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%ﬁl 0 Canald massing through exnansive soils have been causing

Il congern ﬂUrinc oneratinn and maintenance. Lining of canals in

ey qsuch stretche= hag not been helnful. Aﬁ0r01ch to nroper 3esign
e%nansive soils 80 as to ensure nrover up~keep neeﬁs

L s}
e .of canals in
-" "\1’1 {l(‘& &Q, x e
. mﬂﬂmmdxhxm»ﬂea&de@v

ng BN R \m»ég. S Dlack cotton solls cover many areas of the Staté, They .
. ¢gwﬁmﬂ\*‘are expansive soils because they undergo ieformation by qwelling,
e " This: daformation ‘is attrlbuted to the swelling nressuree for which
‘&,”” simole tests agre now brescribeﬂ under the Inﬂian Standarﬂs. These

o
féﬁf> ¥\ soils are met with varticularly.in. the arens. close to the river

banks. The denth of. black cotton soil Varies frnm shallow near the
maih canal to very ﬁeen near the river bed.

3. . Extenslve work has been done in I.I.T. Bombay by, Dr. Katti,
In areas of expansive soil the technidue of QIS 1ayer ( cohe «ive

non swelling) was 4evelooeﬂ The origin of the~technique was

Malaprabha project area in Karnﬁtaka. “standard procedure'for
adoﬁting NS layer is now available. ' ' '

4. The QNS technique denenﬂc undn increase in strenqth‘of the
soil for taking un the adﬂltional strosses. Lining would provide
further strenﬂ*h Black cotton golls are generally imoe exvious
and no separate lining in such soils is to imorart atability. Thus
the OGNS techiicue with 11ning 4enendeﬂ uaon increaaing the

B e strength of the embankmqmt with the ald of s layer and lining.

G? - Puring the last tan years s technique has been aﬂonteﬂ on many
anal syetems in. Maharashtra, in black cotton soil aroae.A

. - Concrete lining was Drﬂviﬂed with the 2% GNS laynr
betwoen lining 'and the black cotton soil, Howeer, the performance
has been less than. Satiqfactory. In many cases the entire lining
has fall“ﬁ in spite of this- treatment. Black cot+on soils are

'1 highly clayew in . ature anﬂ ﬁd not go well in oantact with a
xigia lining likc cnncwe'o. Perhqna that is whry im snlte of a
larga'thlckn»eD of CNS 1layer, a@rf)nnantc nf < concrete lining
haslnat’betu.aieqU*'ﬁlv satisfactorye ' '
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5;5.' . anal lining iq proviﬂed gonerally wi*h ona of the
followinq s » o . ' . e

1)’ Cemant conerete o R : , Co
11) stone mqsﬂnry " o ';1_‘f::iu e
111) Brick lining. | o

iv) -Bitumen . h ‘

v) Polythene 11ning j._ f“-';i Lo
vi) Soil cement. . |

{

all these tynes of lining oroviﬂo an imoervious bwrriﬁr
to tbe movement of, wat=r and, thpr for@, in all such cases: it
1s nece ssary to ornvide ai quat@ strength to, the embankment
‘ atnrial agwinst StrGSSLS ﬂevelonmmnt bocause of swelling.\
gining with nFavisus material like murum, can. be an ﬁntion.;
“‘6: , Qhé'of the problem strOtchee in Maharashrra was the <, .
nurna Canal,in Km. 20 and 21. This haﬂ b@en ‘causing concprn fﬁm Ty
\many years. The matf £ was refﬁrreﬂ to Dr.ﬁ atti and also to
aharashtna Engineering Research InStitut\. Th@ @§*<Pi"fk

o

soiution “Fas & nr%viﬂp'a”cms lay@r. However, QIS mntnrial was
not reaﬂily availabLe in the area. and, wqulﬁ have to be nroduced

by blenﬂing, The eﬂlution 0. provide, NS layer and/or to flwtten
~ the slonns of @mbankment Was thor@foro costly anﬂ imnr@cticible.
" costly because &S, material had to be bléndsd,  Imoracticable B

chnuse of costly lands which would, have,Aw be acquirQﬁ ‘ - »
Alte ative solution had th@rbfore {5 ba 1an~ﬂ fqr..h' o
7, In the 1 Kilometer stretch ﬁf ‘expensive soil o0 the

Puma Cwnal, ariﬁus triwls were maﬂe w1th ﬂiff ront tynes af
l@trvatment for ﬂrovidinq stabllity tﬂ exﬂansivo sﬁil. Most of
thege: trials'ﬂouenﬂnd unnn ﬂrainaqp nf the swellinq ﬁil rather .
'than orﬁviﬁinq strcngth by way >f s t@chniquo. Fﬁllowing

altermatives wcro found- effoctive to a smallar or a larger

ﬂpgree in prﬁviﬂing stability to tho cmbwnkmont-.f‘

a) Murum backing with sdequate filter, ’
b)  Rubble. pitching nver matal anﬂ murum . . Ty
<) Pitching with ﬁcfineﬂ panels over metal and Murum,

-

‘a)‘rﬂs in (e) abovo but with small toe walls’ belcw the g e

canal beﬁ e

It will be notlcﬂ that in _all these ciasés there is a
nrYopar ﬂrainaq ~f the gmbanhmont. Of these Vafiqus
altkrnnniVas the. one with pitching containﬂﬂ in wanﬂks with

gand flllinq and CJv wdllq an thp Lﬁt*qm was “Found to be auite
successtul. Phie kind of rﬂatmnnt is still in oqsxtinn after
many years‘bf funcy Lonlng Det ail¢ af +hic tr«atm nt havo bcnn
- ' C’)nt'ﬂa rew



e
nrcsent\ﬁ at the VIth Internatianal COnforence in Exnansive SOilS,
vNcw Delhi 1987 (Treatment of exoansive snils in cnnal embankmont
Puma Prﬁject a Case study—by Shri D.N. Kulkﬁrni Chief ‘engineer and

shri N.R. sawalechwarkar, Executive Engineer) and this paner won the
C,B.I P, . Meﬂal in’ 1988.

8., The Centrwl Dcsign Orqanisatinn canﬁucteﬂ a ﬂetailﬁﬂ%ﬂiagnnsis'.
‘of the failur*s of canal l1ining in exbansivn snils. The ‘study done by
\}Central Dcsign Organisﬁtinn brnught ~sut the following imoortnnt pﬂinfs:'

(i) Black “cotton swir are quite unstable when' they come in
contact with water because of the swelling. actinn. Any rigiﬂ tyne
of lining leaﬂs to a unsuitable structural situation.

\ (k) To avoid the: softening of the.soil by’ wbsn~rntinn of
rater, quite a thick Layer of ais soils is requireds -

'

(iii) The slones reauiroi tn maintain th@ geometry of the
anal crqsensectiﬁn are. 00 flﬁt viz. 5.5 : 1.

(iv) For cqunter acting swelling action nE the exnansive
goils, QS Layer has to. be quite thick. Howevar, good quality NS
Maturial is ‘not aVailable within the ﬁcnnﬁmic leaﬂs at- mnst
'SitUﬂtlﬁnS,

(v) =~ In the 1bsence nf gﬂod guality of CNS matrriﬂl a
flexible lining with efficient ﬂrainage arrangemcnt can be a oevper
altemative. * ‘

CIRCULAR

- 1.0 Consiﬁ@ring thn exwpri@neo ‘of the failurp of canalllinings ‘
Pin exnansive ‘'solls in' the past and keening in view. thﬂ stuﬂies done !
by Maharashtra- Enginc ring Rcsoarch Institutc and: the recnmm andations L
made by Central pesign Organisatinn, following ﬂiroctiﬁns are now’ , ~}
given for future wnrk nf treatment of canal slopes 4in GXnﬁnsive snils. ' i
(&) Murum bacgking with asdequnte Fllter -supns suonqrt (The. ﬂotails axe
shown in rigure No,l) Murum of: qoqﬂ qualﬁty may bo used &5 cnunter
the swelling pressure 1nauce1 by the cxnansivc goil, The thickness of

- “he murum may be restrictoﬂ to 600: mm. In order to facilitate-ewsy
ﬂrainage' 300 mm_ "thick sand filling may be provided X behin1 muram.
Adecquate rock toe arrangement may -also be. nrovi&@& as shown in the

 figure. Rubble £illing of 30 mm thickness and metal and sand filling

150 mm thick each may be nroviﬁpﬂ at the bede . e
The function of rock o6 at “the bo%tdm'is t5 facilitate

drainnge and to pravide a sn]id suanrt While the sand bad behind
murum serveas the nurmose nf zeliﬂving tha swelling as well as, pore

-

‘C')n ‘.;‘nc ces .




v . . g "'4- ' W . . Lo .
‘nroccurﬂc Similarly rubble filling in the bed will provide a’
good ballastic sumort “and metal and San4 filling will /act as L.
“a good’ cushion base against the sWellinq nrﬂssure. The critiCal L.
slip circles oass through the toe. So the rﬁck toe prnnoqpﬂ

will heln in orevonting the likely slins.

Na rigid lining is nroviﬂeﬂ 'ﬂver the murum base exccot
‘ turfing._Aftrr settlemﬁnt of murum, rigiﬂ lining may be
oons 11ereﬂ in ﬂuc crurse of timc after‘a few - .yoars.

(B)  Muzun backinq beloy the metal lininq'with’nahels |

(D“talls are shﬂwn 1n f ga NO,ZQ:

he theﬂreticnl analysis rﬂvoals that 1t is nractically{
unccqnomicnl to have a full-proof solution agqinqt the amade '

»

due t) having nressurPs of exoansive sqils.

The ﬂry oitching by metal shuld be aﬂonteﬂc The »
thidkn ss of this metal layer varying £rom O, ‘6m at bottom to
0,3 m at e shﬂulﬂ be nxoviﬂp& The nrovicivn of nanelq is

" tb be kept as it 1s sw as to have semi~-rigld lining. Rock toe
is prnviﬂed “at the bottom to serve as A ﬂrainage arrangcment’.
.and as a solid base._only sanﬂ bcﬂﬂing of 150mm . is to be

" provided in the bottom. If muxum is not aVailable y@llﬁw sqil'
with low exnansive chnracfwristics may be! useﬂ

(c) Mu rum backinq with filtor
' Murum bgdking with sand & filthr
'gnntai;s are shown. in ﬁiqﬁ Nols)

Frﬂm the exoerlence it is folt -that murum- backing (avs
ayLr) is ﬁbligatory £o. cwunter balance the swelling oreesure.
Simllarly filter is rﬂouirvﬂ to £acilitata, good ﬁrainﬁg°
considering the above aqints, one metcr thick murum. is th be
Hrovided over 300 mm thick sand filt@r. The rock toe
arrang‘ment and .Ary rubble stane base ‘over. 150 mm gand layar
“at the bottom may be as shown in the figqure 3. If murum is not

oo

available yellow soil with lﬂw exnansive characifristics unn :‘5:3
be- us2d. ‘ ' o
(a) Murum baékinqmwith Gen~toxtt1n as filxer mats ria‘_

= (Dctqilq are_shown, in fia NAy 4L_

As B-C. snild ha very low nérme cabili ty a donﬂ
ﬂralUQQK arranq«m nt is necess ary alqn' the slﬂWﬁs -8 well as
the bad of the cannl tn rolimva h@ nore wresuurﬂw. alsn
Eilrer-matarial af g muality ‘may not be availablﬁ at

cqntd,...




ecghomtcal‘ cads £rom the cnnal‘hlignment; Mopeavcr;'by providing -
an efficient Arainage arrangoement with’goéd murum}backing '
frequent canal,slins¥anﬁ Concequené 1osg. can, be aVﬁiﬁOﬁ; g use
of‘"geoatextile“ as a drainage arrangement cah be aﬁvanhaqenus{',
ngever,_bafgrelusing it on large gcale it iS'nQCstary'tn study

)

jts performance by constructing experimental reaches with ® "
tgeo-textile" as a filter materiale g 2 ‘
2. Different“aLternative fof,qanal 1ining in eXOansive'sﬂils

aged on-available data. have been discussed abave in detail. Out
of the £0Ur 4i£farent types of iiﬁidq‘orthsed; first two, tyoes
are expectad to glve gond’reéults: on every canaliinitially

o few patches should be té¢k1eﬁ in arcas cxpansive soils, The S
most effici@nt'remedial neasure £or a particulal condition can
A"be'deciﬁed1on the basis of-the'perforgancepof these exnerimantal
- patches. ' ' ‘ R . S

3. " pareafter no rigid lining should generally be provided in

‘ - canal stretches = where expansive Sﬂii nlack cotton snil is met _
”,.with.'mreatmant'tﬂ»be provided should be only of che flexibile
type with nroDer ﬂrdinagé; The methods adyted M purna nrject .
which have heen fqund'tn‘be successfui are‘deéqribnﬁxabnve:'
Furﬁhep;i@brﬁVQ&ents in the’i:eatment are pbssiﬁié.by ueing

: ‘Geo-tr-‘%xtile cte. In no case, however: should rigid 1ining like

,

Cﬁncrétellining o} o sﬁone“masﬁnry‘1inidg;or'b:ick'lining should be ;o

provided in sugh r®achesnwithdut'soocific amroval ~f the Central
ﬁésigns Organisatinp; o K ‘ ;
These orders will aoply 2. 211 canals and Ajstributaries

with a capacity of more than 0. 75 cgmecs (750 Lit/éec;)ﬁ'
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>Q~TUR”NG ROCKTOE 300, 52 " SAND FILLING .
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- 12700, 890 |2700?,~\\__
/I:b_ 7 1300 dy o METAL FILLING
FIGURE 1 —-— SAND FILLING

CANAL LINING USING MURUM BACKING(60Cm )
WITH ADEO.UATE FILTER SUPPORT.
© (YYPICAL SECTION OF PURNA CANAL)
('NOT_TO SCALE )

P adandhatuliand

MURUM LAYER1OmMTK.

" METAL LINING

METAL LINING 0F VARYING 1rILIINE

- WITH MURUM BACKING
( NQT_TO SCALE)
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"\ MURUM LAYER MURUMLAYER /"
1000 mm THICK 1000MMIHICK -« « -/

DRY RUBBLE ST0

300mmTHICK SAND FILTER
SAND LAYER

| Gralt NI L._... ta
150 mm THICK SAND A RS ) W 21 150mm THICK. SAND e
> “ B ¥ \ L AYER

_L_AYE& 1 R 1
‘ CANAL LINING USING MURUM BACKING (10 m )
. WITH SAND FILTER

’ | FIGURE 3

(NOT 70 SCALE)

1S

_MURUM LAYER MURUMLAYER " ,&’
N000mmTHick) - (1000mmTHICK )/ - g;fﬁ

TURFING TURFING

GEO.TEXTILE i%

&Y GEOTEXTILY
o 150 nm THIC

AT N _RUBBLE FILL '
\_ SAND LAYZR1S0 Mt %

THICK

150mm THICK

600 M MTHICK DRY
RUBBLE FiLi -

CANAL LINING USINGMURUM BACKING (10 m)
WITH GEQ TEXTILE AS FILTERMATFRIAL '

x | HGURE&
(:NOT 70 SCALE )

NOTE :- DIMEN‘IONS ARE IN MILLIMETRES UNLESS OTHERWISE SPECIFED



