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PLAN OF MUGLING ROAD
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RIVER CROSS SECTIONS

(8 SHEETS)
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Y. INTRODUCTION -

In Stage I the fleld survey for construction maLerlal conSLStlng
of site reconnalqsance and data collection was carried out for the
perlod‘from February to_March-1981-to assess the construction materlal
sources conceired'in tne SMEC?S'Prefeasibility Report and to'brepere'a.
_detailedﬂihveétigation plen in.Stege'II On the basis of survey results
'ih"stage T, 1L was Judged that the constructlon material sources pro~
posed by SMEC were generally acceptable. On the other hand the
pre]1m1nary study which was made 1n the course of preparlng the Interlm
Report I based on. the survey results 1n the Stage I 1nd1cated that the
rockflll type and concrete grav1ty type damg'-are competitive in
comparlson w1th their construction costs. and that it is needed to make
_further 1nvest1gat10n and sLudy for determination of the most advan-
tageous dam type of -the progect. Accordlngly, the fleld 1nvcst1gatlon.
for constructlon materlals in Stage 1T was carried out regarding
concrete aggregates, core, filter and rockf111 materlals, taklng into
consideration the respectlve materlal requirements in the said two dam

types.

‘The field work for'constroction material- investigation was carried
out for the-period from December- to Merch 1982, On the basis of the
survey results, this report intends to -assess thc quallty, sultablllty
and available quantity of these construction materlals in detail. The
results of topographlc and geological surveys such as map preparation
‘of 1 to 1,000 in scale in the sand and gravel depositrlocation'and core
boring and seismic exploration at the damsite are:incorporeted in

assessing the available quantity of construction material.

The soil test was conducted at the laboratory of the Institute of
Englneering ‘in Kathmandu in accordance with the spec1f1cat10n prepared
by the JICA Team The field 1nvest1gat10n was carried out in collabo-

ration with the counterpart personnel provided by HMG.



II. LOCATION OF SAMPLING AND LABORATORY TESY
2.1 Locationgof‘Sampling

The core material Source'Wae seleéted on the left bank of the.dam"
_site;_ Séven (7) Lest plts were dug at the site for bdmpllng of core
_ materials Logether with observatlon of 1te 1ow layer. “The samples were.
taken from dlfferent dépths of these test pits and teeted at the labo-

ratory.

_ Ae'for'conerete aggfegates, fourteen (14) test ﬁits fbr coaree
aggregate were excavated at the rlver deposits located W1th1n 4 Iim up
and downstream from the dam81te, while flve (5) test plts for fine
‘aggregate were explored at the river dep051ts in the Khagerl Khola.
The-laberatory'test fese1ts=for the eoncrete'aggregates were'used'in_

assessing the quality of filter materials.

The location of the above'test'pits;are shown in.Fig,thl, and
the sectional sketches of those are attached in the end of this Annex

- (B).

' The rockfill material source was-selected at.the rock gquarry
located on the 1e£t bank of the Trisﬁiganga-River, 7 to 10 Rm north of
the dameite,:ES'shown in Fig.-B.1. Four (4) samples were eoilected
from the rock quarry and*tested in the:laBbfetOry. On the other -hand,
it was confirmed throﬁgh.the reconnaissance survey that there is mno.

problem in its avadilable quantity.

2.2 Laboratory Test

The 1tems of laboratory tests for construttlon materlals performed

in Stage II are summarlzed below

(i) TFor concrete coarse aggregate

- Sieve'anelysiS'fbr 12 samples

- Specific gravity aﬁd'absofption-for 12 samples
f'Unit weightlef aogregate for 6 samples

~ Friable partlcles in aggregate for 12 samples

- boundnees for 6 samples‘



- Abrasion for 6 samples

(ii} TFor cqnérete fine aggregate

Sieve analysis_fb: 5 samples

1

Specific gravity énd"absdrption-for 5 samples

-

—‘Unit-ﬁeight-of aggrégate for 5 samples

Frlablc partlcles 1n aggregate for 5 samples

- Soundness for 2 samples

(111}  Core materials

- Spec1f1c grav1ty for 9 samples
- Water content for 9 samples
~ Grain size ana]y51s for 9 samples
—_quuld limit for 9 samples
- Plastic limit for 9 samples
f:Compdctlon:test for 4 samples
- Triaxial test; . _ :
2 samples under thercondition'of.unéanéplidafed -

" undrained

2 samples under the condition of consolidated -
undrained with observation of pore pressure'

- Permeablllty for 2 samples

(iv) Rockfill materials
—'Sbecific gravity ahd absofption_fof 4 sampiés
L Abrasion for & samples’

- Soundness for 4 samples

‘The laboratory test items réqﬁiréd'fot the gravel fill and filter
material afe covered by the above (i) and'(ii) '.Sampleg cbl]eétéd from
each material site were tested in aLcordance with the Japdnese Industrial -

Standard (JIS).



IIX. CONCRETE COARSE AGGREGATES
3.1 General'DesefiptiOH

The neoessary concrete volume of the pleECt is approximately esti-
mated at. 1, 300, 000 w3 and 810 000 m3 for the conc1ete gravity dam scheme
and "the flll type dam scheme respectlvely. Thus, the coarse apgregates

'requ11ed for the above concrete will amount to about 2 »400, 000 tons and

l 500 OOO tons reqpeetlvely.

Large quantlty of rlver gravels for the above coarse aggregates is
avallable in the river channels of the Kali Gandakl, the Trleulganga and
the Sapt Gandakl rivers w1th1n 4 km upstream and downstxeam of ‘the dam-
site. The grevel dep031t nearest to the dam51te is 1ocated at Dev1 Ghat

~in the confluence’ of;the 1r13ulganga river and the Kali Gandaki river
(Referred.to_as‘"graVel deposit (A)“);_ Aﬁether_large grevel deposits
are.located in the.right {gravel deposit'”B") and the.left.(gravel
deposit ”C") banks at about 4 km downstream of the damsite, Other gravel
dep031ts are in the Kali Gandaki river ‘and in’ the rlght bank of the

Trlsulganga river within 2 km upstream Qf the confluence.

“Investigatien_of the qeaiity end the available quantity of the
coatse'aggregates from the above gravel deposits was madetby_exeaveting
test pits end'cerrying out various laboratory tests for the eahples
collected from the test pits. TFor gravel deposit'"B" which- is the
largest of the gravel dep051ts and from which coarse aggregates w111 be
" mostly extracted the seismic exploratlon and the plane table survey -
| were also made to estlmate-the exact avallable_qeantlty, The description
of the investigation works executed, the investiéetion results and find=

ings in’ its quantity and quality are provided hereinunder.

3.2 Investigation Work

Aiming to eonfirm the available quantity by 1nvest1gat1ng the depth
of the gravel- deposits and to test the quality, test pits were excavated
ia the gravel dep031t_”A", "B"_and FC". The iavestigation of other
graVei depoeite in.thetKali Gaﬁdeki tivet-aed in the_right_bank'of the

‘Trisulganga river in the upstream of the confluence was limited to the



detailed reconnalssance for Lhem because of the nccessity to build some
temporary brldges across the rive1 for its extractlon, res ulting in
'costly-coarse ﬂggregates it was Judged that the required quantlty oi
the coarse aggregate could be secured from ‘the gravel dep031t AN, g

and nCrr

The test pit. arrangement in éach”graﬁel deposit was made as follows
at the position shown in Fig.-B.1, considering that the arrangement would
" make it possible to measure the depth of the déposit, to test the quality

and to cover the whole deposit area.

‘Gravel Deposit ‘  -: .- Test Pit No.-
Al - 3'Nos. (CTP-8, CIP-9, CTP-10)
MB" 9 Nos. (CTP-1, CTP-2, GTP-3, CTP-4,
Crp-5, CIP-6, CTP-7, CTP-11,
CTP-12)
e ' 2 Nos. (CTP 13. CTP- 14)

Observatlon and sketch of the test plth to conflrm the gravel d8po~
31L thickness were made for all the excavated test pltS Sampllng for

laboratory Lests was also made from all the excavated test plts
The_fdllowing laboratory tests for the_éoncreteucoarsé aggregates

were carried out for the purpose of confirmation of its.Quality and

available'quantity in each grain size.

Sieviﬁg analysis

Spec1f1c grav1ty and absorptlon

Washlng test_

Abras;on test

Soundness test -

|

Weighf of unit volume

Considering that abrasion test “Soundness test and weight of unit
volume test comparatively take long tlme in addition to the llmlted

1nvest1gat10n period and. the poor electrlc power supply condltlon in



Nepai_fdr the laboratbry test, these tests were limited to several
typicai samples, Futthér, the graih size in test pits GrP-13 énd_CTP-l4
was féund to b? too Fine fojuég‘gg concrete coafse aggregates and it was
'judged that the_materials in this area would'not=be avaiiable.for the
coarse aggregates. Thus, the.laboratory tests for the samples from

these two test pits were not carried out.

.The-lab@ratory'test7itemé“éarried‘0ut for edc¢h sample of the coarse

aggregates'are_shown in Table-B.1.

The seismic exploration and plane table survey were also carried
out in the gravel deposit "B" which is of the larpest scale and will be
the_main borrow area of the coarse aggregates, and intended to supple-—

ment the investigation of the available quantity of these materials.

The seismic exploratlon lines in the area were arranged as shown in
Flg -B.1 in consideration of relationship with the test pits investi-

gation,

3.3 Available Quantity

The concrete requires Coarse aggregates in a Sultable graln size
grédatlon. Thus, the avallable quantlty of the coarse aggregates should

be 1nvest1gated for each graln size.

The sie#ing analysis was carried out to investigate the available
quantity of each grain size of the coarse aggregates for samples from

all the -test pits.

The sieving analysis results for the coarse aggregates are given

in Table-B.2 and graphically shown in Fig.-B.2.

Based on the sieving analysis results, the proportion of grain size
of each gravel deposit, which is worked out as average in each gravel

-deposit, is as follows.



Grain Size Distribution in Each Gravel Déposit

Grain Gravel S Gravel o " Gravel

Size Depogit A" " Depossit "B" " Deposit ”C".
“(nun) 9 & (%) '
80 over e oo 11.0°
40 - 80 26,3 28.3 ' 24.8 .
20-40 . 18.8 _ 21.6 19.7
110 - 20 13.0 106 12.0

5-10 4.9 o - 6.3 5.5

Total volume of each gravel deposit was investigated as follows

through the available quantity'invéstigatibns'as-méntioned.

‘Total Volune of Fach Gravel
- Deposit for.Coarse Apgregates

Gravel : ' .
Deposit Total Volume of Deposit
in m3 ) in ton
A o 300,000 555,000
B " 1,800,000 3, 330,000
c o 400,000 740,000
Total - 2,500,000 4,625,000 -

From the above, the available quantity of each'grain size is ob-

tained as follows.



Avallable Qpantity'onCoarse Agpregates in Rach Crain'Size

‘Grain =~ ' ~Gravel Deposit L .

. Size _ R et . Total
© {mm) T . (103 ton) (103 ton) (103 ton) (103 ton)
80 over 65 3% 8. 483
40 - 80 146 942 184 1,272
20 - 40" 104 719 .. 146 969
10 - 20 : 72 . 353 89 o 514

5 - 10 27 L 210 T , 278

‘Oﬁithe'othér hand,:the'reqﬁired volume of the concrete:iﬁ the prd-'
ject ig-appréximately_estimated at 1,300,000 m3 and 810,000 m3 for the
concrete gravity-dam scheme and thé f111 type dam scﬁeme, respeétively.
The*coarse_Aggrégateé réquired for thg_abové honérete will Be about
2,400,000 tons and 1,500,000 tons in total, respectively. Turther, the
standard dam‘cohcrete_requirés thé following grain size distribution

of the coarse aggregates.

Grain Size Distribution Required for the Coarse
Aggregates of. the Standard Dam Concrete

(Unit: %)

Ma§imum Grain Size {(mm) . N
Size . - — - : — _
(o) 150 - 80 120 - 80 _ 80 - 40 40 - 20 20 - 10 10 — 5
150 35 -2 32-20 30 -20 20 -12 15-:8

120 25-10 35-20 35-20 25 -15 15 - 10

Accordingly, the project will require the following quantity of each

grain size of the coarse aggregates;



Required Quantity of Coarse Aggregates in Fach Grain Size

LT , (Unit: 103)

Gtain .Case-of Max. Size. 150 mm ' - Case of Max. Size, 120 mm
. Concrete . Fill Type ‘Concrete Fill Type -

Size . . : } . N T .

Gravity Dam Dam  Sche~ Gravity Dam . Dam Sche-

(mm) ‘ _ . o o

Scheme - me . . Scheme . me

150 - 80 840 - 480 560 - 320 )

120 - 80 - ' . - : 600 - 240 . 400 - 160
80 - 40 768 - 480° 515 - 320 840 - 480 560 - 320 .
40 - 200 720 - 480 480 - 320 840 - 480 560~ 320
20 - 10 480 - 288 320 - 190 600 -~ 360 400 — 240

10 -5 360 - 192 240 - 130 360 - 240 . 240 ~ 160

Compared with the required quantity as indibated above, the avail-
able.QUantity from gravel”deﬁosit "A", "B" and "C" will be sufficiént

in all the grain sizes.

3.4 Qualify

To confirm the following qualities which is required for the coarse
aggregates of the standard concréte, the said laboratory tests were

conducted.

Suitable grain size distributionm,

] B

Suitable specific gravity, absorption and unit weight,

Suitable content of friable particlés,

Durability, and -

:Stabiiity:

In order to confirm the above qualities, the following 1ébprétory

tests were carried dﬁtwfor the samples obtained from the test pits..

- Sieving analysis,

Specific gravity and absorption test,

Weight of unit volume test,

.Washing test

 Abrasion test, and

Sbundnéss test



The test results spe sumnarized in Tab1e4B,2'and_TablemB~3.

There is: no problem in “the graln ‘size dlstribution and the avallable

quantlty of eeeh grain size as stated in the prev10us pardgraph.

_ ' The specifie gravity, ahsofption.andsweight ofeunithvblume‘are
;related to vOids jn.the grain of the aggfegates;: Thdse.ﬁili bezthe
Ludlces 1nd1eatlug the phy&lidl and mechdnleal propertles of the coarse
aggregates, and the standard spec1£1es that each of the above values_

should be’ as Eollows,:

Speeiflc grav1ty _........}......; ...... more ‘than 2.5
Absorptlon- ﬁ.......;... ................ lessnthaﬁ.3%
Weight of uiit volume ..... i ...t'1,550_—‘2,000 kg /m3

The test result indleates the SpGlelC grav1ty of 2 69 to 2. 76
the absorptlon of 0. 30 to 0.77%" and the welght of - Unlt volume of i, 850

to 1,920 kg/m , which are within the above standard rdnge

The friable particles of clay or silt, etc; contained-in the coarse
aggregates will affect the concrete strength 'Thus,-it is specified
0.088 mm should be less than 1 0%.. As seen 1n,Table—Bf3? the washing
test result 1nd1eates‘0.06 to 0.554_0f.the friable pattieles are con-

tained, which also satisfies'the_standard.

9uff1c1ent phy51cal and chemical durablllty of coarse aggregateQ
will be essentlal for. the produetlon of the concrete Wlth the standard
strength. The abrasion test for conf;rm;ng:the physical dutabdllty_
resulted in .the reduction of weight (iess due to'ab;eSiqn) dnfthefraﬁge_
of 11 to 27.4%, which is considered as sufficient durability in, consider—
ation of the standard which 3pee1f1es that the weight reductlon by the
abr351on test should be less than 40%, The soundneés ‘test (sodlum
- sulfate method) for testlng the chem1ca1 durablllty indicated the weight
loss of 0.43 to 2.40%.. The chemical durablllty of the coarse aggregdtes
is also c0n31dered suff1c1ent referrlng to- the standard that the loss

h of Weight due to soundness test should be less than 124.

‘As mentibned it was confirmed that there is not any quallty problem
- in the concrete coarse aggregates extracted form the gravel deposits in

the upstream or downstream of the damsite
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IV. CONCRETE FINE AGGREGATES
4.1 Génersl Description

Taklng into consideratlon the concrete volume of the progect the
requlred quantity of the fine aggregates w111 appxoximately be 1 OOO 000"
tons and 650,000 tons in the case of concrete grav1ty dam’ scheme and

fil1 Lype dam scheme, respectlvely.

- The sand bars for the extractlon of the.above concrete flne_
aggregates are found in the river channels of the Kali Gandakl, the
Trlsulganga and the Sapt Gandaki rivers. The sand bars are also found
in the comparatively minor rivers of the Khagsri,=the Jaishri and the

Beldeha Khola, etc. or im the Rapti River.

In view of the hsnling.distance; the river sand in the Kali Gandaki,
the_Trisulgangator the Sapt Gandaki'will be'desirsble However, the
river sand in the 1arge Tivers such as the Kali Gandakl, the Trlsulganga
or the Sapt Ganddkl rlver are too flne, 5111ceous, and leEd w1th flne
. fragments of slates and other sedlmentary rocks. fhus, it was Judged
that the river sand in these large rivers would not be su1tab1e for the

concrete flne aggregates apparently.

The sand dépoSits'in tne Jaishri and the Beldeha Khola Weré:too
meagerszf the'rsquired quantity. Tt appéared:that the rfiver sand in
the Rapti River which runs‘frombeast to west through the Inner Terai
Plain would be well dependablé'in qua1ity and<Sufficisnt:in its quantity.
Its éxttaction, howeﬁer, will requrie too much hanling.disténce'of more

than 20 km, resulting in too expensive concrete fine aggregates.

The.sénd'depositsﬂin'the Khageri Khola did‘nqt'appéar to be a vety
good'sourcé of fine aggregates. However, it wés-jhdgéa they could be
used as fine aggregates in view of the dcceptable haullng dlstance of
about 7 to 8 km, relatlvely preferable graln 51ze dlstrlbutlon and the
scale of the deposit whlch extends over an area of 5 km w1Lh a width of
about 200 m Thus, the 1nvest1gat10n of fine aggregates Was concentrated
on the COHflrmat]On of their quality and avallable quantlty from the

Khageri Khola. The 1nvest1gat10n result is g1ven herelnafter
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4.2 Investigatioﬁ Work

~There is a large sand deposit at about 1 km upstream from the
croseing of the Khageri'Khola and the East-West Highway. This sand

deposit extends over 5 km to the upstream along the river channel.

It'was fouﬁd’fhfougﬂ the;overall feconnaiSSance‘ﬁhat'there is no
:dlfierence in the ploperty of the sand in the range of about 5 km length
of the sand dep051t. fhus, 1t vas declded that the 1nvestlgat10n of the
‘availeble quantity and.quallty would be carried out: for the typical sand
‘deposit which is located:at-l km to 2 km upstream from the said crossing
of the river.and the Bast-West Highway and.would become the main borrow

area of the fine aggregates.

Five test pits for_inﬁéstigeting the available quentity by observing
the'thickness'of the sand deposit and for collecting the samples for o
the quallty 1nvest1gat10n, were excavated as shown in Fig.-B.l. 1In its

arrangement “attention was paid to cover the whole area of tHe deposit.

The sketch of the excavated test pits are provlded in the end of
Zthie ANNEX. As seen in the sketch the excavatlon of the test pits were
ail stopped at the depth of about-l.5 m, though therthlckness of the
sand deposit was deeper than thet. The existence of spring water at
this depth was the reason why the e#cavation was stopped. The fine
aggregates require a special:control of the mcisture content and,.for
such continu0us1y'eﬁbmérged wet sand,.tHE'coﬁtrql of the moisture - .
content will become difficult. Thus, the sand deposit deeper. than 1.5 m

was considered not desirable as fine aggregates for the project.

The following laboratory tests for inveetigating the essential
" qualities for the use as the concrete fine aggregates were carried out

for the samples collected from the above test pits.

- Slev1ng anely51s

- Spec1f1c grav1ty and absorptlon
- Weshlng test:

- Abrasion test-

~ Soundness test

- helght of unit volume
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4,37 Availeble Quantity

. As stated the sand dep031t in the Khager1 Khola spreads over an
area of 5 km in length and 200 m in width. The dep051t thlckness is
estimated at-more than 3,0 m. Howeve1, the sand found below a depth of
1.5 n 1s under submerged condltlon and there are some dlfflculty in its
use as stated. prev1ously. Thus, assumlng that the sand depOSlL deeper
than:1 m will not be used as flne aggregates, the total volume of the
sand depoqlt in the Khageri Khola. is. calcuiated at about l 500 000 m3
“or 2,500,000 tomns.

As seen in Table~B.¢'iﬁ which the sieving analysis results are
given, the sand includee over—-size pebbles (Qver 5 ﬁm)_of about 35%_in
average, which will be excluded by screening. Therefbre,.the'available

.quantity will be the remaining 65%, i.e. 1,500;000 tohs.-

.On the.other hand, the requ1red Elne dggregates are approx1mate1y
estimated at 1 060,000 tons in the concrete gravlty dam scheme and
700, 000 tons in the flll type dam scheme. Thus, the avallable quantlty
of the fine aggregates will be adequate provlded that its quallty is

acceptable.

4.4 Quality

.Table-B.4 shows the grain size distfibuticntand the fineness
modeius, excluding the'overwsize grain. The fineﬁess_mcdclus is the
index indicating whether_the grain size.distribetidn is acceptable or
not, and the standard recommends that the fiﬁeﬁese modulus of the

concrete fine aggregates should be in the tange from 2.3 to 3.1.

As seen in Table—Baé; most of the fineness modulus erked out are .
within the above range of 2.3 to 3.1, though only the sample from Test
Pit No. FTP-3 is slightly lLower than the'aiioweble limit showiﬁg'the
fineness modulus of.2 1. Therefore, the graln size distribution is’

consldered aCCeptable for the concrete fine aggregates of the pro;ect

" Other quallty teet Tesults for fine aggregates are given in Table—
- B.5. The speclflc gravlty and absorptlon are ail w1th1n the standard.

However, taking into consideration the standard value of the weight



reduction in the washing test .of the fine aggregates, i.e; within 34,
the washing ‘tests for the samples from Test Pit No. FTP-1 . and NO. FTP-5
resulted in’ unsatisfactory values, indicating 10% din Test Pit NO.ZFTP—I
and 6% in'Pit'No"FTPMS The above means feletivelyshigh'content of the
fine matexials consisting of silt or clay. Thos,:wsshing for reducing'
such fine materials down ‘to the ellowable degree is considered necessary
in the use of‘the-sand_in ‘the Khagerl Khola. ‘The soundness_test, i.e.
the chemicel'dofability.test; also indieated‘slightlY“high'value in
sdmples from Test Pit No FIP-3 beyond the limit of 10£ recommended in

- the standard by 24.'_H0wever, it is not always prohlblted to apply it to
‘the fine.aggregafes eud such a slight deviation from the standard is

considered aeceptable.:

In general, thé sand in the Khageri th)’la”is 1iot ‘of very good
quallty for the concrete flne aggregates as shown in' the quallty test
vesults. Its quallty, howevex, is Withln the aceeptable Tange Tn veiw
of its acceptdble qudllty and - fevourable haullng dlstance COmpdred with
other. depositS, the sand dep0s1t in the Khagerl Khola . is recommendable

as the source of the concrete fine aggregates.
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V. CORE MATERIALS

5.1 Inveétigation Work

In Lhe case that the dam w111 be deelgned as. a flll type dam,
1mperv1ous core materlals of -about 400 000 m3,'wh1ch w111 work as
the water stop against the leakage through dam body, will become neces-

sary.

For the above requiremént the clayey earth mdterlals on the table-
lands in both banks of the dam31te are available. HApproach_tq the
tableland in the right bank however, is relat1vel§ difficuit'duo to
its steep topography, the dlfflculty of prov1d1ng the access road and
the neceéssity of constructlon of a bridge cr0551ng the rlver._'The
Lableland in the left bank is considered favourable as the borrow . area
of the core materials in consideration of 1ts easy prOV1310n of the .
access road and the COﬂVEnlence of the core embankment work at the

constructlon stage.

. Thus, the investigation work”in'the Stége—ll was cafried ocut aiming
to confirm the avallable quantity and quallty of the clayey earth

materials covering the tableland of the 1eft bank,

For the confirmation of the availabie quantity and sampling for the
'laboratory'tésts,'seven test pits were excavated in the position shown

in Fig.-B.1l.

The core material is required to have suitable workability, im-
permeability and strength. Thus, fori the confirmation of the above
necessary properties for the core materials, the follow1ug laboratory

tests were carrled out'

—'SpeC1f1C grav1ty test,

;.Water content test '

- Graln size analy31s,
..—-quUId and plastlc ljmlt test,

—:Compactlon test,.

.-wTrlax1al compression test -and

- Permeablllty teqt.
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The compaction test, triaxiai compression test and permeability
‘test take a long{time:to carry'oﬁﬁ for all the samples Sinoe it was
con31dered that the tests for the typlcal samples would give sufficient’
- data for Judgement, the above three laboratory tests were limited to

the typ;cal:samplesﬂonly.

'The.laﬁoratory tests'were'mainly performedlin theslaboratory of the
Instltute of. Englneerlng in Kathmandu.r As for the trlax1a1 compress1on
'test, the fac111t1es owned by the above Instltute of Engineering were
not sufficient to carry ot the ‘triaxial compression test under the
condition of!thewcansolidated—Undreined With'observetion-of pore
- pressure; and”therefore, the triaxial compression tests were carried out

using the Facilities owned in the Kulekhani Project.

5.2 Aﬁailalbe_Quantityr

The ‘cover: of Lhe clayey eath maLerlals on the tableland of the
left bank was 1nvest1gated to be 3.0 to 4.0 m in thickness as seen in
: the sketch of the excavated test plts. Tt was. also found that the .
clayey earth materlals ewten31vely spread on. the tableland and that its
available quantity is estlmated‘to be more than 1,000,000 m3 which is

"much enough for around 400,000 m3 of the required volume.

5.3 Quality

The results of the laboratory tests carried out for inVestigeting
_ the quality of the-clayey-earth-méterisls are all given in TablefB.6,
Table-B.7, and Fig.-B.4 to Fig.-B.8,

Findings'from the laboratory test results are es.followsg

‘The graln size analysls result Levealed thdt the clayey materlals
on the tableland contaln ‘too much fine gra1n slze to use 1t as the core
materlal w1thout any treatment. Ihe use as it 1s, w111 cause problems
:esuch dS occurrence of crack due to consolldatlon, hlgh pore pressure in
the core, poor workablllty of the core embankment and poor mechanlcal

strength. Therefore, it is necessary to con51der to seeure the proper

7

workab111ty, strength; den31ty and 1mpermeab111ty by m1x1ng some

B - 16



¢oarse size:sand and gravel from the riverbed,'or quarry rock.

. Régarding the strength, tha density and the workablllty, those w111
“be improved by mlx1ng of the coarse: graln size. Phe laboratory test
results 1ndicated a considerably favourable values of the: mechanical
strength and den31ty without any mlxture of the coarse graln srze, and
therefore, satlsfactory strength, density and workdblllty_are expected

to be obtainéd by mixing'the coarse materials. .

lhe rmpermeablllty w111 be.reduced by the mlxture of the coarse
'materlals. However the permeablllty test result 1nd1catsd a hlgh im-
permeablllty of 107 -7 cm/sec order near the optlmum m01sture content.
Thus, the ;mpermgsblllty_qf the order’ Uf_lO 6'cm/sec, which is required
for-thercore material Of'the dam, is presUmed to be still énsured even
if some coarse materlals to. obtaln the sultable grain slse dlstrlbutlon,s

strength and workablllty, ete. are mlxed

_'Thus,”itrﬁas'ihvestigated in the Stagéﬁli that the glaysy_eafth
materials coveringxrhe tabléisnd in the 1éft.bank othhé'damsite sould_‘
be_ﬁsed*by'a.propérrmiking'of the coarse materials; ‘Fﬁrther‘detéiléd‘_
ihvéstigstions such as the ratio of the coarse material.mixturs and -
the neceésary compaction emergy, etc. will still be required for the
core materisl, and which should be examined at the detailed design

stage.
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VI. ROCKFILL AND FILTER MATERIALS

In tue'ease of reﬂlization of the fill. t§§e’dam stheme, rockfill

' materlals of the order of 1; 500, 000 to 2, 000, OOO w3 w1ll be required

~ The quarry rocks at 7 to’ 10 kin novth of the damsite or the gravel depoerts
| spread in the Kali Gandakl, ‘the” Trlsulganga and the Sapt Gandaki rivers

are con81dered as -the poss1ble ‘sources for the above.

WLth regard to the rlverbed gravel,‘lt was found th1ough the
1nvest1gat10n for the concrete coarse aggregates that 1t contalns much
fine materials and it is. con91dered recessaly to obtaln a proper g1a1n
251ze dlstrlbutlon of’ the roekflll material of the dam by excludlng the
fine materials by sereenlng Thele is no problem in.its avallable
'_quantlty, although the borlow area- wlll have to be extended up far
_.upst1eam of the Trlsulganga or the Kali' Gandakl 1nclud1ng the’ upstream l
| and downstream of the Sapt Gandaki and its extractlon will require
:several temporary brldges and access roads. It is also conflrmed through
the 1nvest1gat10n for the concrete coarse aggregate that the quality of
the rlverbed gravel is qu1te satisfactory as rockflll mater1a1 of the _

dam.

‘Table-B.8 indicates the quality test results for tﬁe'quarry'roek
at 7 to 10 km north of the damsite. A suff1c1ent strength and durablllty
of the quarry rock 1tse1f was indicated in the test’ results. However,
the detailed field reconnalssance revealed that the quarry rock is
eonsiderabiy'cracky. It is anticipated that the dam rockfill materials
to be extracted from the quarry 31te will result 1n a small graln size
'gradatlon. However, observ1ng the degree of the cracks, it is judged.
that the graln size d15tr1but1on, ‘the meehanleal strength and the per—
meablllty requrred for the dam rockflll materials can be secured by an
approprlate arrangement of blastlng. Tts avallable quantity is qu1te

enough since it is- found exten81vely in the area.

The filter material of the dam will Have to be pro&uced by mixing
”rlver sand w1th gravel or quarry rock, since the materlal with the grain
size dlSttlbuthH satlsfylng the condltlons requlred for the filter is

'not avallable nearby.
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The 1nvestigat10ns -carried out for concrete coarse aggregates,
fine aggrogates and rockflll materials- 1nd1cated that the1e is no
problem in their’ availablllty and quality. lhus, there_ls ng pro-

blem to produce the filter materials by mixihg together the necéssary

materlals,
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Table-B.1: LABORATORY TEST ITEMS FOR COARSE AGGREGATES

:TQSthfem
Test Sieving Spedific Washing " Abrasion  Soundness Weight.
Pit Analysis_ Gravity & Test =~ Test: Test ) _Unit‘of
No. e Absorption _ : L Volumie
CTP--1 C ¢ C C C C
-] o C ¢ c C C
"3 c ¢ < K E. £
"4 C C C E E B
"s c C. C C e C
"6 ¢ C C C R C
"oy c C C E E E
" -8 C C (o E. E E
" -9 ¢ ¢ c - C C ¢
" -10 C c c c C C
no11 C c c E E E
A C G C i F E
Remarks : C; Carried 6ut'

E:; Eliminated.
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