2 kg) rvere collected 1iom 27
Iocations in the Na1lu Khola area. Tl-re investigation of
mineralogical and textr-rral properties of rocks rvas carried
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Quality of c'oncrete aggregctte fi'om irlullu Khola

Fig.3: Outcrops ol'rocks exposed in the banks ancl hill slopes ol'thc \:rllu Khola

out by studying the tliin sectious undcr lhe polarising
microscope. Frorr the block samples, separate cores \\/ere
obtained Ior determinirTg theil p1-rysical properties atld
durability lreasures. The tiagmented samples \\,ere utilised
in determining durability rneasures, shape paranterers using
arial ratios as u,ell as petrographic irnage analysis, aqgregate
crLrshing valtLe, and aggregate impact value. The data
obtained liom the petrographic study, physical and stiffness
tests, and durability tests were used to evaluate the
si ltstones.

ROCK N{ASS CHARACTERISTICS

The rocks olthe Tistung Fonr.ration contain tr.vo to four
sets ofjoints (Table l). In the southern part ofthe study
area, three sets are found. The southeast-dipping joints
predominate in these outcrops. In the rniddle region, the
siltstones contain fbur sets of joints and most of them dip
towards SW. The siltstones located in the northern part
contain only trvo sets ofdiagonaljoints. Joint spacing varies
from 5 to 30 cm (moderate spacrng) or 0.3 to 1 m (r,i ide spacing).

Joir.rts har.,e a r.vide spacing in the siltstotres at locations 3,4,
24 and 25. br-rt have a moderate spacing in other areas.

lvlost ol ti-re discontinuities are persistent. Their
roughness values lie u,ithin the range o1'6 and 12 on the
roughness scale of Barton and Choubey (1977). Their
roLrghness angle frequently ranges fror.n 2,' to 4,'. The
apertures of discontinuities range lrom 0.1 to 1 mm ancl they
are olten filled up with c1ay. The rock outcrops are faintly to
slightly u,eathered according to the weathering classification
olthe Geological Society olLondon (i970). Persistcnt and
closely-spaced.joints r.vith r,r,ide clpenings give rise to the lra-qile
rock mass. bLrt highly-spaced joints result irr nrassive rocks.

THIN SECTION STUDY

Tu,enty-seven rock specimens \,vere classified usir-rg the
Munsell color-rr chart (Anon 1991). Their cololrr was defined
in temrs of hue, value, anci chroma. Thin sections were
prepared from 27 rock specintens and lvere stained fbr K-
f-eldspar applying Chayes method (Chayes 1952), and for
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Tlble 2: Rcsults of analt'sis of thin sections of siltstonc
S:rrrrpl e ( oloLrr (hrrc/ r:rlue/ chrorrra)

Micro-
s trrrctrr r

I e\tu IC
( onrlxrs ition. '2,

Qrrartz Felrls llrr N'lic t I Ieuries Unidentified Cenrcnt Void
58 6/ ,iqht bllrish srer lvl as s ive lvlcclium silt J I 1 t6
B6/ I-ieht bluish crcr Mas s iv c ilt 78 1 4 ll
B6 Licht blu sh q fe\ vtx h,4 c r1 J I 9

1 B7 igh t blu sh l-css foliated lr,{ ed iunr s ilt 79 a 6 10

) B6t Lieht blLr sh I TC\ 1ir rine Silt 78 6 I1
58 6/ .iqh t blu Sh !l fL'\ .ess foliate Medium silt 65 2) J J 6

7 58 6t Lisht b[rish grel Mas s ive 68 l8 2 9 2
58 6, L-iqht bllris h u1'er We llfoli:rt oafs e E 4 2 2 )

I 586 Light blr-rish sler Well fbliatcd Fin e s ilt 8I l0 J J 2
0 --iB 6, sh bluish slev Massive 2A 1 J

iB6 sl rluish srev Coarse s ill 5 1 ) ll
t2 ;B 6/ h rlLrish sler as s lve oals 56 22 I 17

i5 B6 h blLrislr rr.: N, I ( ()iLr'e \ i11 is 2r I l5
11 )\ It ) 'alc )rown css foliated I ine s ilt S] J 5 2 5

18 ts61 Lish rluish srei Well fbliated Coars e s ilt 83 a 4 2
19 \ Yeilou'is h qrer M:rs s ir e c ilt 65 l5 l 2 15

20 B ish b lu is h grev Mas s ive Coarse silt 80 8 2

I Y8/ Ycllorvish grey oliated 'oarse sill 78 l l I

)) l0\R 7 Pale vel wish bror.r,r.i Mrs s ir Coarse silt 55 25 5 l r0
2l llrYIi l -+ Crcv is h r) r:ilr sc N,I as s ii,c I ne s 6s 8 I 8

21 lr - I iqh t blt is lr I Mi s rv Me 50 ]I l 1l
25 581/t isht blL lsh le\ ,OS S lbti :d Coalse s ilt 82 8 1

26 t0\G. 7 Pale yellou,ish brorvr Less lirliated q ilt 81 6 4 ) 2
)1 5YR 7/1 Lisht brownish srev Coars e s ilt 65 4 10 11 10
) IOYR 7 )aie yellorvish brou,n .ess tblia ed Fi 12 1 1 1

) \3.7/1 Light broivnish grer .ess {blia ea Fine s ilt 65 J 6 rl t4
30 ] OYR 'alc ycllor.r"is h bro* n -es s 1b lia d oarse s ilt 8t) I 5 8 6

Qtrality of concrete aggregate.fi-om Nallu Khola

Fig.,l: Photonlicrographs ofsiltstone; (a) luterlocked and elongate quartz grains and nlicas (location 9) and (b) interloclied
qu:rrtz gmins (Location l5)

s\\,e lling clay nrineral (snrectite) using methylene blr-re.

Composition of locks was detemined followlng the point-
counting method ol Blackburn and Dennen (1988). Their
colour, microstructure, textllre, and composition ale listed in
Table 2.

Most of the light bluish grey specilrens are fresh. Solre
s.urples sho\\/ pale yellou,ish brown and light brou,nish grey
coiours reslllted due to ferruginous cements and a few
altered grains. Siltstones are frequently massive to well-
foliated (Fig. aa) and sporadically less fbliated (Fig 4b). Their
grain size vanes fiom fine to coarse silt.

Quartz is the dominant mineral in all the samples, whereas
leldspar, mica, and heavy minerals constitute a minor

proportion. In sot'uc santples. mtcas (ntaiitiy r.tiuscovite)
represent around 20o%. \'here fi'esl-r authigenrc muscovite
displays sharp boundaries. The rock is normally fiee ofi.,oids
and cemented mostly by authigenic silica u,'itir sporadic
argil laceous and 1'erruginous lltaterial. General ly, subror-urded
quartz erains are interlocked. In sorne sectious, elongated
quartz grains are aligned parallel to the tbliation.

Most of the rocks are slightly foliated. San-rp1es 8, 9, ar,d
1 8 are u,e1l foliated, in rvhich qualltz- and mica-rich bands can
be distinguished. A high proportion of quartz with strong
siliceous cemcnt and interlocked grains ntal(e the siltstone s

indr-rrated.
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0.0
0.0

S/l =P
Fig. 5: Shape diagram indicating mean forms of aggregate
samples

SHAPE ANALYSIS OF AGGREGATES

Tl-re aggregates \\e1'e str-rdied for tl-reir shape tactor (F),
sphericitv (Y), rougliness index (Ru), roundness inder (Rn).
llakiness inder (FI), and elor.rgation index (EI). The results
are sunrmarised in Table 3.

Shape lhctor and sphericity

Based on the longest (L), internrediate (l), and sliortest
(S) dinrensiorrs of each grain, the shapc rvas quantilied in
tenrs o1'llatncss ratio (p = S/l)ancl elonsatlon ratio (q = I/L),
rvhiclr ransc ll'onr 0.6307 to 0 7491 and 0.6597 to 0.112.2.
respectivcll'. Shape factor (l-) rs the ratio q/p, and ranqes
lioni 0.95 to I .l ti in ntost of the saurples indicating their cubic
to disc sl.rape. Flou,ever, the plot of l'latness and clongation
ratios indicates that the aggregate grains are mostly of cr-rbic
shape (Fig. 5).

Sphericity u'as calculated using the flatness and
elongation ratios (Janoo 1998) as giverr belorv.
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It ranges trom 0.863 to 0.926 (Table 3) and shori's that
the grains possess high sphericity.

Iloughness rnd roundness

lLoughness and roundness indices ofJanoo ( I 998) ri ere
nreasured using the contputer softrvare NIH Scion Image
Analyser and ,.,, ere calculated from the tbllowing relations.

Fig. 6: Determination of peritneter and area ol'a grain.
Sample 26 shorvn as an example.

Ru= P/Pc

Rn::l.n.A/pr.100

rvhere Ru is roughness index, Rn is roundness index, A
is area of particle, P is perimeter, and Pc is conver pcrinrr-rer
(Fig.6).

For a sn.rooth r.naterial, tl.re roughness index ecprals unity.
As the roughness increases, the roughness inder also
increases. ILough aggrcgates arc dcsirable bc'caLrsc thcir
rvorkability'*'ith ccntent is good (Kaplan l9(r I : Ncr illc 199(r).
The ror.rndncss irrdcx ot'a perf-ect circlc is 100. As the ntare rial
beconres an_sular, the roLrndness index decreascs (.lanoo
1998). Rounded aggregates produce significantlv higher
permarlent defon.r.ration than ar.rgular ones. Rounded particlcs
easily slip u'hereas angular ones have to overcome higher
liictional forces at contact intcrfaces during conrpression
(Holtz and Kovacs 1981). Internal fliction ansle increases
n'rth increasing angularit_r'and sr-rrlace roughness (iloltz and
Kor acs 1981).

The roushness inder ofsiltstone grains ranges from 1.1 9
to 1.30, nhereas their roundness index varies from 49.11 Io
58.62 (Table 3). Most of the aggregate grains shou,relatively
high roughness and moderate roundness.

Flakiness and elongation indices

Flakiness and elongation inclices rvere cleten'r.rine.d using
the n-rethods of deterntining particle shape by Britislt
Standard Institution ( 1 975; 1 989). For deternrining tlakiness
index (FI) and elongation index (EI), eleven a_rrgregate
sarnples, eacl.r rvith 50 grains rvere used. For EI, the aggregate
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o1'size l0 to l4 nrnr li,as u,eighcd. 1-hc augrcgate \\as Irlssc(l
througl.r the lengtir gauge of w idth L l .6+0.2 mm, such that
the greatest grain dinlension r.vas aligned along the nvo pins
of the gauge. The fraction, ri,hich did not pass through the
galrge. rvas uei-9hed. E,l rvas calculalcd as

u,=i; rooe,;

ulrere "), is ri'eight of the li'actron not passing through the
lei'rgth garuge. and r, is the u,eight ol'the test samplc.

l"l rvas detelnrined using the thickness gauge of length
26.4 rr,m and li,idth 6.6 mm. For this test, the aggregate san.rple
of size 9.5 to i3.2 mm was u,eighed. Each aggrecate grain
u'as allou'ed to pass though the thickness gauge. The
tiaction. rihich passecl throrLgh the slot, u'as u'eiehed. FI
u'as calculateci as bcloii,:

1007;

'uvhere -t is ri'eight ol the liaction passing throLtsh the
tlrickrress gauge. and rl is the r.r c'i,,hl of the tcst sanrple.

A lor.v pelcentage of FI shor s that tl.re aegregates contair.r

only a t-eri' t'lat qrains. The high percentage of EI indicates
the presence ola small number of elongated grains. In the
studied samples, FI rar.rges lrorn 111 to 22oh and EI varies
fiom 40.87 to 83. I 7% (Table 3) indicating that there are not
nrany llat or clongalcd grlins.

DRY DENSITYAND \\ATER ABSORPTION
VALUE

'Ihe phl,sical properties ofaggregate, such as dry density
(p0,,) and watcr absorption r,'alue (WAV), rvere measured. Dry
density and WAV rvere determined for cylindrical saurples
according to calliper and saturation method (ISRM 1979).

Quality oJ concrete aggregctte.fi'om Nalltt Kholo

'l 
he ilry clcnsity o1'saurltlcs rrnscs fionr l l2(r kgirr' t<r

27-15 kg,nrr n,ith an averaqe r alue o1'258-5 kg/ntr. N,lost santltles
bear less than l% WAV (Table 4). thr-rs shou,ing very lorv
effective porosity. Only ferv siltstones liom the nofih of the
str-rdy area contain WA\r betrveen 1.0 ar-rd 6.6 %. The dry
densitv valLres inclicatc thirt the siltstones arc rrucl.r denscr
than Irqhnvcieht agurcgates. Lor,v WAV indicatcs lor.r,

accessibilitl, fbr u'ater tr) pass through the intact rocli.

Stiffn ess

Stithiess ol aggregate grains was cvaluated based on
Schnriclt harnnrcr test. incluration, aggregate crLrshing value
(ACV), and aggregate impact value (AlV).

Schmidt hammer test

Schmidt rebound hantnter test was carried oLrt in in-situ
siltstclnes using an L-t1,pe itamnter. Out ol20 obserr a[ions"
the hrglrer l0 r,alLrcs \\'erc avcrased and taken as tlic Schrriclt
hamrrrer valLre (SI{V), ri'hich ranges iiom 32 to 56 (Table,l).
The SH\is u'ere used along rvith tl-re density of samples to
derive the unconfined compressive strength (UCS) according
to Deere and Miller ( 1966). The UCS ranges from 45 tc 180
NIPa. u hich indicates that the siltstones belong to ntedir-ru'r-
to high-strcnsth rocks.

Induration

Induration indicates the degree offieshness or stiffness
of rock or rock rnaterial. The indr-rration of intact rock
specirtren rvas measured follorving Larsen et al. ( 1995). Most
of the samples 1'all on H.l (i.e., strongly induratcd) and II5
(i.e., r'ery strongly indurated). and a f-ew on I I3 (i.e., indLrrated)
categories. The strongly to very strongly indr-rrated santples
are compact and u,ell interlocked.

Crushing and impact values

Aggregate crushing i,alue (ACV) ar.rd aggre_uate irnpact
value (AIV) were determined using a compression testing

ar- r
tf

Table 3: Results ofshape analyses ofaggregates

Sample

Parameters liom axial ratio measurement Parameters ti'om image analysis BS8I 2

p q F Form Y
P

pixel
Pc

pirel A (sq pixel) Ru Rn w(' Er(%)

1 0.61 0.70 1.0_5 cubic 0.879 70.il 51.26 207067.8 r l) s3.31 t6.1 59.6

2 0.66 0.11 l.ti disc 0.891 67.06 52.13 1 8i368.32 .27 5 r.91 22.1 a ).,1

5 0.73 0.12 0.99 cr"rbic 0.91 I 74.42 62.8 i 25501 8.29 t9 -58.62 22.9 68.1

6 0.66 0.66 1.00 disc 0 863 81.02 65.07 )66679.22 .24 5t.'72 r 8.9 579
9 0.75 0.12 0.9s cu bic 0.909 65.9 l 53,56 Iil 637.40 .23 53.2i 18 8 827

10 0.73 0.70 0.96 cubic 0.898 '75.90 61.57 215215.0-l .23 49.77 r9.5 s4.4

lt 0.75 0.1) 0.91 cr.rb ic 0.905 71.53 is.0l 102 I 57.86 .23 s0.3 4.5 596
t7 0.61 0.75 r8 disc 0.E78 75.50 61.21 1i9727.8i L) 53.54 7.2 +6.d

20 0.1t 0.11 08 ctrb ic 0.905 15.39 60.88 238449.4 I a^ 53.41 5.9 64.0

21 0.71 0.11 09 cubic 0.9r8 70.41 55.14 1 95682.03 30 50.25 1.3 66.9

.z) 0.65 0.70 03 disc 0.916 73.60 60 26 125 1 33 22 22 .52 9r 8.0 40.9
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rnachine and a hammer. respectively lblloq,ing ASTM ( 1979).

ACV provides a relative measLlre of resistance to crttshirrg
under a gradually applied compressive load. To acliieve ir

good qr-rality of agglcgatc. lorv ACV is pret-erred (ASTM
1979). ACV uas obtained usir.rg the equation:

ACI' =lI'2 ,loo'%
It't

uhcre Wl : total iveight o1'test santple (g) and W2:
u,eight of aggregate passing.1.7,5 mrn sieve aiier the test (g).

The ACV of siltstones rangcs from 22.13 to 3 1 .96% (Table

4). It is satisfactory fbr r"rsing as the concrete aggregate, bllt
thc de sirabie vitlue is < l6% tbr road pavet.nertt design.

AI\/rr'as calcLrlated using 1he lbllorving equation:

,,uL'-lDx1o()%
u'1

u here W I - ri eis,ht of original senrllle and W3 - \\'e ight c)l'the

1l'action at'tcr the tcst, passin-l throLrgh 2.36 sieve.

Hobbs (1964) related AIV rvith comlrressivc strcngth to
classifl, rocks rvith respcct to thcir toughness. Thc AIV o1'

siltstones ranges tiom l3.75 to 19.,5%. uhich bclongs to the
desirable range (10-207o) according to ASTM ( 1979). This
range also indicates that all the aggregates tested are strons
(Hobbs 196"1) and are resistant to in.rpact. Therefbre, these
are suitable lbr pavements.

DURABILITY

To el:rluate chen.rical and mechanical dLrrability of
aggregates against \\'eathering, ethylene ul1,col soak test.
nretil'lene blr,rc absorption test, and uragnesiLrm sulphate
sour.rdness tcst wcrc pcrfbrmcd.

Ethylene glycol soak test

Ethylene glycol causes rapicl exparlsion o1'srvellinq ciar s

by penctrating intcr their lattice. The core sarnples u'ere
inrnrersecl in cthylcnc gllcol lilr 30 da1,s. Thcn. a ilcgrcc of
disintcgration ancl tinrc lcquircci to approach the worst

Table 4: Physical properties, stiffness measures and durability of siltstone

Sanrple

I'hysical propfties Stilfness nleasrrrcs Durability rneasurcs

WAV l)n dcnsitl'

Kg/nr-l

S LI\' Lr('s 1

Il pa

Inrlu rrtiorr: ACV AIV S I'I N,II}A\/ MSV

I 0.7 1 2550 48 25 H4 23.3 4.9 0.25

2 0.22 2683 4'7 13 H1 15.+ 3.8 % 1 3.6

-) 0.40 21 40 48 25 H3 23.1 5.0

4 0.40 2607 +l l3 H1 23.8 5.4 o//o

5 0. 19 225 3 48 25 t-{ 3 22.1 5.0 % t3

6 0.31 2619 50 40 I I-1 22.'1 4.J /a 0.4

0.17 2700 46 00 H4 6i %

9 0.5 7 2664 46 00 FI,l 22.s 3.8 % 2.06

10 0.52 27 1l .+9 32 H3 23.0 4.1 0.11

ll 0.3 0 2651 5l 4'7 H5 22."7 4.1 % 0.3 3

l2 0.20 21 44 5l 47 H-1 2?,.6 4.6 /o

13 0.63 21 45 56 80 H3 21 .2 4.'7 %

14 0.20 2739 52 50 H3 l).J 5.5 /o

15 0.22 21 49 ,10 15 H3 25.2 7.4 /o

11 0. l8 2493 38 10 H5 25.4 1.2 /o 0.62

18 0.26 2650 39 13 H4 25.3 1.t %

l9 2,70 15 70 34 56 H3 28.3 9.,s %

20 1.87 247 6 32- 50 Hrl 26.1 8.1 % 0.59

21 1.86 253 8 29 45 H3 )1.1 9.5 % 0.48

22 3.31 2"1s 1 43 9tl H3 25.i 5.0 /o

L) 6.60 2126 4'/ l ll H3 2t.8 5..+ /o 0.5 3

24 1.30 2596 43 90 HJ 5.5 %

25 0.60 ?1 | 12 85 H-+ 2,+.8 6.6 %

26 r,36 2641 t2 50 H] 26.1 8.1 %

27 t.23 25.+8 33 10 H5 1.2 /o

28 2.18 21.+ 7 35 58 H4 25.8 '7.1 %

29 0.11 263 8 10 l5 H5 25.2 1.0 /o

2.96 2433 38 70 H.1 25.4 7.2

!Estincrtetl trsing churt o.f Deere ond rniller (1966), )Larsen et al. (1995), Hl-lndurated, H1-Stronglf indurated. H5-Very

strongl.t irdto"ated
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conditiolr \\crc rccordecl (Haskins and Ile ll 1995) to obtain
tlre'soal< tcst index (STI). The inder ri as eclr-ral to I litr all thc
sarrrples. It shoned that the sanrples are Lrnuf-lected by
ctlrylcne glvcoi. u hicli is explaiued either by a lou'proporlion
o1'su,elling clal's or their lor.v effcctive porosity. Therelbre.
tire samples are quite resistaut to chentical weathering.

Nlethylene blue adsorption value (I{B.{V)
In this test. tl.rin sections of siltstoncs u,ere treated rvith
methy'lene blue solr.rtion (0.5 g methylene blue - 125 nTl

distiiled watcr + 125 ml etl'ranol). TIte assuniption made rr,as

that su,clling clays are affbcted bv the n.rethylene blue
becnuse of.cation exchange capacity (flang and Brindley
1970). A per cent count olarca occupied by blue clye in the
thin scctions (i.e., N{BAV) t',as deterr.l.rir.red under a polarising
nricroscope. As the value u,as lcss than 1%, the samplcs
contain a negligible allount o1'sri'clling clays.

\lagnesium sulphatc value

lVIa_gnesiunr sulphate valr-re (l\{SV) is lhe rneasure o1-

sounclness o1'aggrcgatc. Thc aegregates of size 10-1.1 mnr
and o1'rvcight.+25 + 5 g \\'ere rntr.nc'r'scd in the ntrr-rinesiunt
sLrlphate solurion of density I .291-0.008 g/ml lbr 48 hours
ancl w,ere subsecluently dried otit. The process u'as repeated
tirr llve tinies. N{SV u as calculatecl as belorl,.

RoLrndn

Folm/s hericin,

Irlakincss index (FI)

L:longat ion index (El)

Weathelin

dens it1'

ACV

AIV

MBAV

Qtrality of'concrete aggregute fr.ottt Nullu Kholtt

iIISI = 
( I/1---Y2- 

1 911"r,.\|

r.vhere NI 1:initial mass of the test specinten ancl l\,{2: tlie
mass of the specimen retained on 10 mrn sieve alier the llllh
cycle.

An MSV greater than l5% implies fiost susceptibility.
Sirrce IVISV r,aries fiorn 0.21 ro 13.64% in the tesrecl sanrples,
thev are tiost resistant.

SUITABILITY OF SILTSTONES

Table 5 presents a comparison of the obtained lest resuits
rvith the dcsired indices. The siltstones fiont lttcations l5 to
22 and 2.1 to 30 possess slighrlr,hieherAC\'an(l .\lV lower
SHV and UCS. ancl hishcr \\/r\V than tlrc resr (i.c-.. iocations
I to 1.1. ancl Ii ).

The terture ol-agsregate srains is angular and roLtgh. Thcir
Irl is high and FI is lolv, indicating that thc srltstone-s grr e risc
to a lou, amount o1'flat and elongate grains u,lten crusheci.
The siltstones therefbre have good r,r,orkabilitv r.r'ith ccmenL.

Thc siltstones bear less than .l% \\t\V indicating r er_r'

lou, eftectiVe porosity that prevents thc sol!ents fiont
penetrating rnto them. Dry clensrty ol siltstones lies ir.r the
intermediate-rveight range (betr.veen 2000 and 3000 kgimr).

Remarks

i\ngrrlar ri ith ro sLll1ace te\1LL|e

I-otv antoLtnt of llate ic les

Lorv anrount ofe ic Ies

Rocks ale rrearly ll'esh

lndurated to strongly indr.rrated rocks

Lou, oros,tv

Medir-rm weigltt

M edium to high strength rock

Strong rock

Highly resistant to chemical r.veathering

Sound and low amount of

UCS

rock

Table 5: Evalutation of siltstone the Nallu Khola area

Desirable value Obtained value

A ngu lariror-rgJr

cLrbic to hladecl and lrigh sphericitl,

40.87-Si. l 7

FI3 to H5 indLrlateil to

very' stronglf indr-rlated

< Io% to 50,/o (<3% reasonable 0.20-3.179.6

2000-i000 Ks,,'ml 2t26-2115

110-221N,lpa (hi 45-180 Mpa

55-110 Mpa (medium strength)

<160h to 250 22.027-28.3%

I 0-20 (strong rock) t3.'7 5-19j%

l: no obvious eff-ects w,ithirr 30 davs

2 - rrinor spallingol-particles

bet',veen 2l arrd 30 davs

t-13.64%MSV

t75

Resistant to freeze and thaw
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'l hc sillst()nes erc ncut-lt licsll to lrrirlLll'u'catherctl. as

intircrrtcd I,r,clusscs Ib lnd ll irr'l rhlc l. -l-hei'llllbe'tuccn

I Il lo I I-s cutcqorics ol'irrrlrttlttiort ( I'ehlc 4). LJCS I rrlLrcs shorv

tlrlt tlrc siitstoncs lrc o1'tttecliltrrr to Itigh strctlstlr. AL'\i ancl

.\l\/ olsiltstones also ittdicatc thet thct'are slrolls rt)cl{s.

S'l"l ancl \1S\j olthc siltstoncs are 1 ancl less than 159/o.

lcspcctivelr. The'se paral't'tclers ittdicate that the siltstt-'tles

Llrc rcrsistirrt to chenrical aitcl tlcchanical ueatheltng.
Snril:irlr. \1B\\'shor','s that the sriellirtg clav i) fr(\erlt irl
ln insignilic:r1rt anorrnt, altcl tlterelore the lock is also
resistiilrl to sn cllrng.

CONCLUSTONS

'l'hc siltstones ti'orn tlte Nalltr i.'hollt areil ilre firrrltll tr.l

sliehtly' \\ crrthcrc(l ancl ltosscss I trt J st-ts tli.jtiirlls. -l-1lc

.illstoncs lrr.e nrcrlrLrru- to c(liltsc-gl'itirtctl. clLtltrtz-lic]i. lltlcl

tltcit gt liirts ltt-c itltcrlt,cl'ctl bv silrccotLs ce lllcllt. Tllcv colltltill
:onre nLLLhigcnic nrtclts also. 

-l ltc itsgrcgatc gt-lttlls dcrir ccl

1r'onr crLrshing ut'c aJnrost cubic irt slttrpg. '1-11aY atc rottgll
rin tl lrrr gu lul u i th utrocl ri'orkrrbi I i ty' Iotctlti lIl.

-[hc 
ilcgrce of indttratiorl. UCS..\C'\i arlclAIV oltiie grains

slrou, tliuL thc siltstones arc nr!'chanicaill' sou11d. The)'
l.rcloirg to nrcdilLt.u-ii ciglrt aggrcgrtcs. Lou'WA\''. S.II. 11B,\\r
lncl l",lSY o1'the siltstones inciicaLe thlt tlic rocl< i: rL'iistxnt
to h'ost ancl chemical u'eatitcling. .\s tl.tost of ti'lc obtained
r elr,rcs lrorr cliltrcnt tests arc u itlirrt thc clesireblc iinlits. the

srltstoncs u.c appropriate tbt' coltcretc aggregatcs.
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