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Rilestores vbich gre Snserted alomg the task o activity oriented
horizontal bars as shown m 7igs242, Quite wld*my, heceuse of the
{ ntermdiate nilestorss, progreas reporting can be more definite by
this methods It agaln lacks inter rumonsmp, and mmmwnmm
asong different events or tasks and ag such 1t cannot predict whether
a project would 1zg or lead in its coaplete psriod, as a result of
schedule slippage during various stages of the project congtruction,
Solo 8 FLON PROCESE CHART (PigeR43)

These chgrts were developed by the Gilberths the
eontemporaries of Cantty, and they exhibit "sequantial selstionship
of gctivities” or "interwrelationship betvesn tasks” (FigeRs3).

Howaver, the flovw process charts do sot indicate time
duration of individusl activities and as such do not help in
predieting the coapletion time of the pyojects

L (5 GUART (?1ge244)

Lire of balance chart is o coadination of the Slow process
chart and Oantt ohgrt vhere the tasks g plotied or 5 time seale
accord ng to thelr ssguential and lead time relationship leading to
the final event, as shown in Fig.Beds
- Qe lels ERT HQRE TR CHELAU
This technique of project soheduling and progress reporting
vas dsveloped under variety of naws, principal of them, being

() Critioal Path Method (CuPoMs)

(1) Progromme Elevation and Reviev Techmique (PERT)

(431)  Resouroes Allocation of Multipurposs Ssheduling (RAMP)

They are briefly discussed belowie

This method was first developed in year 1057 by Horgen Be
Wallker of B.X. Du Port and James Kelly of Remington Rand in U.S, Ae
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(9) Dimry cotivity (2-20) shovs that opilduy vesho (80-07) con
otart ondy oftor both of activitios vis. conptpuctlon olulco
eenptpuction (14016) and foundntion troatoont (86«20) havoboen
ecrplotod bud Nlver con to dfvortod for Sodp vanther £ioy (36e17) ang
conevote cab cff vork Lo pivor 024 (17=£0) €alon up oftor congtruction
oiuicy (10=10) 40 ecmplotods Touy Cumy activity (10-23) com Do
nNgeatod o Daw 5oro 9o, ouea that both ovonto 10 w23 & otagt ot
073t verbing daye (oo0 Dotuerh)e Thio will inofod o oowing of

009 » DB oo 0D deyop provided otepo ao ow3gootod im pava (2) pro $obom
ALQOTHgRLtOly, nea 0f (10 tachinon £rem activity (39=15»10) ccadd Do
"08vorto $0 oplidvay oncavotion (13-33) aftor B0 Cy cv ovom Oprlio:

0o Hnd totcd 840 of eriticel path vine 1230 doyo 4o s2duod by noo
Acyoe
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€4)) Mack poried Doth on 'crf.tﬁcal aid mawsordtdond patho
hato Beop gdjustod oy chiouing €4c0 dogy 4n difforent porto of tho jeb
botuoca the Dogiming of the first and oach of the £follCAry activities
¢ provont ovorlapping ot amy point in tho stwncwww’ Dalle
activition (2e5)y (30) and ((=0) otce Thip 15 29 OxpmRA0 ozzwim a
'“zaéﬁo:e'@' in vhich dumy aetivitioo o reptrainto aro Antroducod bBotvien
tho oftarto of tho various sebivitiope Thooo Qunnicn Rowo oultosldo timo
03204608 to thea to provont Grordappiny of ovontoe X2 ot g ator
00a70s ¢n tho conotmacticn pro3roscdoy 4¢ 4o Lfownd fhat thord providcd
£420 legos éan bo roduend vithoud upsotting coquoned; ooy sloehs
gonppoars Thooo can b0 tronsforecd ey roclloeated to W0 ontont
pCaoihloy from tho norecritien) activitics to aotivitics n tho

pitieol pathe Tio 10 tho othiruay of ccaprosoirg tho critical path
cnd thuo holping ¢ico eenbrole
(8) Lact dut not tho leioty other vays and 2.ofcy oo 8xplaimd
80 parn 201e8y 0ay os woll B0 ¢ptiomlly tricd $o apchiceo Gizo conbrod
ovoe i:ho projocte

| Avord motvork appliod to Torughat Don Prejocly glvos

brocg pleture o various inportont r:ar!;::; boing hopt dnm cogvoned
inoperclated vith individual and fingl complotion im0, Ao o ot
0topp oueh individual worko, vize opilluny worlp, carth demo
eongbeuctiony pivor diworsion vorks (including eomotruoticn oclules),
EnCalo vorkoy Limd Boharo Channo} otce can bR broln & into
irtrinade getivition onmi cubemdtvorls proparod ond ongmind t0 500
rACEP ary furthor roduation &n ino L0 poasiblo o ntls Proporction
7 oudh cuboddinry motverbks furthor holpn 4n omoreiolng Botlor cantral
ovop ticvegehadulo, 4n viow of broador ddtolls ¢ tho uezho bBoing
kepC woady of o loncde 20 43)usteato, o oudh coco ¢f fusthor
by vil) bo tokon vy Boley vicearvio Congtructicon ¢f Coastrueticn
oludcone |
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BeDeBo [TV LuRalln AETIIRL NG TTHIUR PROTER (1400260(D)
Orfginad CePolle ochodulo Lor Tonughol Projocty IRgeB.004)
odefdn for o Qull projoct and Doy deold prepnecd (o UMAACO copvicso
of b2 avaficHio proloct copowreos 4n thO oot uooolblo momore Fow
onempdos Doin oin 40 $0 cuppdy vator to Dakapp Otuo) Piandy oftur
eo-Dioting Darth Mooy £p8ddvay Yorbis amd Lincd Belaro Connle
ecmRotden cf tho theed veskoy chould bo synebromiccd oech ng o
oaebla wator ovpply ao oarly né posoiblos mw&?‘fgg %gﬁzz.my worho
180 @1 tho lozoot path of CoPelley 0ovth drao Bawiflo eauplotod
hipghop than (o ppdllvpy to ovedd ovorteppley ond £ofleso Of 4 by
£2.038 uatop, Tgtupally, thorofordy £Arot proforcned havo €0 b giwa
in ubidiolirg sooaupe2o 00 Barth Donne AfSOp thoy aro ecaninied 6n
C23th ond 003D dnys (vido ovonto © ond 84) cacifimos o3 poroonal
o boon @wortad to opdlivy works (o ovont 30e MIAAcrAy,
ozeavotdon cyudpIoms coployod €n otrdpping and oubolf porto of tho
capth dx00 Dave beom ddvortnd te tho ¢eop diworpicn ~nd conptructicn
Ao vorko 3 ST day 7%h ovonb)oftor they wro 0 ACwicr
rogured thoves Thio wop sled wreoonary Doenncd, wARocS ¢ O pdditions
PCoouPeRs 50 Capped to comploto Rivor Divorplon Uorlin Oarly, Oprth
@=ro 4n sdvor DOA cannot Bo tolton vp 4m tir0. ARGOP Coeawnticn of
cop dvoroicn ehamol, maciims are propecod $0 rCeCupley  ovor
opllingy oneavations DAverplop chonnod ozeoPation boo Ban plonmd
vAth Andopondont Dacdirosye Sinco thin Anvedtop B0 Oncavatica cbout
J oo ofC xrd quaeoptcd offorto o0 woquieed to got thin ceoploted
by Cooth dayo (ovomt £23) by hony cplldvay gote ecploted §§1§§‘;§°
~00 olondo Oaly for Glvopting conpesd £i6odo ovor Lte Tho mutnerk
lﬁ?afﬁ“vcr io odroady cleoed by thio ¢ino by onpth dorn
conoSruetdd . An Rivor Lod 0 [1.073 Fte Bodoro Consk Ozeavaticno aro

~120 PPEIesod €0 Do Sohen € ndopLontdy with {7 £000 0f nachiron,
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haviry aerdeond by éoghéay {13th ovont)e Howowry 5020 nncliing
cottir. £eeo £303 oplliugy Oxneavation oftor 009th doy fowont 20)
oca B0 ag tO11 d4vortod to this Jode It 16 DNotod thaby ourth dams
clroaly ccaploted 0 Al kofght (01, 673) ond opillucy ceamloted ¢
(E16790) portio) uvntor supply con bo 3t on 1000tk 4y (ownt 24)
of%0p Boliare Conal dncluding all otructuros gnd Antaho alsueturd
070 comploto by thot tinos To otick to thls torgod, deny cobivitios
($3=38) can to Boot avollod ofs Thlo portiod walos cuppdy vould haw
boom poaniblo, o £20th doy (evont 38) oftor opililway Rod roadiod
C3e770, dut for tho unaveldadlo @5y in onocution of Dolare Comal
-nd Intalo Stracturdy thio Bao lost ail diancos to bO ado goods
Cdy nowy offests aro €0 bo pudd to cogploto tho BLlpe Camad otce
by £450@ dnto {10305k dy) ot loaste Aftor this ook bavieg Leem
ceNloved, tush of tho coao porpennol and Dachirdg vl haw Lo O
£4aolly dvortod o othoro projoct or dlobgndods si}zeo ceeo% gato
onoetion gnd £1lling of ecooling poends are tha ondy tue loft owap
ftozgy vhich vild avall of enly 2oapte ropouezeds of CcoTianle

In Fige2.,6(D)p o soviocd CPelde schedulo hes booh pecporcd
lcaring tho itono glready complotod wnd seanining 46cas €0 ofort vith
Dovombor 1967 The otopo tehon An €HO gbovwo para to dlvort oon ond
Sachinco in tho gamwr muggastody have pooultod in o oaving of 28
@y (approz) ot tho start of Novaddor 1007 for ovonto 29, 23, 5,
33y 20 and {0s Uatu-pldy, the cnd vvont ¢1 @ oritd ol poth willd bo
conplotod 23 (-yo ocpliop @ 3.95th Ay dnotood of 135 day
(0% czipinpd CePolle 2¢2A.00) provided mothing wiOxpecl:d Banponse
\ECop, affoeting 29 a:m savingg, ond vialrg the CeP.lls ScoQWio
{I83eGe2 (B)¢ 0020 mOU ey aatlvitico howo boost brov i 2nto
play in the nonmop choun 4n tho Piguros ?;or oncaploe Lol D vorks
4n 24vor Bod mev Mkoly to be ovor on 818th day (owons 90) ooy voll
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w0 E1e 770 0Gce
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0f the varlous rothods ¢f planping ond eonSd foehnigues
00411 in voguo, 4 S0 conmoicorod mov AOpopative to owdGch owor €0
cpitienl poth cothod vhiich, 4n Qooonedy 4o o motuorl €0 vioualico
irgoreralationg botuacn difforont getivitioo ond owato Of projcety
vdCh otart ond £indrd 4o and olachk houro ond ‘Gmy qotdviclon’
ooz of o plohedy basidas Bmiodgo of potivitiop ond ownto o
tho eritical pathy lattor having in 48, o guldd for prajecd ongincoss
00 L Eh 48 owop ond ccoploto ho projoct 4n S8a0 ¢p oton ouch okoad
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&loeuescd oarlior, tho dotopmingdion ¢f ordtiecnl path by *vioupd
mmoﬁ“l"m vdich 4o contop upé@ ooy 00 ovontoe 2£, hovowry tho
otuerl 40 3.020@, A0 8o cdvigabde cnd caclor $o woe “lateix Dthod
£Co éoforalrotion of eritical pathe “Labrin mothod® eod b0
cCovonionfly ucod upto SO0 awntny though 46 hﬁm 00 fopy beon woch
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cod $0 @otornisd arfticad pothe Pupthor olucidation ¢ (48fopont
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0f thin Cisptorg bowwop 20y oon DO soforredy in tonG Dexlp ond
BIL0pCRes gAvehn abov0e -
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It has besn sald earlier that this C.PuM. L8 not very
useful for acheduling productien control jobs vbers the procosses
ftnvelwed are cf a repetitive or routim ngture. In ene way it can
- be sald to be a fallure of CyP.Ms 0 yepotitive Jobse But 80 far
sur purposes = planning for s project « are conoerned, it vorks
alrighty vhether for the éntire project or a part of it.
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Bofore dlecussing lov cctuad fisld contral can k@ achieved
at site, this ia Pecessary %0 know wbat the fleld control 4s. Piedd
control governs asctugh construction opergtions, am watuets the
vork 0 plans and spreifications, iupplemented by personal mature
judgement, suited to a particulor site,

It requires correct knowledge of congtructien materials
 and for that matter site investigations are te bs carrled out from
time to time, TDs tuo sepects of ficld control » invegligetions and
;ctuuz expoution « have to go side by side in the field and are
broadly covered by the following sctivitiesse

{1}  Ladboratory investigation of soil cempaation

(11) Field investigation of the soil compaction

(111) study of conpaction methods

(1v) Placement molstures oontent deteranination

(v)  Framivg construction specifications for gompaction

(vi) Pield placement control o

(vit) study of pore water pressure in iapervious fills
(vi41) Investigation of porc pressure in porviocus fills
due to seisutle gotion,

Most stondardised ssthod to deteraine compaction
chargoteristics of 4 aoll in the lgboratory is to determins Proctor's
Compaction cnruma). This curvs shows variation of dry density
of soil vith o variation &p moisture content, snd gives an optimum
molature contomt for whlch dry density for the goll would attaln a
maxisue veluss Hovewsr, this relation detwen dry dngity and
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moisture content is xls0 a functlon of compactive effort and for
that reascn, conpuotive effort is lisfted in the laboratory by m.ané
of stendard No. of strikes (say 28)« Boyond O,M.C, maf mum dry
density reduces and the dry density curve spproaches 100 $
saturation curves at incregsing moisture. |

A gonuine cbjection to iProctor's test Lor comparison with
field perfcrmon is that dﬁnslt? notsture content Wa&im do ot
stoulyte the knegding eifect of sheep foot rollers used £or actual
compaction of sofls. Hence, two alternaiives bave since Lasn swgested
firat to incorporate knoading offect in the laboratory ond develop
kneading aoﬁpaetton epparatuses and the second to prefer molature
density reisztion by odeometor tests OWr ctmpaction tests DOV
kneading apparatuses Dave been developod by Wilsen'°F end Ostertesgt "
ard others and coxpactive teglg showy that tbn laboratory kneading
conpaciion yields g higher d8zrse of saturation and the results coze
closer to dsnsities obtained with shedp foot rollers in thy field.
Bowever, mamifacture of guch apiumtusa on comercial basis s yet
to starts

Osdometar tosts ara employed to investigate the relgtion
betwesn surcdbarge and dey dsnsity or moisturs content of scil f£iil.
The moisture content and dry density is stlected on the compression
dlagram corsponding to the surcharge of the regpeative layer in the
dams This method gives less dry Gensity than the curpent compsotion
tests, and hence comparatively less eompaction efforts ars riquired
for the dam compactions An important assumption suggested by
mum“""’ and involyed in this method 13 that a sofl cempactad
in the £111 to a dry density corresponding to the vold ratie of this
s0il obtained §n a confined compression test will not suffer further
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coeticoont caucod ly somciidation wadog ireronoing conotrustica
cupchnPOs Thounh tho 0cdeootor toofo haw boop wsed oarliop fop
Recohaupson Do in Copmonye Loot yomaing ot tho otondepd proctorts
toot boing ainple and wyry eosaca 5o far o otill vory Balpful im
goloeting tho plococont spocifieaticno for thy filde

Boeon@y, 0inco eceapaction and dovolop=ont €2 poro
proooure aro intoperolatod, laboratory invootigations provido a
teol for comtruction poro procouxo prodictiongy po poofud fow
L8014 vorttoe 0F lotoy pOro progouro ¢oofficionto havo bock Antroducod
by a!m::@tm( 0% and 4tp vi0 Lopr Gtinating poro progcourC 48 é-n
vory cicarly orplainsd by mebca() and ﬁw‘a‘” o NECOD having
invootlnatod poro psoseuaro and raooulting ohoge oteorgd ¢f cold
£431, o can havwo £5¢0 -band in ¢oelding placdcont ccaditionse Pop
onorplos conpteuotion ppocd end BO incroncod owon by peoviding
offogtive 4pr Araf0 arFoanzoronto 0Wn thoudh Labdorotory in@nﬁiaamona

chewr highor conotruction pord Prosourops

chapnoloriotio ¢ g porticwlar 004le Application of tRogo laberatory
pogulto 0 gotundl £403d conditiono 4o bapcd en gomorp) Lo dordivod
oo th onporicned of o dargo HDOr of 4oty DuRAD Oondliore ThoAr
practicel opplicatiens soquiro opoclfying typo and woichl of to
reilop, dayor thielmono, cpbtiov ncloturd ood dry dopodly obace
Scaotiooo othor ooll chappotorpiotien Adko chionp otrongllh cnd 4¢0
ehanso with ¢4 and poranobility conpelidation are rpoguincd €o bo
tooted ot £4014 ¢n full sendoe Thio givoo Lwll confidsngd vhilo
vorki g vith prototypOe ALOW tont cootiano of oobonkronts ard ploo
ucoful in otudying bohaviour of ordinayy .me opocd o) oquipooatos Hart
£pca Chaty predicas 14k froatoent of tho matoripd for AryArds
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nolotcaing, epunbling of elodp, oxncovation nothodo, muchop of pascos
0Gee 0B Do pClvod only Ly Doans Of tho ML seslo Cootp 4n tho £10l4d.
Thooo dnfopnations oo onocntinlly roguired during connipuctiono and
£801& intopcications on gbovo 14noo priop 0 conptruction mole tho
task caolor for £iold onginoors '

Congtruction natorinls for wso on ogrth dons hovo quito
vordcd proportiop ond homedy thoy roquire difforent compnotivo
afforto omd nothodo for woot officlont wvorking and ccomenicodl rooultoe
Poot omporicneon of vorking vith difforond oquipaents snd eonptruction

aalorialo Davwo glvwn se gonopalicod and wsofvl informations sOgarding
ctapaction cathodn for tho conptruction onginmnopse 88812 thoro 4
oecp2 Sor ¢OWicping nov snd bottor ogulpoonto for DA} ezzpaction
pport £roa teySng Add omop Gh oot ceotions ond ccoporing rolativo
roonlin ¢0 &cldo thoie officlonoy, ouvaber of pancony voight of
£0110p0 and cptioun noloturo aontomt for bent rosultos Diffogont
cespaction nothods are édglt vith in @tall ot Chaptor « &,

gowrmé by ao ooy fookors vize doforanbility of tho foundntion,
ehapaetoriotien ¢f tho natorialo, ¢lioatic conditiong, oo oezodulo
of voxlio otge Though lgboratory invoptigotions may gdeQ on opbiona
ncloturo eontont ot vhidh aonioea dry donodty of coid o anticipatod
but t0 nohiow Chat vory donoity at £2404 for old layowrg, of £41)
0ry Lo vory &fficult fop practicgl roasonse Homed g tolomaéﬁ of
mmca ip givon for oito vorhoe Again, Ghio toloroncd ¢p 1inits of
OstleCe Gopondn ¢ tho Lfootors oneZdpatod an obOVOe

Goloating plocoront nofoturo ouch bolow ¢a dry 0ido
io emfemiaa vith dam3oro Of tho don having Onedssivo potidc=ont en
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paburation ¢aglo thoro 4o o Mcst o0 tho w0t 08dd,y boyond wiich
opopation of cquiprontc boeoos dnpractienbdlo. Botucom thoo w0
1inito placocont aedoturo 80 gonorally chocony vith é:mo' mogapdn ¢o
othop factors inflwoncing tho purpecdy otability ond ocuney of tho
dene FOP 0mcaplog in the dry ropdon whoro wator nay bo osoaly 4t 4o
not pooniblo to placo tho £411 wob, whild 4n tho vof alfnato 4¢ vill
b0 4opoosiblo o dry tho £A1) matoriole WOl cenptruoticn Choush
fovelvog rck of conotruotion pord progourcso, boing CoWACDd; 46
odoe Redpn vopldag vith choop £eot rollors upto p oardior MofGs
Cogortholons edthos of tho t1o = dry or uot conotructicn « opn
eﬁméam owdtod to £203¢ eexcitions, in dool iing piaconint modoturo
ocrtonts | ‘

In Japony duo 20 advorco clinatio econditiony provedling
thoroy tho £330 aro placsd with tholp maturpl nofotuss contont
nootly vot cf cptioun ond tho icplicntionn of Ghis congitioms aro
conpidorcd 4 dopigne Tho conotpuetion ratos aro olov ond 24ght
Sonping rellors (360 penefs) aro ucade

~ InCva@om, ohoo duo o odworco wob opd ccod clinabo of
tho eccunteyy vot conctrustion Lo the only 2At0rnativoe

In Corpo Ponepn Do {Fr-neo), vot sumptructicn (8 J wot
of ¢ptinua) hod boon chooch, tho naxioen nofoturd hawlng bodn Madtod
by tko practiendility of Oqﬂpmﬂ@ cporaticie
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e conpoactd € contpol Cud opocificationn ard peosiblo

(4) *Popfornoned’ typoy and |

(88) *Quority® typo

(1) Popforcianed typa opocification 4o oo 45 whieh tho
typo € oguipronty tho nuobor of paocooy tho meloturo contomt ond tho
thictmong of o lgyoro o olated vith provigion for poyccat cf
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extra roller time to comply with varistion of scil characteristiocs,
(14) Quality type specification is one in which the final
properties of the conpacted £111 are prescribed.

Both e types Of spescificstions when correctly adhered,
will give simtlar results, Hovever, performence typs specificstions
g1ve & clear plcture of actual construction vorks and &s dosed om
comprebensive study of the behgviour of the soll chyracteriatics and
of various types of squipments to be employsd on the fisld, The
quality type specificationsIc;ic t0 the cholce of the congtructors
to decids on the eaployments of compaction machinery etc, specifyirg
only the aceaptadble Mnsity and mofisture content valuss,

Se1¢60 ZIELD PLACRMRID CONTRQL

Fleld placenent control of rolled £411 is primarily
neant to snsure that the density and molgture content gre obtgined
vith the lowest scattering from the valusg specified in the design
resulting in g howogernsous fille. The socner the density and acisture
content of the rollsd f111 gre deterained, the hetter, Different
methods of such deternination sre discussed ahead . Besides laboratory
tests | visugl obssrvations of behavio.r of the rolling process,
inspection of borrov gres by comparing samplos, help auch in
controlling field tlaommnt. In controlling flold placsasnty frequency
of eanpling and lirits of coapgction factors are decided dased on
size of the project and available hands. This.is also &lscuased
ahoad,
3ede%e §

This 49 dealt with separately iu Chgpter 6, Article &.3.
Stand pipes, pieztmeters tips connected to bounden gaugesy electro
acoustic manometers are soue of the types of pore water punm‘
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Anptallotica thob eab bo ucod for conouring comoteaction cnd poot
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' Seag that soils sre taken from correct borrow aress and

from specified depth cniys He plso determines inwsitu density
and molature content of borrow area s0ll in Laboratory and
conparas 1t vith specifisd veluwes.
ENRAIOMENL INSPRCIQR

Directs placing of soll at correot places and in horizontal
1ayors of the specified thickness, conforming to grads and alignwent,
ard assures that tho soll bas been mixed with required smount of
vater to facilitats compaetion,
SOMPACTION _INSPECIOR

Assures that required compaction eithsr by performance
typs or quallty type specifications are enforced at site,

ANORATORY ASHIETANTS

Takes seuples of compactsd fill at regular interval and
checks 4t in the lghoratory whether correct compaction Bas been
abtaireds If not, he glso au,uuta corrective measures. Besides,
he alse checks materipl of Borrov Area froam time to tiue and
compares 1t vith origingl properties of scil, presoribed for use
on the Dane
(11) }

Proforma are required to keep systematic records of the
progress and quallty gohieved during earth dam constriction in
different laysrs. Items of proforma may also vary from project to
project as per requiroment and type of comstruction viz, Folled
£41), Hydrsulic £ill or Dumpsd and Sluioed Rookfill. For Reolled
£111 construction, folloving items may fOrm anongst others part
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Above proforms,; when filled in correctly, becones 2ecord
of the work doms, prior to date of reporting, Such reports may
sometiaes be accompanied by short remarks if some point remains
uncoversd by above items.

Hirakud Project Authorities had maintalmed guite g
systematic record of the dally ujcvu of ths tegta ocarried out
for Earth Dam both in Laboratory and in the Field, and thess
have besn kept at Birakud Ressarch Gtation even nowe Such records
becoms a good guide for Maintenance Enginesr later on as he can
understand the propertiss of soll as could be achieved m the
dam visea=vis properties prescribed in designs and their
offect of variation om getual dehaviour of Dgas.

(411) PLANS

(a) RLAMR

»)

Plans and 4drswings are usuaily prepared in Designs
Directorates Thers might be aome ounlsgsion or comisalon and those
should bs immediately reportsd back to Directorate and get corrected.
Once the plans and drawvings sre finalised, these should de strictly
adbered to at site,

Laboratory prescribed values of coapaction may not be
e cononi cally feasible at field and hence field compaction factor
needs to be detarained by astriking & bslance between rescurces
at commend and the design needs., Gommrally 98 § compastion ot
2 § devistion, either on wet or 41y eide of O.M.Ce Of Imporvious
£213 and 70 § compaction for ssukpervious £ill (in profusely
saturated states) are sdopted for passing g fill lsyer owr
esbarkment, It 1s understood that for tupqnim £111 coapaction,
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though OsM.Cs 13 s controlling factor, the compaction ead still be
improved by controlling compeotion effort (dlscussed in Chapter = 4),
Hence, by reduetrg OuMeCe Gven by 2 % avd increasirg oompaction
sfforty the same compaction can ba odtaimed which could have been
possible from eompaction of goil £111 at O.M.C. with more pusber

of passes (an uneconomical propesition) by a standard roller.
Following gre some of the practices followed for dame.

' Compaction 'Devigtion ' Remgrks
i PRatto  from Q.M.C)

(1) UaSaBaBalma

{a) O - 180* o8 % 0 to 3 £w)

(d) 130' « 300° o8 $ 1 to 2.8 Ke)

{c) 300' « 430 04 ¢ 186 £0 3 K(~)

(2) IEDIAX DANS

(a) Eagaxiunansian
(1) Left sgrth don (83" high) 68 £ 0 to 1 %(+) Machine
. Caxpaotien
(11) Buggavugu Dam (98* high) 98 § 0toR Me) "

{d) Tenughat Dam {1423' high) o8 & 0told K ¥

(o) Hirakua Dam (198" Bigh (1) 98§ OtoR &Ky *

(41) o8 % 0 to 1 M) Mapual
Compgction

It would appear from sbove that Indian Praot.ce has
now standardised to obtain 98 £ compaction at 2 § dsvigtion either
on wet or dry side of OM,C. But, it would be batter to prescribe
eompaction in terms of various classifications of soll, instead of
marking a Osad 1ine of 96 § compaction for all kinds of sodl.
Indig 1s & big country, and quite a veriation in soil properties
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| In 0nco foundntion rosht 40 Bardy trontacn( lloo 4p
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¢ . surfaeo an pracidcatdos

(34) Uashing omposed aurfados vwith wator R olr
Joto

(%28) OJoaldmy tko cracho $0 roch ourfaco

(iv) Comaetdng $irct fou 14fto of corth cabonszont

ogalingt proparcd roch curfacos
} AUTARYT

Clopmdng ond chaping ©f feundution .24 quuteat rosks
aro completod £irvot vith orpth movieg oquinzont oo Lol oo posclible
ond £inally Dy nomisl leboup. Seaeticos caall chargo bALotdng s
tolioR veecures $0 rcnowo ovorhatzde Rock balting agy ooootisios be
(200 ugofy) vith oteop ohutazonts o Amprovo slability of tho olepe
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bttim, cement grout oan be used and the holes can m’ backfilled
vith cospacted earth, In cu%z:olu are t0o many and closely spaced
a corcrete alpd pour cver the entire rock surface will de 2 bétter
proposition,

Widely spreud cracks conibe treated with cemsnt grout
gunits or hgh water contant clay cospaction belos the earth core.

Burface fracture can bo sesled Dy sand cement slurry
grout after clearing the rock surfaces Fautlt zons Or large cracks
are excavgted and baokrilled vith concrete upto asversl foet.
| While ccapacting rock ag inst stoep rook abutments the
construction surfacs of the sabankment should be sloped away from
the rock Or valls for a distanos of 8 %0 12 £t at an inclination
of 811 or stesper. This helps detter compacstion by aliowing roller
to o0t mors directly $0 compact the earth against the rock surfaces
Rolling of layers should de done in thin layers vith smsller
equipzants 4f large rollers cannot be employed because of little
Spaces Shesp foot rollers are not very useful for firyst few lifts
of the constructions The mors irregular the rock aurface the move
desirable it 1a €0 aonpect the soll ot & high water content,
Relatively fewer mgteriasl should be usad to make the junction
impermegble.
5+3+8s COIATAICRION GPRRATION

Congtruction opsration i3 more or less aduinistrative
concern god its efficiency depends upon right selection and

snpléynont of excavation squipmentss Censtruction opsratien includes
vatohlirg their proficienty and ensuring the vork to specifications.
With higher and higher earth dams being taken up for constyuction,

the comstruction is beconing more and mors mechanised, Variety of
sxcavation znd construction squipments have come te the market and
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enly their wet denaity to De determined and plotted an sueh curves

dravn for the core to obtein (vg = vg) for the sauples Noresver
compaction ratio (Wy/wy) can bs readlly obtained in ome operation
by adding known molature to sofl gnd noting its wet unit welghts

before ond after such addition Of molsture,
: s *3 7 _‘:’ v s LYY H

AB 1oxg as 3011 specinen 1a not satucated there 43 no
churge in voluse vhen a compacted specimen dries upe Take soil
of ome gm dry weight, it

» = noisture content

ve, ® Its wot unit weight

was Its dey unit weight
Then volume of cow gu of &ry soil = ..
and nolst weight = (1 + mg) Ya

ot Mot unit vaight W, = (1o mg) vy

or (1eag) = :2"
Vs
At OuHaCy suppose mg gm Of water were added for every gm of wat
soll. Take sodl of one gm of dry weight
Lot ve = dry unit weight at O.HsCs

Pry Volume = _J1_.
. Y,
One gn of scdd (dry) beccass (1 + my) + (1 + mg) my

w(1em) ¢+ (1sm)

Vot unit veight of scil at OuMeCo (Wg, ) = —ydas.

Y Egn {1)

w (1+my) (1+m3) ¥,y
o0 limgm Ugg/ wg ( 14+ my) sves Bgne (8)
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differsnt betwaan two processes lles in tho Lot that Blif's
Hethod vherseas primarily necessitates repsating of proscter's tests
 with u ngmber of cores in ooe strip of rolled filly Bao’s method
invalves repesting proctor's test vith one single cors by addition
of two or thrse ainutss and deteraining coapsction fastor; by
aimpiified formula of Dre K.L. Raos

In & mutsbell 4t can Do stated thet though different
methods for detersining molsture content and density of compacted
soil £411 have been evolved, none is universally accepted. All sush
#ethods have their own imttations and different countries bave
besn using ene or the other method as per their convenience and
availatility of resocurcess OF course efforts have bean made to
inprove results by taking preceutions. In India even nov aonventional
Rethods of oven drying for molgture content determination and
disturbed and undisturbed sethods for wt derisity determination of
scil are wery commons Rao's method has besn shown to e qu.iour““’
than Hilf's Hethod and still forasr giving results very falrly
tallylng vith that of the latters In this context future of Rao's
Hethod sppears to s proaising. In future, vhen other quicker methods
a8 Yucliear Method, Refrsctive Index Method etc. are perfected and
theiy apparstises manufactured on cossercial scale, they will |
prove to be more useful for rapid construction eontrol vorks.
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~ In 8an Ggbrial Dam No,8, they allowed only dusping

of rooks from a top elevgtion, with g little of sluloing, This
eannot Do sald to haw been goapacted ond the result was obvious,
the Dam setiled by 12 ft, only in the next ralne. 59y if
*slutcirg’ is edopted for compaoting earthffll, 1% should be used
profussly to ensure thst all fipes have been wuhgd offs In
Hirfanly Daw (Turkey) thts method of 'dwsping and sluieing® was
suceessfully adopteds |

In Buropean countries, cospecting roekfill hkpm!bmd by
rolling and vibratings A recont sxample of this class is Quolch Dan
(128 £t high) in Scotlandy Effieaqy Of cospaction by vibrating 1is
nowvever doubted in soae quarterse Whils British Engimars claised
1%s suceess in construction of Quolech oanl " zenrer and zoxnmr"'"
vere 1ot very much impressed by its perfarmance on Gosehensnalp
Dam (Svitzerland). It appears, compgotion by wibrating £n latter
use Cofied Decause of havirg adopted thick layers ef rockfill for
ceapactions At Goschemenylp Dam, the dry density of the 1l
dumped {n 6 to 12.ft thick 11fts did not increase substantially
after vibrating vith V:n tons vidbratorss In Quoich Dys; however,
the method vas suceessful in pollirg cosparatively thin leayers - &'
thick rockfill, first by 10 tons smooth roller and then by
vibratinge Juiged us & vhole dumping and siuleing of rockfill in
~high Lifts i3 considersd more econonical and quicker than other
sompaction wethods provided other peoullar conditions at site 40
not outweigh it.

In soft rock ccapaction by atsel tyred vibration has besn
seen %o be quite -fncun-“)
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renains to be testified on o broader rational survey of solls in
dirferent regions, and see whetber Rao's assersions are right,

Average Year Density of Availadle
Rainfell i y soil

- W P> 9

(1) 100"-300% Maximum dengity of  ldeas of eam:mf

eting
avallgble materigl  "Sharavathy Dam'{Mysore)
as oarth dem 1n thig
50«78 lbe/eft ragion had to be
abondoned bacauss Of low
density of foundation
materisl and masonyy dam
constructad, founded on
sound roek at 100' dspth

(2) 80" « WO Dry density of In tbis region followirg
available materigl ‘damnhue besn eonstructed
arliey,

) Imporvious soil = (a) Hirekud = 198¢ high
() e ue, ™ o) Coransd, ¢

(b) 5hell matezriad « (b) Haithon » 264° bigh
116 lba/eft (Bihar)

A littie sifference (e) Panchet « 138 high
of 4 Jbs/eft between (D)

iapervious cl.% ‘ (West Bengal)
material and shell

natorial has to be

(3) Loss than 80" Dry demsity of Lower Bhavani Dy (Madras)
available material 958°' high 1s joested in

such yegion
(a) Iapervicus sold .
= 108108 1ba/oft

{b) angordma soil
120 lba/eoft
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Francs consiatirg of silty gravel in 13" thick layers by a 18 « 29
tons vibrating rubber tyrcd roilorss On the contrary o 6 topa
shesp foot rollers (a cemporatively 1ight welght roller) with
specifio propsure of 340 pessie gave satisfactory rosulfss
Apparontly though the former was very heavy romr-g 4t could not
give roquired contact prosoure to coapact the £11l. It aight be
pogaible that without vidration, simple yubber wm& rollers
¢0udd have glven a better geoounts XIf solls are placed on
enbomkrent wot of 0.M.Ce due to advorse climatic condition (wot
wegther) or for reasons of spoed and progress, heavy rubbar tyred
rallers are to bo preferred for coupaction of gand o grawd fill,
It 3lso gives satisfactory rosults on lowsshegr silty am otes
with light weight rubber tyred roller.

In oose of 815° high SwifS No.l Dan (UeSeds) constructed of
spolested and random alluvigl granmular mgtorial in the core and in
the sheld rogpeotively, the coapaction was successfully dome in
adverse climatic conditions (avorage anmigl rainfoll 190%), by
o 50 tons rubdber tyred rollor in 15" 11t in tho core and 34" in
the ghelis The lmparviéus core ond the U/8 and D/ pandom gramalar
obell sootiona were cozpactod wvith 4 paoses vherens sand ond grawl
tranaition sones roguired 2 paoses for obtaining destred compaction
(95 % of laboratory value)s It 1a cbvious, therofore, that the use
0f heavy rubdber tyred rollors cllows the borrow matoriols to be
placed in relatively thick 1ifts ond thereby results in economy.
Anothey oxample of tost sootions having boen gdoptod for deciding
odze ond type of rollers coh bo cited of that of Rosshaupten Dam
{Germany)e At construction sitey compaation test of varying
aurptioh were undgertaken with the moraine gravel (contoining
50 = 70 % of fine matorial 4) subseyuently eamployed in
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outfall drain 30° outoldds 10 intornpl deains soro £illed with

ricop grewily ond tho outlall draing with graded £1L00me Io tho
pAcoy bod, foundation exprisod of 10° oamior) épth ¢F prowol
&0 peod hard Pocle Thio €4 not poso nueh of probdlon phd 0D
fourdotion of Acd voo Aol by otripping Sop O° gracole Zmtormcd
ﬁr:dﬂno wrd, Rowovop, providod in thio eaco oloe londng €0 on
oubfall drotn pipos '
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Mpot tvo 4o dDUSLE by DoVeCe wore Ponchiog Hidl, €3
Rivor Damodnp (Yoot Bousal) and lnithor an Bivop Barkwp (Dihar),
tho pdvop portdons being ecuplotaly alocod by cmx*f:g%wuonm
the riwp bodg consiotod of 70'%80° dop oand owor hard oche
- Yardous ooopego contpol pigeurcs includiny obeot pileo ond WS
blaniot wre ecnoldorod for carth dod cootien 4n rdvor Bod ond
w1fantoly both of imporvious blonkot and chedt plloo weeo
providode Tho dans ayd verking catiofneterilye

{Rn3nothan), tho rivor 0@ cansioting of C0%ED' thich bosdeps

ofhﬁﬁﬁ“cmnﬁ oisoo amd aonde Upcn cubaff wao vOry oucd Crponoidto
ence ‘
aﬂﬂ/_aﬁhw altopmtivoo vopro congldorod. £9cdt pllos Grivins woo

¢edod 4n o ch-eaixg zoach 6f tho goction bus £0 d2d B2l boesD

emen
oticcgofule Gemvyaia Aoy grouting bad bBoen 2dentof o0 oa.alfornatico
- t0 cheot pilog, 4t vorlnd bottor than tho Lopopr but £o00n0 1080

40 otill omecmacus aftor congtruotion that com bo £o0m of <o oitce

JNLLART8A)

A% 200" high Bipotmd Dony wot Dueh 6f probicss arosd
during constepuction of oartlica coetion, o 4nn aAﬂgwm o808 ab
€20 plaeo OMquoly in the rivor Dody faracd of &0p pock chonmsl
aftop leng Orosione Tho oorth van laild and eoapaotod BoRO oftop
prapleg out vator and tohing uounl proesutions of rocoving osld
30020 roekos TRo den cogbion ved rpdnod oufficiontdy Rich @ €0
0/6 ¢o prownt tho rivor posoiny ower tho carth £4312r7 cocticn
dupdng thy oongeons Tho dowmobrondy hewowcry gob ouboopped undop
inflvone of backwator, oaét;!n eaetion Bavins beom vo¢ paloct oo
hich as ¢ U0,
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Thig ¢~ otild undor cometructicn o facod uith uvndqued
goddesdec) prodicuss Rivor bod compricon of 707 4cop conrcd oend
owrlying 14n00tono, AFEon rot with Aapco erovicdse CutoRe

tronch oxzeavation and baehkfilling vith imporvious clay toquised
onerodun $ovatoping and its Lden was oboadomod in wollo of o

rovo)} tachniquo doveloped by /8 Redio Heozort and Foundation
Peqdncoring Coe Thoy adopt Rodfo Maoreead Othod £ troaching

10 vidq olie pond wallo rempindng in penition due o uso of hogvhor
then vator Bontonite selution; ond aftor maching rogudsed dopth

of foundation, tho tronch 45 back £4iled vith trinlc coneroto

{20300) havipg 7 oluip (appron) which ooto in pooiticn oftop
rplacing dentenito oclufifeny boing cueh 1lightop then conosdtos

Shoy a0 cast 4n convondont panclo ooy €0 = €D uldn cnd glwo

wCry gapld pra3svaoe WO procoocls @8 frondding ond goaosdting o
Wopted in cloraato pemola 0 pdlou CI00 £62  eonerOto $O pobs

Zn foroipn countelogy thoy havo adoptcd €no rey of opasdtd

A rphrandy an conepoto eut off and it hao vorlpd thoro 0atliofacterily
but this keding firat oxporiene in India for Eprth Dadoy COublo »ey
eoneroto Glaphremng havo boom aduplod ot MOrpy 0 O ot ood tho
M’comﬂiaggia tg-sv&m beon Grontod vwith eacnical proatinge foek doloy
tho &laphronn boluz ol vith largo croviedsy Bawe beon adguatoly
troated by cczeab groutinge Liguofacticn of Gbra oord wddp carthipuali
intoratty €2 Gp 00 for Cooorved im tho rOglony hos 000 eocdpioinod
by Scots t0 DO & diotant probability axd boned L6 warrontcd 2o
mwei:or troatsonty enalnsh thios
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£i1ty ooy Datoriod (0f1C 60 « 80 $) avalloble in cbwndone ob
conotpuction gt0s This clay could not bo ceapacted vith [mowm
inpleaonty by pope than 00 ot oito; though its progtors donoity

in Loboratory vao anedPiairnd to bo satisfaotorys An cutright
pojoction of tho oedly nvollablo in lnpgo quantitios £og usd 8n Gho
drn vould have boon quite wneonoaicole Thoy ot ovor tho problon

by doelding to use thin matorinl on tho /S portiom By adcHting

o rothor unopthedon typo ¢f senimg < tho oarth dony At o 0O
4nclined gomo of Cho dmporvioun cofle Thip matorial vos 200
eonefdored owdtablo for boinn wacd 4n tha U709 zom gbovo icuwtop
2iroy Bogausd £ho otabAlity of tho matorind duriny gudiom Gpovdeian
vco doudtode fnothor predblca aroct out & conotrueting o positivo
eutoef in tho pivor Body thioro wator otood 20°%=¢0° chow Bod lowd,
S0 €on boing on U/0 of Rokrepara Yodrs This theoatoncd dorgd oendo
cOCpene whllo conostruotion posltd o0 eutsffe Thic hao bocsn oncountosed
by ccantruoting coneroto dicphrerno by Rodio lareenf otlind, 0 ¢n
clthop gldn ¢ tho cute?f trenchy and thon proccodirs vt onegvating
porfdous natoricl 4p botroon ohd baanﬂuﬁm vith cemaoolcd
Lopopvieus natoriole |

(o) 182% high Tonughat Do hao coxn of 4%o probdcis oficllar
o Chat at Qdpo Doz and An that ecntont odmilar tx0aGacnts hawo
oon adoptod in rivor bod cootion, rivop Dagodor DO huving €O £
A0Cp coareo sand, owrlfing flocurcd aml jointod Gnolceo poclos Tvd
0000 Of eonaroto Glophrern 3 0 vido amd 6 0 apart bave DOOD adeptod
qpd goalcd 0 foundation roch bede Intormedinte somd Boluoca the two
dAophpeono o4 the Lloourod roch Dok aro to IO grouted, oflor

this Deaseons (June '67 to Oct '67) -
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(o) il hoight of 142% hiph capth poction in (e clvor Bod
v4dth (10080 £¢ 1e6ag) 4o to bo comploted 4n B uerking ounthn olartieg
£oen Novordop 1967, In contoxt that tho conotruction vddd bo quito
rapidy oll procoutions are being tolion to hoop tho construction poro
prooourd 0 nindow by Cdmoerving plozamotor and providlng agiguato
émimﬁe arromgenonts ot intorcodiato losodne In tho poglon
uhoyoy Tomushat Dgn 4o bodms builty wit volght of $rporvicus and
coindepofricus natorialo ore quito cloco vis 132 and 310 AD/efC ond
papncability vary Dotucom 3 to 10 £8/yoare To imprevo (rainaac in
choll matorial of tho domy, ovon ¢n the flamio, both & WG and D/8
of (30 eoro vao o great concoen of Dopigmoro. Tho e has beon
ovCretno by providin: intoractiato dralnags bLonkot ea o U/38 fae
end Snelincd chioncy oo tho D/0 (vido FigeTeB)e ZTho #/0 Liaphob
331 Quprovo dralnpao oopocdally Gurde] cuddom ApaUCen cuaditiomss
uvhilo /8 ehioncy will &oprowo draimmci%%adg coopeno olatsy
ot dfforont rocorvolp wWALOP lovoloe |
{c) Coarco pand &n Rivor Bod oztondo to CO' dopth cnd 4% hoo
Lboon ootabliohod aftor olnwlating carthqualio conditiong, by
caplooiva blasto that 4¢ vould not liquofy undor oarthquasly of
intonnity 6, for valch tho dan 1o doalgnods TRlD CBOWOD Dofoty
of tho foundation daatnuﬁ 18quagactien ayart feom 014Anating dnfructy
cect uhich night haw boon incurrcd to cempact the rivep hed scpﬂfm
Homedy no furtlor treatoont ¢ the riwre gand g bedry propescde
(@) In o0 Wadkogy ntrata bolow cwtoff botten lovalp
cxteading doop wndorgeound ayo 14koly 89 couso Onorasis Aoco of
valor due $0 goopane 4F no Gronticnt 2o provicade Hemed puch £0pions
aro iny prodbod by ip=oitu porzoability tosto ond they vldld bo
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(e) At dam site quarries are located quite afgyre Hanee
inalstance on Yeing graded filter would have regulted in enormous
expenditures An sltermative to it lay inwing river sand which
s wll aatzumm criterige The same has since besn adopted
for use, |

Severgl other construction probless mgy ariee t‘w a
particuiar project which can be owvercons only aftir investigating
the factsy analysing and tsking decisionswith a good undapstanding
of subject,
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not onecoding 100 £% 4n hoight, An edviouo inforoned may b that
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o oyotcaatie otudy of oueh £afluros wro tohon ¢ pricy O 198D.
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1$:9) Motoned of propoced dan odtws £ron opleo o
¢? Mye fowdto in tho rexlon (4F tho od¢D Lallo
in ths cofonie rogion)
{12) amimen mognitedo of corthquakos Cooundns 4n tho
rogion Guriny hmovn $ird of bistory ooy W0
Joarny tholp SLrcquency amd dlonotor ofld Asplitudo.
Tho noro tRo Anformations are (obhopody cba BOREOR,
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Pgn, {Geld) indicates eﬁai tho aecoloration cpucod by on
oarthaualy dogroagcos rPapidly with 4lstgneds '
(2) Eqno {Gedn) vovoalo that o shord poriod wave (7) will
couro bigaor gecolopation than a leng poriod wave for o sed
Dogritudo oF ororqy dvanomittod An tho ocartbouolte

(5) o0, Tinotle Bmoxsy 4n cbowo cocd m)mpm Heonome
. 80
notion) enp o poprosontcd by folloving Bane
HoBe o JL&.?,,, 2 . soo  BgneT)
86Ty |

Uhop U 5 UG of tho body

a © pecdderatian

n 8 mEdor of conploto vibeotiong por coecxd ,

BqneV indieatog that HeBs vaprico diroetly vith (Ko oquaro
07 s acocloration ond Snvorcoly wvith tho nquaro €2 S £ooyuindy.
&hip leado 0O cxc tbat aeccloration gland 1g oG o oufficiont
Booowre of tho Eotructhvo povor of vibratich, and both &
aeacdoration ond fmauon@ of oesdlopation chowld bo studlod tegothor
1n ovalusting A4hody offoeto of enrthquakoss This i oeussod
Doldow in qotolle

A ohopt poriod vavo providds doplaconent in Gypealto
dirootions 4n cuel o quicl pweeosodon that tho dwa ond 4Go
fomiationn axo Lihody 0 pgot ovspaeted ond thoroby codllop
eaunirg rodection 4n Lm0 board of dome Homeo, %o provids oafol
agoinot £o8lare ef oprth domp by oworptopping cnowgh Lo Daard
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£hio Coop oot gnuch tacdh annfofy to Dmyincopo op W0y oo pduvays @O
iGe Gn tho eonbpavy, loms poriod vawasy anpaaring at fupthop
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covord follurd eould Fopult from chancdp OF ¥O0GNaRCOe Hotovopy
sinao tho acealorabion caucad by an oarthgusko diog out ropldly

e Qlesntzo, Dope (Gel); 4t oom Bo concludod that tho leny

porded wowop, noot 1ikoly o affost otability of high oprth demo
vould Do corfincd $6 o eortain somy at a e2rtain dlstoneo fraa

tho cpieonto of carthquolto diotone and ito width will bo opandont
upon olno of ogrthaushko (megnituds) ong charaoctorioties of otrata
cvoriying opicontral trocte Othor inforoncds arCte

(&) Tho sogtor tho noll, guichop will bo pboorption ¢ tho
chocl vave ond Bonep oron elocd t:l cpieontre vill bo Dont offocted
.00

by carthgualon, ond 1Co vidth vonld/bo omnils Honedp cliuvdw
pinins 40 aleoo prominity of on opdeontio ool bo ondd 10 bO o
velaopebdo by cortaguctics than Biily Sracts Sn tho ecatonl of
chooring affoct of dsnne Aport from that, thio ooy eausd gsoator
ccapaetion of tho Loundationy cawsdng gp0 0op COGllorsnle Pon itoalf

vAll bo loog @itlen) oo rogords 4¢o consalidstion.
{0) Borth dado buile on cooierocky Loundation 10-830 milos avoy
gron tho fault vEll Bo consolidatod mopo and chanedo Of OWFtepples
vil) {reroarde In tho nené 20 nilos op coy tho gsentor Ganger vill
b0 tho ohoaring of tho pldeop Lron B tUe oloposs Eoyond (0-00
ndlop avqy fyan tho opleontro of Sho oorthqualwy oprthquoko fweo
vE11 Do couoldowably oraliop, wnlooo th plno of carthyuwdln o o
S0 e ®Op(0f oagnitedd) ¢ 8 and hipghors In 'rc:sﬂ;on vhosd oarthguealoo
¢ cloo 8 or ovon hichor 4o ‘mﬁiﬂipaﬁdd tho nffoctod rogion ooy poach
oton Loyond C0=T0 nion 4n vidth.

Follovirg eotntcmaaaum muot thoroforo bo talion 4nto
conpidoration of high carth dem in cofomie rogiomte
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UPoTidn aGditionally fer oarthyucltoo 4m £200
board of carth dong to avwodd fAAluroe Uy
overtopping. FPEd board ooy 02 L00:0000d Dy § GO
§ of nomal £2co boarde |

Earth dcno chould bo thozoughly ecpoetcd ot

tho tino of conntruction thoush tivzo 4y ovidene
to choy thot such dono comsolidnto otild fupthor
Gun to dynaode forcao during oprthiwngi=o then
obatde forcon a@pugeas;mrim eonotpustions Lyon
coheoivo gollg oF BOBB a0 olpo found €O COtilo
widdgy vibratory condition.

Uso conptruction mabiripds of hich chooeing
ptrorth availowdo moor tho comolracticn odto.
Thip mindnipon chphedo of Lollusoy GBu GO
clipping of 6icpop OF eausing Jonnitudinal crpelis
«2. Ghen tho plepop ef oarth dente .40 cboo
ofnindcos <heneds of olepos olippdn] ¢ Aangitudingd
oroeltoe

Avodd cenptructing high oarth doo PACRS oereoo
tho 14v0 faultoe Thio will aveld chnmecs of
choordng off of tho dam.

Uso fnclinsd 4rporoaehlc cord inptaad of vortierd
eordes During carthquakon, vheh écon wideoto
tranowecoly, S0 olactie proportios ¢ tho govo
cnd chold mptoriolo bOdng dlffosont Swad oo
othor, thoy vibpoto cut of phaso ond thozo Lo
tondoney to scporate out nt the juncticae In
thio oventunifdty, the sleping coro by wigten of

ano ©aon roptiny owr tho othomy, proveato tho
tondoney of copupntions
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(g) mezor tho dcn of abutconts prepordy vith i)

0d&30e 00811, thy Junction bolng o wddrahlo
padnt, Docgurd earth deon and DEXY 0l Doy
vibpoto out of phaco, oving te thopo &Lfforeng
vibration chamemﬂsmm junctica gheuld bo
buddé eh Datorinlo baving high chogring otrongths
| Thio providoo highor rosintancd 0 F300A8RC al00e
'.etai 838asm3 of tho dcIp ab bago 49 o poncibils ey,
¢aping oarthquoloo of highor mnﬂ.m@a; Thin
ohowld Do oopoeially tWatod duriry Co-"AAty
analyodo OF carth dom coobions. URdvonsdop ot &0
junction ond 20 boso woll onciorad $0 fowndation
Ray previco ontes oafoly agoinot oudh olidinge
(@ Cenolidato TOPVAGIS faundation, DOLOXD
eenptracting Ccorth deno 4€ thepo aro caneop of
liquofoation «f £4ro sond 4n o foadaticn
during oortagualone
(3) Demat cobcl cutlot otraeturop tACh o body of
done Thoy chouldd bo loeatod proforchly coporatoly
@ £ionlo ég@ndialos‘
Opleds I o LEALAPAGEX "
AL 0zCopt Oth eountorendasurd oo ou3gentcd 20 pors
Os2ef gan B2 odoquatoly £o6 vith by censtruotion onpisaoen of 04Dy
wH10 comeoreconsurd ¢f omolidating porviows foundation fordng
£4ry oamd 40 mot tory cocaom abd honeo regulzoo collobopation ¢f
GooRogioty Boicnolosdod and B6l) tlxchant skuporto 80 R @oe&ov
t(Do frsplacd 0aB8 40 Liboly G0 ldquofy wédr tho onloting oo
0F cendition ond onposticd intonpily of carthquulos dupdng A4 tino
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of tho otpvetuso (say 200 yooro)e Dotaldo € Cvo cuch Mqusfpoticn
tooto 4n Indlg aro avalloaddoy vime of (bro ond Tomughot oomd o
ofd ﬁhﬁy aro pu2arily progontod bolouse

mnum oL M.quae@&ion of coll 10 5 ecncogne of
inq;oace 10 poso prasou, 4uo to upuord bydrouldie gradiont wvhich
Qcf BO ecwI0d by dyncnio looélng of corthyualo. Tho roduction &n
oboar otronith in thdo oo (opondo ¢n caong othor Laotorgy R
graln oied &F oong ond tho dompdty o doposiSe In £ino somd tho
poduetion in ohoar otronath ooy Do coaploty wiopoos AR ¢dawcd oond
44 4o oochamienl proportion of opmd 12ko grain olzopy weifornity
acogfielont; pornoabfli(yy poropity ete. only vhioh wouldd ngho
thcn cumm':ﬂmo %0 m:mummr-ntcm)- Bovovor, lator dnpootigationn
haw ghovn that thooe aro not tho cnly Lactoro but 0 chgrooctorlotics
of Qdyrpnie 1024 ouch oo caplitudy, froquongy ond dlrooticn of motion
oo 300 importonte It 4o mov 0t that tho phonened 4o o rogudd
of tho eollapco of tho otFuCtUEO OF nond wilch ousos o addn Fioo
An poro procourc that oammot bBo Glooipated dm0diatody cng locd
te igqunfaction,
o Lmgy that for oondn
8 o (S ou) ton (Bgne 0.0)
vhogo 8 o Ghogr otrongth
| 6 o Fobak morood oteans o (Y. a4 wh) (Vide Fig.6.3)
U o Popo proosum | |
P = Aglo ¢f internad friction
ce O motanp vhore S 45 offoctdw otroon (6o 1) Eqﬁh
12 paattican) poro pwaauwn aro davolapd boe»:msa of

Qymrale load, oSrowgCh bBoeomp
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(8) Gy, = (6=2w) tany {BgreCe?)
choro ® o Additional poro pregsurc o 7'mh°g h' bodng tho
p@ditiongl kocd of walor duo €0 dyncole loadge
thom &= Yw-b' ghegr ptrorgth 40 zoro ond the pail
111 bohawo 18ko flulde This S0 @oRimd a0 1iquagactions ERO upuord
hydrowlie geodiont for thio ostuso 4o givon by
Tt Blocon G
(050 b o CUNTorged wndt woight of sand |
By © 8pe gFe &€ oodd osodido
o o vold patio
igp o Critiec) hydroullo grodiond A
I the veAd potlo of 0all 40 elocd 0 0.0 c2d 8 cdocd to
20 %, £1 and B'al .06 for Lquofaction tO Gaio phacd
tho additionnl poro vator Road cguedo tho @opth of vhich Aquofactien

18648 m ab Tomghat in tho yoar 1967, for felloving purpocoosw

(1) o dotorainy 4 Liquafaction of Cpn 0oRd & that
ocours wndor sinulatod earthiqueko Aeaaaa%;%,f"g%%ﬂm
{3) To comparo tho ficld rogulto vith thero ebteimd
in tho Anborgtory oaruwwm and
' ond Tomnhat
(§:3)) 70 aocortain 48 eeapaction of tho GPqmond eon bO

gorvomontly ec=plotod by blgoting
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acterdatios of Gbra & Terughat sands

ars char

Characteristics ) Obra gend . W
‘. 108 Yig«Ooéd
' ~ for graniing
¢ ' cowver)
_ L ]
3s Gpe Gre of graing | 2,81 82
2o Noxiwum vold ratio 04 67.8 § (LI
Se Mintmm vold ratio &, “w £ 0
G¢ Dry Demmity dg. - Je76 g/ eee
Se Dry donsity dpe, - Lt ®
6. Uniforaity coefficient
tu ¢ s Dy ) B.48 2,29
A . .
10
7« Coafficlent of curvature
o = "uw)g 348 -
Do X nw
8y $01) accerding to {sP) (3P)
I8 1498 « 1938 o

(Reguirement for (9P)
Cq 4 Cy® 13
P¢ Helative Gensity 12" depth » %0 §
40 depth » 80 % Hot aveileble
28! depth - N §

Infeyences~ Tenughat sand is approximately o coarse ss (bra sand
but &gy and e ¢, are both quite higher than thet of
Ooras
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In @0 Tablo 10 04w o fago of ‘1ntticl intorgramBor obscas O
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t3o0ting hio oaxines change 4 poro prosouwo &0 Lound 06 Lo chout
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in S0 eonddunion vap Shat o (08t wio domo with o oi~pio Dlaot ot
a ¢80 ond honeo 4% did meb ololloto tho conditlonm € acbucd
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£ Gl a0 dpalticse patd of 4eSividunl £ooood vworll uan oub
‘ghor( to holp oorly disaofpaticn Of poro proggurds Uoli Bamy 3200
hiphy wos comptruetcd &n § gonoompy koned thiop intoraodinto
doadneno Diasmot could Bo convoniontly providod ot ond of ovory
coaoon’s worte In enoo of still highor dsmoy vhoro GO conotruction
progrio 4o cucdh oo €0 ecmploto o 1ifh of 80° « 100° &n om0 gopoon
Pugthor altopmatiwo well have o bo thought owre Fop aBoaplos
intorcadlnto drainane Mlanttoty oayy sadd £41t0r at owWsy B! » 200
intopval Day bo o goed prepositions At Romushat Do (Dihar) ubogo
thio predlco 40 notuplly to U oncowatordd mont coooomy o odnilar
poeoured will Bo holpfule

tlaglm?( ) hao givom o¢oo Nuonian Practicco 69 Gacklo
peevdcan of High Barth Mo Enoily and eonddtican of Co8cie
netivity. Thoush o Onorilos ¢, in gorn 4lfforont ccatonty
cuthor folo (hat tho mthods preposod for achfoving ofobiddty of
high ogrth drao conotrueted with hydroulic £11) cothody in codpnie
6Cz0 eon bo woll cdoptod 4m Gap country wAth Pellod £33 Ao cloe '
Rupoicap prefor $0 ueo soed 4n dan comtruction BOGUSO i'tu
bBighoy ghoar otrongth and involving loso dralnago prebloride
Tolle Walnlevy ap Uully Esport ot Contral Yptep & Powor Ccadicoien
hind alo0 booRn cdvoeating vory otrongdy cbout woiny oord matoricd
ao fap ao pesoiblo on high oarth dans in Indiae Dogausd of 4to
Boving pood droininy proportion and choaring otromathy, conl ead BO
peoforesd £07 such ecnotpuctios,

8¢a0 coetions with oand go oajop comstruetion natoricd
a8 BO prepc2d ao chown 4n FAg.0.0 vithin linitn of cecncy £62
vator eoncovvations Any problcen porlaining to 1to oGobi2ily undop
o0otio or &ynonic conditicn £0ege Dapthguahon) canbo Oplé wvith
at Dooigp oSasop cupplenontod by loboratory tosto. Bub £op tho
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Ceastruetion Cnidmorsy chovo ohtorma.1%0 grd MesenHie und ean bo
311 odoptod 4o Indin €F ofor gounbriog BOQaAuCO 2 ean aecddogato tho
pEEArOso HFf vt congtFuctlion vithout fonr of ondongoring ho otabllity
¢f ogrtd dca cootlone

A tadpd pltormativo eam bD sugsootod S0 x0&ues TR
thicivess of fmporvious seetion of ocarth drap t¢ nivdmun, valeh o0 o
potontinl sourco of dabgor to vat conptruction on oarth &*:m cnd
148102y to couco high poR3 pROSOMLOTe

Paooage of uatar through op undor an aprth 4om 1o Imoun
no pareodaticny 4%0 2400 40 011104 porsogbility ond tho
fnoter podating poranebilily Lo unit emmditionn of eonliprdd o
tored a8 ccofficteont Of porzonbilitys Simea, odm of o conatruction
orgimoy caongol othors $o to allov o0 MtGle lono ©F watop
throwsli €2 uador on oarth dem uo poooiblo (vhich 85 poonliblo by
mokiny inporvious cord impornoable) control Of pornochility So ¢o
Bo gfudicd im thio ecatonte
GeSele QAIRLA OF PERAMEARRLRTN

For purpocos of earth 4= conotruetion, coof¥icdent of

gomcab&lﬂgr for imparviouny somiporvioss ¢@ porvioug Da%orialn
Batv bhoon geeoptod an bolovte

210 W nffAcdung of Foranbild st
rpopvious gofd .}. £oot a yoor
Comiporviouvs goil 12100 £¢ por yeéﬁ
Popvioun o0il Greator than 100 £&/yoonr

Hovovap, doponding upen avallability of natericio loomddy
avom o porvious 0ofdo (wmuablio ao chiodd matoripl) hgwo Boom uccd
cardior ao doporvious parto of corth énn (eoro atorfod) cad
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V3o Wrone In disferontiating botwoon ogoils fop Aifforon( parts of
a] ﬂmg o rotio of porneability of 100 4o pomrally &mdeable bub
m 4o aceoptodlo 4f o groator ramyio ip not roadily hidaingllce

Control of wstor 1@3»:: by way of pereclatiun ean o
achiowd 4n tho folloving throc wayot-

' (1) By reduciny cOofficdcnt of pormocbilily of
irporvious matorinl of tho ooll £311 oy
fourdaticn pteotns

(2) By rodustion of hydraulde um&iem‘; by ineraszsing |
£0Cpal0 poth
(5) Dy cantrel ef tho offlucmt o hydrcuile hocd
by providing £ilCors 4p tho dro and gominge
02 tho Shreo wayo otatod chowy (8) ¢ (3) o mattors
~0lating ¢o Dooligno opd would not B dipcuoced horce Tho £ipst
peant 1.8, 0f Oducing coofflciont ¢f pornosbility ¢f dnporviown
natorial of oofl €111 com Bo adadowed at pito by comotructien
orginop in furthor threo woyste \
(1) By justeioun selection of Smporviows motorfal
g qualdty cantrod |
{2) By coapaoction control
(5) By the uso of apdditiwes or grout

- Oneo polootion of dopoevioup natorind 4o Dade foP weo 4n
tho body o carth 4oy thoy chould not b2 intorminslod vith pedlo
of obbar DOPYOY aroans oawmariod fop wpo 35: scaipervicun op
pepvious zonoge Thin neodo vioual inopoction aa t1l a0 LOPPGY
aren controly dlasencocd {n Chaptor Oy coplioze.
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8incop 1esp 0F wator by oy of poreclation COponds wyen
cooniot othor factors, tho volds of oofl, the 1ggsor tho veldoy tho
ioooer wonld bo tho lons of wator through bmiy < drae HOngy
coopaction contrel chould bo ogfoetivoly mot with, shich Conodgics
tho oell by rodueins voldse Chsptor 3 amd & dogl uith ochdoving
requdred acopaction £or tho dam coction by bacwr qmw control ond
chiod ¢ of coupaction sothodos But 4t doos mot givo 2¢oa ¢f actupd
pOFTIability of tho cozpactod solly vhich dopondo upen ebzotificntien
0f ocily Booddsp tho meily achloved for tho goetions Tore oo
Al gforont nothodn to £4nd out eeoffiolent of porsoability 4n tho
Labopatory, but £or Lnowing actupl pormoablilSy 6f oon)octod goily
im0y poonondbiliQy tooto should invardobly bo proforacde

Dopignatdion & 18 o Uas.ﬁ.mw) 20 o £4014 S0t Loz hnowing
vator loso through a beeo halo in tho foundation. Tidc hiap
cortain Mnitations and 15 oblo to 04V omdy approzimatd rOowlos
For onemplog 4% ean giwo intogpatod pormoability of o 0Gpalao vithoud
ceauointing vaothor tho otrata 4o olratifiod or BEOIOEI0UO
Knclodre ¢ Cho laticy part 4a of an much inportones Boonun0s
4% vil) wolp toking momros to sorap ond $0epPoll earihfil) op
soureh for cord altormative imporviocus materiple Agaln thowe &o
maﬁhc:mtﬁ.cal linditationo of tho fomua'a used far £4234 pormonbility
toptce U,0uBeNe ¢00p Tt Ancludy thoro toots for construction
conpal of 0aPth dengy and coutrol pormoabllity Wy cmtrarling
coapoetion cfforts cmd quolity controde luiics Jcods 4% oo
Indivoch vy of Oxeprcicing pormoabildty centedl and deop 006 think
1% o eorroed practico. In tho nbconed of ony Moy inegitu
posa6abidity Cootop 46 would bo Eolecblo to pdopt UsSeBeBe

o |
4ompitn porooabdfdity tool Bosignaticn B 10 o D !B"' ) £0z
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frogquont cbecka, say oned in ovory 10 £0 1408 of oppth £423, tho
iomath ¢f don beinn wootrieted by convoniont wopking 80 omy ofROtEd

Goy 1000 £6 or moros goyo gusddoh Mothods far Flold Pormondildity
" , i m nnmem | GODUDAL coh bo goon of néin 3¢l of
Chqpﬁaﬁ' -

Cheatenld zmm or cloy grout or a prococs whieh holps
poaling op rogueing th volds of tho coapoetod S8ML con FOGUEd
porzoobility of thy goll to o cortaln oxtonge Similaslys uco of
0da8iei20 Cony coldweomont) say o holpful 4o giving o oo
poovious nonbranss Lo the ogrth denp, vhore Anporvieus oello
20 oot ot ol avallablop but thodr officaeicg roasdn yot o bo
cotablicho@y booaucy ouch ﬁcchxﬂquoa Bave ot yob B3CH ndapted
fop high carth deoos dovovsp, wo of «4ditivwn or pgroro Davo boom
succoctfily uod fop dox wving o pormoobility of OivrAcko 49
cocs of bachkfill motorial of cutoffoe Both Odorn ond Romughint
Projcets havw wod groqting to cempuct and COnodly oond botvcon
tuo conorato dophramage Uc? 62 odditivon in tho DGy ¢ tho éz3 enm
o voll B0 Calon Wy enuticusly thoush thoro ooy B9 dimcio 65
Cavsdoping oo onteg pore prepsourd waich oom be overcaen Ly

providing adiquate drofngge orrargononte daring conobructlion,



Corotruetien Contzol of High Earth Doma eon bo Oropcloed
in U0 voyste |

(1) Dy controlling quality of tho vorks

(2) By contpolling. progress of tho vorkp
A ALTEN su:‘ o
To oontrol quailty of the worko mqﬁﬂrca eoptaln gpocifie
anes.mtmiggm ond otriotly follovodsfueh spociffieaticns aso of
tro typonie

{a) Porfornened Typo

{v)  Quality Typo _

Both typoo ore oqunlly geod and useful in qchioving @nﬁma
quality 4o tho voplo providod obly corpoet gpocificaticnn aro odoptod
and fellovcds Laboratowmy obd Fiold Invostigations aro Rolpful 4n
froming ouch opoedficationss Such inwotipgations are odso uooful
] nf;w' problonn poculing €0 o particular sith omd thcnflop
to £ird out thofp rcnodicl mocsurcse Founditdon fronteont mood bo
appiicd vory corroetly cndy nloquetoly after otudylng nitc prodlcase
YoleBs ZUE LENCY

To centpod progeoos of the vorito roguiren that 400 of
@ opoopd choudd o wiiiioed to tho fullooly by nanfpudation f
all tho pogouredo ot sozaand. Criticol path mtned (wotuvork
tociniquo) &0 tho boat ¢ood fop 4C ond chodd B2 applicd to all
projoots big OF caalle T0 rodued totodl tino of tho projoct withoud
locs of gqunlity, pmsmao bag €0 bo geeoloratod vwith cothodn vhieh
POduco 2 of individunl gotivitioo but do mol dloponsd vaith
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Quodity ot Cho onme timde For ozmanploy paooiny o £111 loyorlupem
hou onrly mofoturc contomt end denolty of tho £8A1 oon bo toroincde
Rigorous mothods talko t00 Queh t1zm0 vhilo gppromacte Eothod eonnot
bo mmm too Lare i’mm n¥e s%adl som irapldmothodn 0e g HiXEL's
lothody K.k Baa'u Iothod vhtch givo engugh assuranes Of tho
roguito Boing a®oguatoly corrcet for £4014 purpososs Gco ultra
podern nothodo based €1 muclons and Rofeaetitd xéndcm Principloo
have cdeo thodr goat Lutuso 4n progreos contrpal oftor oush |
opparatinoes aro mpufactused €a conworedol oealle Pondiwation toote
gor oopuatng nofoturo contont ond domsity ef cofl £11% are aloo
ugoful for repid canatruction controle 8026 of tho inportoad
Lootern ehich holp 4n aceolopnting ¢ progroos ore owlarAcod bolouss
(2)  Adopt tho gquickool foaoiblo cothods Of dotornimiry £iold
conpity moloturc contont ond porooobility ccofLiclont
{(24)  Piz "Cozpaction Ratie™ ¢o o mindnun possidlo {oay 00 )
vhlch woulqd holp aecalorating progross but without goorificing
dpign valuo of Gonoigy ond nolotupo eontomt of ¢ho ceipacti< £4ad
(244) Doercacd peopling froquency 1.0e rate of friquency dﬂpﬁﬂm
cn ualforaity of natoriclo ond £ic2d onvircamonto.
(47)  Ineroocd thicknoss of layor &f oarth by using drprowd
notbedp of canpaction unktn Bofitting tho ypo of 0ol avallablo
4 Lorroy arocs |
() Doero~Cco munhor of paoscs of POMIOrD by woing Eoovy
cepaction unito uvithout osorificing any d2oign epdforfia
(vi) DBgorcdcod pigld control of borpgy gran Lor avoldlng
s odrablo Datoricdo $0 ccno to ombopheont
(vi8) Frono corpoet opocifications. bacod on toot cogtiono
(v238) Uro CoPelle (FOtuoslt Toehniquo) $0 codrdirato LOLuCIa
di £foront worllp ond POOCUPERs ot eozaand, |
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(gn) Lopley &notrulzcntation 2iko plogentor ond sotticziat

oroso o8 $o opgure dovoloping poro prosgurcs gnd gottlomsnts within
1inito both duping ond aftor conotruction of th? doms '

Tomg;haﬁ Dam with mayxiows holight of 143 £¢ 1o rodlody zonud
carth dony 40 Hozaribagh Disteict of Bihar and cowrg n Sotal
longth of cbout 6 milos (213 Ch) ineluding Gykon ond OEdeRkEoRts
Tho dem £alls 4n o roglen whoro avornso maximun rainfodl Ao ovop
089 ond 40 looatod ower Rivorbeﬁ:%modar draining through (v Diotricto
0% Bihpop, 9@1@@ G Hposariboshy 4t ontors 4nto Uont Bongol Otatos
Ponciot HE1L Do (DeVeCe) $5 about 90 miloo D/S of Tomumhot Do odto.
lladn nio of tho projcet 4s to cator 0 tho moods of Betard Gtcol
Pipoat which 10 loo.tod about 28 milop D/3 of the dad ofto amd %0
gocd othor ancdllory industriop ¢0 coze up An the roplones Tho gito
fg locatod 4dn o hilly tract of ChoCancapur Divigion ond vadloy 4o
GRELO vidoe AV-AaDiLLty ©F ocidl oand ooRd ao cmntrucsﬁm'mﬁmrin&
4n otundancd at don oifo, ond the vallay boing vido ,olmeat &letatod
tho eholeo Of ob egrth dome A gonorsl aligmwnt of tho 4l 1o sbown
in opeloood Graving (FigeTe1)s Tho don oMpmiont dotwcon 0 7h to
100 Gbe 10 0% &n otrodcht v that botwoen 200 o 817 Qe boeauoo
02 tepographiosd repsens vioe ondo hove beon comnectod $6 avallablo

DAllo on th0 oddgmonte REOE ofzato cleng don Migneont &0 ghown 4n
o g e , Eﬂﬂl‘hﬂg

70 casuro ono«agh qucmiﬁy of conpbtraction natorick Loing
ovallchio ot tho cdtoy dotailcd f£ilold fawstigotiong wOro Gakon upy
bofcx0 otorting actund conntructions Boreou ardg invogtigations for
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inporviousn omd ecoipofvious oatoriolo ovopled thotl thogh gollo of
varying ¢msitios botucon 312 $o 116 Ib/eft voro avadldio ot odto
in pbundanco, tho y;om::abimzy vors leos thon 10 £6/yoar wiah 4s
| usua?.w elangifiod ga mpa ‘vioupn sggg.angonca 1% eould bo conclugod

that thmub thoro vao no divth Of RSEB nateriol at 6l€0 nmatorisls
Qor phtip pratpaxof tho Oarth dom ap avallablo ot cito vao not
wWry onecaraing. Good river oond et avallablo & 195101 x‘img bed vao
0lge in linitcd quantity and not onough to moot tho/woquircacnts i€
2¢ voro uccd 4n tho “eaning® of th? dome O tho othor hondy Rivor
gond vao found to bo oaticfying filtor eritorin of ponf £4itop
2D eaco oollo Daving Onsity 116 Wb/eft {avalloblo in gbundanco at
pdto) vore ucod im tho easinge Accordingly, tho originad provision
0f graéod £40top 4n thy carth dam coction vas replaccd by sand gravol
and 4¢ vao doeided to uso tho gbovo g0id as encing @atoriod vith
pfacautions tokon to improve drainggo, both duriny and aftow
conptructicns Uoo of camd £iltor inptoad of gracod £3itor brought
avout o consldorablo saving, boecsuse peod quarrdics word locsted vory
for affe 70 icHrove draironoy imtoroodiato drainago RRontot of gand
(3¢ thich) O 16 £¢ intorvalo ot WO ond, on c£L0etive oond chiandy
at D/B waro providads Tho fomopr gand drain on U/0 £000 1AL
icprovo drairago thyough eaging matorial of dxn both Qurirs coritructs
gon and 4n caco of ouddon dravdem conditions ofter csaotruction of
e TELootivo oopd chicacy ¢a D/0 of eoro vill koop covm o
phrcatéie 14n0 during otoaly 50C240 vhon tho peooreeip 4o 241104 and
4¢ 40 oxpootzd ovon duping tho poriod 0f conpbruction, &C viil
prevdlo for adoguats pbm pz’basuro roliof for tho ¢a0izg Ratoriodo
boing uscd, On £flonko mo piopcotors have beon go for &ngtnlled in
tho Dofy of tho demghcncy tholr bohavicup hov corptruction posd
prooouss bohgy.d could moS BO otudiods Bug mont c0agcen (19G7=G0)
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vhon vorlo in pdvdr Lod vill bo takon wp on oarth Aoy atuoto
ploncooiora wil) bo providod for ofudying poro propsurd diacipét&:m
durins and aftop construction, On fiankoy howovops plocoomt addoturd
eontont vag triod to keop on dey oido & optimum to contpcl tho rice
of conotruction poro prosourcs Bearelty of Soporvious elay ac podntod
out oarlior was owredmo by noking poetion of tho
W LRBACTY core thin and olopinge (vide Fig.7.3)

Laboratory 2mvontigations carlier earricd cut of Contral
Rocoored Gtation of tho Projoot found that namioun 4y éonoity of
eoro ond ohold moterdaloy £o 113 1b/eft and 110 10/0£C OulE DO
ootalred ot 28 § ond 18 § OulleCe (Proctor'o Toot)e TO otudy tho
bohintdour of ocll ecopaotion off odtog tuwe toot coctions of 800Y oach

woro talony cnd coro ord coning natorlolo tOparatoly etopacted owver
adggoront plotos Eneav $domo at borrey aros bad Co O garpiod out
- DYy ocraporey bocoucd caly 8' « 10! ovorburden could bo wood po coro
cnd enoirg matorindo ond chowolo €0jld not Do oconoaicealldy oporatod
0 vork vithout notdny o £acce Borpcy qrog Datoripl varo Cootogd in
-Raboratory ord found to contoin obout 2,8 §J chort of that of
cpticine Beoncofen of vatordng tho 008l of BOTROW arog cnd
 ombomiont wore otudtod and 4% vos &relded that watordry of coll at
ooiarsnt would be Oconedienly BIcausd Rivor &0 situntod alnoot
niducy of ¢ho dan dongth 568 punping of vator £rom RAvor T 4cn al0a
vill involvo logo 1ead than that to thd borrev arda quite oeatitorcd,
ca t02 /8 of tho & onioe Dosidopy £1094ing Of Dorrsy prog would
Dato provad o Bondierp &n worlos Docawsd of tho vorhking Dy 06PQpOrOe
8o, 0081s 1odd ot ool coetionpy vntored by watlor Cailiorp
in d4fforont proportions ploughod vith harrevo and ceinacld by
10 Gcn cheop oot rolloro 4n layors of 9% thiehncoone CAghG poscoo
of oloop £eot rolloroy oftar vatoring of coid oprood 0wy 600* x 250°
oPogy Yoo ultimatoly founmd o givo 90 S cospootion ot 1 I dvy of
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0yMeCa fOP eith r of core ond casing mate lalse Further ralling dté
rot give ary marked improvexent in incrcasirg tho denaitys An
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OplleCe 207 clth p of 00 and enoimy matorioloe Fwothor rolling dig
8ot gdw napkod dnprovosont in incrcaoirg tho donoiye 4o
. dneposed in wator contont £o ovwop 1 L vot of GilCe wop nOS found
acafel as 4t progontod working difficultios with choop foot rollorge
8ineo oerapory vord utilisod fop oxcavating and moving tho ogrth
¢ 4id ot rcoquiro oueh of clod brogking. Hovovor, wso of a piough
vas eonold®rcd adoguotoe ,

Honeo, following docipfonn woro talon and latop £oilouod for
003l eompaction,
(o) SoiRAGTIOD ITHaN

Coopaction by 30 tans oheop fLeot rellor both of com oand
oBOM) s3etions 62 tho Oarth dote
{(0) BASE REIRG
1 § &ry of tho cptioua for 'bath of inporvicdo ond geoiporvious
patordch oo bolevse |

TR Y (2, G R BT

Lt AN Yo

Hoxdmus OFy Dompdty : Hodoture Coatont

Labe Valud ; Fiold * Lob s Y]

' Yalun : Qel3aCe : Placooont
Iopopvious 119 Ab/cft 1009 lc,% Bg 103
Condporviosn 116 © 19 ° 12 g 11 &

1t voo aloo &efdod to plloy 1 § vot construction, An
cortoln eacoop 1f tho uorho woro 3t vith reing during £odv
urothor bub 4n any ¢aco the acowe myadnus dry dannitico oo opoaified
oda w0 te bo ensurode



i1 £0 Do ecIpacted 4n 09 layoros £reo of wods cnd
orpande oattopo(to bo plelnd up ot ombankmsnt)e Mo teloramce to bo
gxﬁon for thipy oo practically no such mawriaia vwro 5% vith in
boPPoY arogcs Bight pascos of ohoop £oot FoLlors would Godtmordly
pdvo yoquircd goil ecopactions But for poosing £i11 layergy quality
Sypo spoeifications will be adoptud R8s by ensuring oguizod myoun
dry émoity ond placozont moisturc contont ac in O8l«(D) agbovee

A% Tooughbat Damy pasodng o £512 layop 46 o%il} continucd by
compacting I vot Ednoity of tho compactod £311 with that of tho
28014 valuog of vot danoity {codeulated ot 1 i o2 13 § plaoccmont
nofioturd eentont) «nd noloture ecntont 4o dotorminod lator en with
ovon drydms oothods Thio 40 not o correet procadurc in vicu of tho
conptrueticn of o high carth Gone Fowovory offorto aro Doirg npde to
noko uee of Bilg'o Mothodo of Rapid Comtruction Condpcd Swea tho

nont vorking conoo thon eonstruction spcod io aloo ocupposod L0 go

o Uco of Rpo's cothod will bo noro approciatod ao this vill bo
Ghe quicliop thon tho BAME's 0t831 CAVARD oCpaPoblO POCMLESe

?iﬁﬁai 2O JiAg RO ) vl S, S i ! v i f i ALY S Kb

o picooootop inptailation havo boow nado 00 £opy W20OPO
tho vorks voro continuing o2 the flonks of tho riwwy BuS claborato
drodnage arrongesdnts both U738 and D/S of coro havo boon provided
gor quich dicoipation of poro progourc. Aloo boeawso, & Sone
oarth ¢ conotiuction vas oproad ovor thyeo cogotngy AC gbhorac)
r4co 4n construetion pord prosouEd word entdolpotods THio yoar
howovery oineo 2423° high oarth don 4n g longth of 1080 £0 80 to Do
coplnted in Cao working concen of 8 monthoy opeod 0f ccnglpuction
varranto providing onouzh of deaingqo grranzcnonto and QAoo
gocopding of conotruction poro wator prossupd ot varioup heoights
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0f ccnntruoticn. Providins hopimontal porvious f£ilters ot 316°
intopvn), on /0, oinflar to {118 on U/8 19 cupocticd S0 bodp
deolpation of pore pressuro relativoly quicldlye Plonamaior cheuld
plog B0 ingtallod in porvioun £i1is- ond iutorn to otugy thoir
0§tlenclos. s |
Tele8e ROY Y

tho zfogion in vhich Tomuhat lﬁ.eo has azporicnccé carthquakoo
of onaximn intongity of VI 4n tho paots Homeop, 48 wan pdzo4 tO
ciomiato such codcoie condition omd aseortadn vhothor poro propouro
o 1iMoly o ricO duping oarthqualics to sueb domgorcea propartions
a0 €0 eauro 1iquafoction of r4wE oonde Hothod ond rooultn hova
beon Sully dlocuocod in APCLEle Oel oRd £ren that 4% vcd Cotabiichcd
¢hat for dogipn corthguatopg of intonpitios VEy Xiquofoctica of
nivop Donoder oand vag a diotont pocoibility.

';zhcc:: tooto aro noeoopary o ociéo dopth of cubal? tronch
nd Aﬁ'eanagt;im treagtoont ap woll as for confiening €ofinito eatdo
of eﬂéﬁ‘ﬁemm-of porcoasility in digforont pomog Of o oonod £111
onbartaonte A% Tonughat Dan Projoet, f:hom toats heve bcan. pgri‘qgma

511 nleng tho cligmong of tho ogrth dz3 and: foundstion Srostoonts
bava deon providod acmmmw. Fiald parmabuity tooto 48 boro
holep gn opacified by Dosipnation Be16 of U,S.B. 8& *Zxam mvemonm
foliowod foy oueh purposes vdilo that fop doy to day vmn volld
pormacetor m%heid as apoeifiod by Docipnation Beld o maan.ﬂg ?

v 0 fouomd.
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6 milon lorg aligeront of Tonughot Do briege An a (-~ 300Y
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faulty artisan vatery fiver Damodar of porvious bed and loealiscd

patches of top day strata crossing the glignessnt of the moin dams
Basldes, the underground strata have been found in cortain patches
to coprise Of oxcessive permeability due to fracturcd schistose
and biotite gnicas + Following trcotments Mgve been done or are
propoged to be completed to got over the probloms,

This L8 a doundary foult erossing dom aglignement at Ch, 113400
(Figs7+2) composed of doeply weathored couposite gneisses vith bonds
of blotite and pegmatite botwoen Che 347 » 117,87 The strata
havo been found to e senked quite deep and excavation of the
ontire weathored rock ond back £illing vith concrots or compacted
elay vas not found to be acmmém foasible. In such edroumstances
the cutoff of the earth daa has been proposed to 1 token below
overburden say 3 £t into hard rock acd employ grouting dbelow the |
cutoff to depths ond pattorn still being inwstigated and planned.
Inoftu noxtmgm permecbiiity betwesn Ch.113.47 « 113,87, offcotud by
£ault hes boen found to be 50 Mitres ( per mimute per 8 £% prossure
of wgter por sgquare inch of area) at o depth of 60 £. Tods
indicates what a tremondous loas Of water would rogult 1f the grog
wnt untreatods

Artisan woter comtng through the hole at Ch. 148,00 gives
clear indication that the underground water is under progaure,
Oomptines, wator pressures hgs boep observed to reach 2,6' abowe
Rele 746 {(strippod ground level). Gince this some crosses the
alipnent of the damy internagl drains leadirg to outfall droins
will have t0 be imstalled with adoquate filters provisgions to
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drain off the artisgn water and help relieving pore pressure after
the dam 15 duilte

Since River bed couprises of maximum 60 deep sand over
deeply wegthered nﬁﬁu and schigtose, econoaios of open trench
CUtOfs and conorete dlaphrage by Rodlo Marceni Hethod were studied
and the latter has desn found t0 b economical and adopted and
eoupleted (Chapter = 8) (Vide Fig.7.4) |

aueh thick strats close to the prosent ri‘nr bed on lefs
banky; unless treated adequately, is apprabdnded to caus® g cast of
%tﬂlmo at the junction of impervious top layer {clay)wvith
‘the underlying pervious layer (moorum)e Bn:.du. dewlopuent of
excessive uplift pressure below downstresn foundation ia also
anticipated because of stratified foundation. Recourss tO pressurse
relief wells on downstream will bs an obvious solution in the
latter casejbut the forser problem lt.u.l remakns unsalved, One of
xA% Anpervious such strata within
foundation betveen two aoncrota mmfh. !hit will ensure 5 safety
against gliding at the junction.

where such etrata 1s of a saapller depth, it will be entirely
sxcavated and backfilled vith pervious material below tho casing of
oarth dam, nnowhu" were sntire excavation of such strata would
not be sffectsd due to econonicsl roasons, adsquats pressure relief
vells will have to b provided after construction of dam.

Tenughat Project Daax Deing mainly a water supply project |
every sfforts have to be made to reduoe water losses from various
sources, Apart from the structural stebiiity point of view, &“t’*‘

the proposal is to eaploy diné
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grouting will reducs loes Of water due o underground sespagés
ARULIERTA |

The extreas abutments of the earth dam are stghle hills or
bigh ground consisting of schistose and biotite goaiss. However
to ensure proper bond betwesn the earth dgm and hills, stripping
by light Dlasting will bo dcne and good compaction assured at
Junction,

Where the overburdon vas loss say upto 28' (maximus) whole
of it wers sxcavated by sorapers and backfilled with compacted clay
after thorough clesming of the surface with water and alr Jets.
vhere required underground seepage water had to be ramowed by
effective dsvatering before Lifitng and compacting the £111 layers.
In case where the overbdurdsn sxoseded 25' depth, 3' atripping
 of top ovarburden wgs eoapleted by soraper ond dem constructed,
followsd by thﬁldgf&“ﬂ‘o Aftsr construction grouting (curtain
grouting) facilitates/time schedule of the project.
Te2e8s JESTRAUMENTATION

.gdoqu,‘ti irstyumsrtation has Deon proposed in ths body of
the den, to cbssrve sattloment and pors préssure variations during
and after construction of the dams Their locations gre given belowte

(a) Settlsment Points 512,00 At 044 chaingges
8?2,00 startirg froa
804,00 00
170+00
| 129400
852.00 At even chaingges
834,00 starting from
Che 114400
| 116+00
{b) Plercmeter Installation At varying 120+ 10
slavation R 145400

184490
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One slgpe indtcator tube {3,8% dig) has boen embodded in the
concrete dlaphragn (Papel L=Y) to record deflection of the sme
under latoral loadings, dboth before and m«fweﬁi%i‘
Andlcater 4s comparatively a mewv device adopted in tho Projoct to
mocsure angular displasement of conerete dlaphragn (in the River
bed sootion) under latoral loadirgs. A brief degoription of the
opparatus which 1s based oo finding null poilnt in o balanced
clestrical elroult, is given ot Appendix 7.1 together with 5 set
of obgervations tszken on 21.7.68Y to record initial defication of
the dtaphran fros vertlcal pluad.

Te2e% SOTGTAICILON SCHERULE

conqtrncuon achedule of Tenughat daom has mn propared both
by Dar Chart (Gantt Chart) and &';P.zf!‘ ll‘mvm'k Tuhnzquﬁh
ecapaction study {(Chapter «2) shovs m full control can(mrciud
owy the progress of works only by the latter method beakdes its
being belpful in reducing total time, of the project,
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{Available from ?‘I,ogo“l;nduator Cos Sesttle, Washington)
4 08 A

GERRRAL JRICRIPTION

slopohInalcator measures slide mowments, diaplacendnts
vithin oarth d ansy bending of shest piies bulk heads gnd other
types of lateral earth aoveaents. Instrusent is water proot,

The ingtruwnt is noramslly lowered down on extruded
alluminium or greowd plastic casing, the grooves controlling the
m-ntnu‘on' of the instrument in g predeterained diroction.
Inclination readings are taken at frequant intervals of depth and
are subsequently cenvertsd to displacements. Consecutive regdings
at the same Gepth intervals at periodic intervals of tims gre used
to deteraine depth and rate of ground movement.

The special groowd casirg, plastic or alluatnius can be
installed in 4,8 inch or lileger borings, or it may be butlt wp
with the embynksents of earth dams or even epoxied ¢o the face
of shoet piling or beamse The plastic cesing is avallghle in five
fest lengths and the sliuminium casing is auuabl! in either & £t
or 10 £t lengths,

swuumy - m_ 4480 a tALC a3 13tt1le a8 8 usmm‘

can be detacted
‘1404 a lateral dtsplgcemsnt of 3 in
200* depth oo be noted
Actually, nuplnetmhu. in thin shear zoms
of less than )/18 Snch has besn
dets ated; eariier,

The ivstrument 1s 80 deaigned that the inclingtion by the

plane defimd by the four guide wheels is directly preportiondl to
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the potentiometer dial réading vhen the circuit 1s in balance.
The glope indicator messures the inclination of the casing
in a observation wll at frequent Aintervals of depthe Ono sot of
readirgs is taken in one groove and an additicnal set 1s token in
tho groove on the Opposite wall of the casinge The fingtrowent is
adjusted s0 that the inelingtion of the casing frca the wrtical

computed

may bs ccpactad by the following equation
tand o Dg - ﬁ

» 40080

Vhers Dy = Dig) reading in NHorthernly groove
Dg = Digl reading in Southermly groave
E = 2000 for series 200 ingtrument
* 2000 for series 200-F inptruaent
= 3600 for series 100 Ainstrumont
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SLOPE IVDICATOR DAYA
TERDGHAT DaM PROJ.ET (BIBAB)
Left Sank Che 158098.8 Panel In?
Date =» 21.?.6’! INSTR = 200«B (Hencwy valuo of K = 2000)
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GBGERVATION WBLL NOw1

Top El. of Cbservation Casing 743.3

Ghest « 1 ©f FIRJP <HADING

*34
*43
+49
+80
+83
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+42
+78

+73

+73
+104
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+83
+831
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833
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19
20
21
82
-
24

~48 863 593 ~30
108 108

0B

‘ 04 . 8% 583 «08
L 16 1.1
80 881 374 07 574 881 =07
158 198
83 581 O8Y6 *07 876 583 «08
» 185 187
40 ses 693 .30 593 581 +32
| 6 | 1T I
2.8 B6¢ 893 -29 895 660 +3
187 7T I
.25 863 093 -28 89 538 +41
. 158 a7

Notete Dipl regdings indlcated under cclumn *N' have been taken whan
fized vhegls of the slone indicator were pointing towards north,
(1) At depth 43.8 ft, tenims Dy~ D, = 534 - A6O
| 2K 2 x 200

o Toouss? oI 3 S pension gt o

(11) A% other depths, inclination of tube ecan be ari,
ineregse
(111) Marked satimiipe in vorked out difference at Sle7, 13, 19, 29

~ inglcgte Joints, where tube picces have been couplied together,
not being in one pluab , gpparently. o
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