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Tenughcit Daii built across river Damodar is a wator cupplr pro° 
joct for Bokaro staff{. P1 ant and other industries around the ntoa~. 
plant. Thz. darn in 6460 m loncj and ovor 50 m high above the river 
bed. No dam in this area we po siblo without crossing the fmlt-
Cd junction of the SCdtIRZntriCQ and the m3tamor hics, and the e 
Tonughat. Dam had therefore to bo built across this fault. 

The cutoff for the darn in to river portion had to be pro' 
vidod through a send otratwa mired with pebbles and at places 
boulder stratum of S ito1 5 rn thict nopa . on Wit river-bod 
o an t was not found prone to liquefaction or excescivo settle nt. 

Various alternatives of provi&tng an affective Leundation 
cutoff in the river bad t'oro examined and a doub1erow concrete  
diaphragm wall.. with sand robot on grouted, was adopted from 
time one, economy consideration. The upatreci diaphragm wall 
wCO •otonde8 33.6 in into the right bank and 134 In into the left 
bank to provide o: 1aottvo bondego bot ,s~..en open trench cutoff 
and dtaphrcgm wall. 

Long" term porfor nao data for such cit ephrcme are not 
available. Tharafaro, adequate ins trurm Cation of the dam and 
the diaphr m was done and data observed. In this dissertation. 
a brief description of the oito and construction of the diaphra•» 
gns hoe boon given. The carciloblo performance data two boon 
urialysed and it hoe boon concluded that the cone roto diaphragm 
walls tiro functioning c atix3 foctoril y. 

(v) 



chapter 1 
P R(J CT DE SC IPTI O3 

Gene r a l 

Uamodor b in containa India'C la1Aeat coal doposits in 
the lot r basin and other mincrrilo like mica,] i1n3 otono, b xux- 
ito and graphites in abundance in the upper valley. The ad, e' 
cents basin Suborn.rotcha contoino iron ore and other precious 
minorolo 1Lko uranium and copper. 	:1 these minoral deposits 
have immense prospect for rapid indua tri au in otton of the area 
which will require power and water in abundance. Damodar ba- 
sin has limited hydro power potential most of which has already 
boon tipped by D.V.C. but there is halo scope for t►ermal gene-
ration at low cost from the coal available in the basin. Deer* 
dam Valley corporation has installed capacity (1] of 1035 tow 
thermal in addition to 104 MW hydel power in the grid. in this 
area, the Bihar state Electricity Board has also one thermal 
power o tation of 40O-it3 capacity under extension to eoo III 

during the fifth Five"Yoor Plan and another upcoming thermal 
power station of 1000-MW W cap ity just 4 km downs tre om of this 
dam. 

a 

1.2.  D.V.C. Proposals 

x . Voordwin, a TVA cavort, had rocoutmonddcd construction 
of a cerics of night demo ( 2] for checking recurrent f) oa !s In 
lower Damodar basin at Iiycr, ;33rrno and Panch: t Hill on river 
Demodar. Tea Qiyn. Bolp hoi cnd t:ai.thon on Its principal tribute► 
tazy Do ar, and at I(an on river Yionar, and at Danie on Dokoro 
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Nab, its two other tributaries (Fig. 1,1) . 

1.2.1. Tho D.V.C. cor*letcd four dam, viz. Pcchet Hill 

dam on river namoder. Tolatyo and Raithon dam on river Buralomr 

and Konar dam. on river Konr,  . Root of the four dams proposed 

Coro Shelved. 

1.3. Tontg hat Dan Propooel 
~ w~ r~rr~w 	IIU01^' .p lrl ur ~rwAa~~~i w 1i. r ~L1 

t.ith decision to locate the fourth ctuel Plant in public 

o ec for at Dokaro, for rneU rig 1.o industrial water requi rarnent, 

u darn at Myor on the main ri ror era needed. But the cite has 

n dis ventage of submerging appronimately 22 million tonneo of 

metnllu lce1 coal in addition to non-  non'atailebUity of good earth 

within the :conornic load, Hence. the Bite had to be nhi£tod to 

Tonug hat which does not hare these two shortcomings  o f the upper 

a Ito r3). 

1.3.1. Location : Tenug hot dam site is lQccitod near village 

Tens. (23° 44' . 955Q1 j 7 5 E/14) about 24 km cot of Boka ro Stool 

Pb ant. The nearest railway station is Gomia, about 8 km north 

of the alto on South EC torn Railway. 

1.3.2. rrotor Zvai1 to : The dczsito intorccpts a catchment of 

4430km6 (1730 seq. miles) and the dopen&bbo loan year flow of ep ' 
roximato1 y 1850 mill ion m3 is available for storage. The dam 

will hero a gro.00 storago capacity of 1150 million m3 at its fu l 

height at the oral of otc o 11 and m live storage ccatty of Old 

million n . 

1.3.3. 5clicnt fo+ turcz . The did 4th a mozirravn height 50 ct 

in rolled, coned earth dam. 64G0 m lozig at formation level. 
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273.00 m. The Site is located in hilly trect and the valley 

is quito uido to stet the required storage at corzparativoly low 

height. The olignn3nt is straight botwwen atn. 3048 in to 6460 m 

and botmon chainago 0 to 3048 in follows the topography (pig, 1,2) 

The m€ onry spillway 344.6 m in length frith 10 nos. of crest 

gates of 15.1 x 12.44 8i20. have spill a n. b capacity  of 18000 ou- 

macs, is located between chainago 5597 m to 5941 M. 

she earthen d€arn has a trizonal s< ctiion with slanting central 

impervious core flanked by artriporviouo caning both on upstream 

and downs troc a with 3 in thick o and chimney ney filter, a andwic hed botw 

wean central core and downstroa t casing. The sand chimney is co-

nnected to a 1.5 in thick blanket filter  laid below the downs tre aim 

aomi-percrious casing loading to a too drain with suitable weight' 

end filter. 

The cutoff below the earth dam on the loft and right flanks 

consists of beckf ,.l.lod rolled impervious clay in trenches dug 

below the seat of the dam. The river bad material consists of 

highly pervious alluvial deposits of varying thic!m000 from 5 in 

to 15 is of different grain sizes ring from D10 ° 0.23 mm to 

pieces of boulders at placcs. The permeability of river bad *: c 

no high that it would h~vc cost millions of rupees only for purr
ing out water while providing conventional rolled bockfiUcd  
earth c cutoff, to in picco of a conventional open trench cutt 

off in the river bode the cutoff consists of ttv roa of rzt.n-
forctth concrete dicphrcgm, 323 in In length, and upstream ciicph-

ragO ox-ten~ for of 134 to on the left bank end 3 34n on the right 

bW4 all cm-bod ad 1 m in hard bedrock. 
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Chapter 2 
'C 1NDTIO INVESZ`IGATIMI : PRO3L+EI4S 

2.1. Gone r o l 

Detailed invoctigation of the present darn Oita was utw t 

Od in 1965 and had a target to supply water in Dcc:omber 1969 

for cc minaioning of the tat phc o of Doluxo stool Plant. Tho 

construction work was otcirted on preliminary geological invest.- 

gations on the 14th of Bch 1903. The preliminary y i cv 	o" 

tiona of the darn Boa indicated that the basement ocmplc , of 

the ancient gne a (43 prevail In the south and they ore c vor-

lain in the north by rocks belonging to loner Gondwana fog 

ations . The junction between the two, ntcmorphics of 	h- 
aoan cgo and tho sodimentarics of lotnr Gondwana formation, is 

a faulted one and this boundary fault was a long range fault 

running almOOt along the rivor upto lie disc nc•. The darn 

has to be constructed across this fault. Dceod on 3.irntted bow 

hole data, rcct of the foundation was considered to bo without 

any problem, a not of design wore ,7roparcd and the construction 

started. A nunbor of problemcropped up thoroaftor [ 53. 

2.2. Znvcs4cTation Details 

Therefore, it tic~ necessary to hero much no o information 

rcgorcUnn the foundation. Drill holes at every 152.5-n. (500- ft) 

interval bol ew the entire lcnjth of the earthen clan tore t ,on 

up. in the spillway zono, 5 rots of drill hales at closer upcc-

ings varying from 12.0 n to 30 n core taken up. Those irnresti-
gatious ware further intons ,£icd in areas inz2icattng abnormal 
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-►iti.o. The intonsitios incmesed between atn 5597 m to 5982 m, 

i.e.  nt the spi.. lway site and 48 numbers of holes of total depth 
850 m3tros toro drilled. In addition to this. 13 more holes of 
27Om 6cpth were drilled in the spill channel area to decipher 
the subsurfocG conditon c .onvtroam of the spillway. 

The naturall sails overlying the bad xk were tested for 
otren9th par ter, the river bed depo3its for their dative 
densities, the rock pezioabilities boloW the ontiro dam cut-
off including spillway and otrongth par for of rock undue the 
sapi11t$y4 Owe. on resultant porm abiiitic durivod from i iitu 
water percolation test. (gable 2.1) and irate protati ens of cores, 
a geological profile below the entire dcm pro: prepared (Fig. 2 1) . 
The cormof the drilling indicated that northern part of the dam 

lay on the Bar an and 3artron t atxres#  which consists of tight.. 
ly°Pac .interbanded lama of mn 1 gran a d atone and 
carbonaceous shales. in the southern part. the dram wk .ch lay 
over the metamorphic suite of rocks consisting of g cti£c4QU. o 
biotito gno sos. hornblende biotito tchiat and aiphibolitec]. 
it wes a so found thnt e-d j scant to the beunderyboundary fault between the 
metamorphics and the cedimente os, the metamarphica have n'+f or 
ed deep weathering which generally fallow, the thpogrc 	of the 
tea, being deep under the valley and shallow under the ridge. 

The foundation a cplorCl.ane so carried in the entire Len=gth 
►E the 6cm end geological profile (Fig. 2.1) prop ared indicated 
varying problems at chancjcy dicu000d in the fallowing par 
graphs. 

2.2,1. 	+ acted Cr=r 	or 25t i m  2 2 r 
couvontional typo open trench cutoff his boon prided in 



	

r 	4 

 

r  \ 

I 	~ 

	

1 	1 ! 	i . S/ 	1  

ii 

,{/~ 
 

	

J 	rl 
J 	

" 	r  	1 

r 	I 	 r~ 

/~~  

	

f 	 y / 	
L r :~ A 	1 	It 

	

  ft 	~ 	 r 	I I 	r " 
II~~ 	i~ a 	~. }t 

 

' 	11 rl 	 iJ I t ~~I~ 	
4 A ~~ 	

1~,• 	
,r,; ICI; I J 

	

ill! 	II 

r r 	I  I  I   

H 

( 

(~   
r 	` 

	

~ 	 I 	p, 	 I 

	

GENERAL LAV OUT PLAN OF 	I  ,r, 	 l 

LX v 	 f I~ 	' U- l h 

/1 	1/ 

15:41 

A! 	 ' 
ill 

it 	I 

I' 

IJ 

l~ 	 // 



8 8 8 r r 

8  8• 	 8 

N r 

►~I 	M N 	+ V rNI 	.i U) - 

01 N 	Q N U) N N N N 	 N 

U) N N 	. 
N N N w a *+ 

.4 	CO 	N M + ' NN M ,, 
	i 

O CO a 	a •. .  a a a o 
N N N N N ? 	c 7 t+) K'') m  

8 4 8 N v 	 $ 

00 

(0ti ' 
ri .4 +"`! N M .4 rP .4M N N 	O .4 M N 	ri M .4 .-Q .q rq r) +•4 r1 

afi "4 1.4 



1 	I 	I 	t 	I 	I 	t 	$ 	1 	I 	I 	f 	! 

ti 

04 .4 LA 

10 

8 8 8 8 8 8 k 0 1 P $ P t $ 

8 8 8 8 8 00 
t, t t t t 8 

• s a a a r M 4 * 1 I • • • r ' f 

0 in N S  i t A 
• • • ♦ • • r •  • t p p 

• • 
~aj0 

1-4 

° g Q 

c r') Y • in IA V? '0 +.ii IS) ç" cv c') 0 • ♦ • • 

8 
v̀' .4 V' A Y • V W "V V 4 - R 1/ V 

LA N o ► i 0 0 8 0 00 8 o+ ~a w Ci 

r- t 0) cD N N N N r• N N N r- e- N 

• (0.4 C') N N N 8 Co 



11 

this section. On backfilling the cutoff trorloh, percolation 
of water in pits dug downs trooxn of the dam opposite station 
2562 m was noticed. This created a doubt s his percolation 
war through on equi£or crossing the dam and opening out into tho 
reservoir. xo trace the exit tence of such an aquifer woUlo up" 
a tream tnd downs txoram at 3 and 4 1.ocat ions, res poctiv&.y, t.oro 
dug and pumping-out tests were carriedout, which indicatc that 

while downs troam wollo could be dried up fully, there was no 
fall of levels in the upstroom crollo. Tracer Technique applied 
to these, wells -while pumping oat, too did not indicatoony Conn" 
octi.on from any of the upstream cello to theses on downstream. 
For further choc3p, the water in the existing wells in the. Urea 

downstream 	 ups t Ef. were pumped cwt and water levola in the 
upstream wells recorded.. Thsso did not, also chow any fall or 
connection, whatsoever. The observations for wato lo1rel flu" 
tuotions in t'hwo wells ;ore carried for about nix mr., the, which 
did not indicate any grant, whatst ror, between the walls on 
the upstream and thoso on the down 3Cfl. it wi, therefore, . 

inferred that the uotar percolation noticed was due to the tr 

pod rainwater. The prcaono of an aquifor crossing the east 

was ccorxirzjly ruled out. it did not require any special treat" 

r"nt. 

2.2.2. Houndn 	C- L3. 	Stn. 3445 rn 	3535 m) 

The boundary fault between metororphicu nc the n., .^^rte 

tyke wes completely traced 	n-ppcd to o lorigth of pprotri." 
natoly 457 n (1„ C► £t) both upQ troam and do%rnstrocm by suitably 
pIQnnQ4 vorticaltinclinod holc going upto 21.35-rn (70-ft) dopthe, 
the oemination of the cores of the duels, w +t as lcsa tests and 
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surfcco ©,,cni.nnUoan through drift pits. 

In th3 m3temorphicn, th3 a hattering off©ct ucw found ctonc ► 

ing upto 0th 3488 m and ths t athoring eEoct upto ntn 3887.5 m. 

Tho rntcinorphic rc cb no or tho contcct aro highly decomposed. 

brocciated and frccturod with dove op r nt of niikon sides and 

gaucjy material. I3ori3kor aon 2xatorio is highly rocrystallicad end 

brocciatod near tho contcot. sandstone and ch€ to i of 8Orakar  
and Bar n iasuro stages strike 'ti end dip at S4° to 7010 to► 

-;a da I. 

Tho fault was troatod by stage grouting. rash area bot~ on 

c heinCgQ 3443 m and 3sao m zao grouted in four 5tEC Of top 

1.5 mr 3 m, 4.5 in and .0 to at prosouro varying bettzcen 2.0 kg! 

cm2 and 4.20IV/CM2 in a pat 	3-m equilateral'rules. Tho 

grouting brought the PhilLty from 10 ' cm/scc to less than 

10 cm/sec. , This arcs meted by post*tutor losceo tests and 

drilling grouted rock mass with doublo core berrel tihich shoved 

nub tcinti . grout recoveries in rho cares indicating satis f ac air 

g rout perr aticno . 

1s dcabt, ibowc7or, in regard to rho rorxtivin cation of the 

fault, duo to carthcjur moo. For an apprais l of those es 

ors of tt3. problm, various reports in regard to coizr icit' of 

th3 area are atudicd, the rat important out of which to the 

report of Dr. J. B. udon ( 5) (1D41) who tncxIa particular otudtco 

o2 oot.a!3 in relation to Dcodar b-coin. Dr. idon axprcoa» 
cad that Daodor btu to tae a peat of stable poninn ul a O net had no 

undorgonc faulting and folding oinco i~3zozoic era, although it 

had boon c bjacted to rcgional uplift. The bein fcolc only the 

fringe affocta of carthgurt}c originating in coisniccally active 
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aroa~ . 'Y faulting in Gondwanos are are bolieved aS old f'rac-

turn which havo beck port of the pattern of the peninDula. 

Thera is no c vidonco of recent acUvitie along th~no £au„tta 

Two of the recent groat oarthcu&coo, nwno.ty the one of the 

15th January 1934, originating near B3ihar-Napa.1 bozar and the 

other of the 12th Jane 1897 In Aesom, troro tin soismic zone and 

about 250 km away. fo record o' tdcrrago to structural install- 

gatton such as buildings and bridgoc ring these oarthquaZ~s in 

the area is Eaileblo. 1~,t1 thz ,o lend support to the inference 

that the faults are not lit oly to r'ocotivico; Roucvor,, the Koyna 

aarthçuaka of the. 11th iecembor 1967 rccomod aft filling of 

the reservoir, haaLcd to rothinld,ng %iith regard to earth tro taro 

occurring in peninsular shield. - The recent observation of a 

couple of a1 1s at another dam site en the shield Esc gat 3alimel a 

dam in foraput district of Orissa leaves no douIt that theso woes 

cannot be saurned to be eoismicalilr inactive, 

This led to investigation o- t or:aore oporioncod In the past 
and r.,aceara.*,, to be taken. The matter way referred to the Ui,roc' 

to,  chooi of fr oarch & Training irj Eartt uo.so ingiueoring, Uni' 

vorsity of Roorl; c, to carry cut invoetigattonfor collection of 

data off" poet earthcjualce in the area around Tenughat. The report 
of Dr. Joi ttris'. o [ 63. Profess or a Director. and Dr. L. ,. 

zriv stem, RoWor in Pp1ied Qcolc gy in the School. dated July 

1970, contains  . s ~ i i rciiciciticne. 	trcc to from tho report 

era pl cccd c r,a,)cnL .;, i . a.ae or the roco ndettons iwc.i t 

toll a rat of seismological stot-.iona in a triangular .ar grief, this 

how,wer he nt been done so far. 

2 . 2. 3.. . r 
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2.2.3. spa c.ono (otn. 4060 in) 

During o loration of foundation at stn. 4060 in sticky 

,gray m€atorials were dotQctee at a depth of 16.5 m bol.ow the 

U. s.L. This lad to a suspicion of a cheat pint crossingthe 

dam. ':'ho oxtont of thisshear pleno along the hey trench hea 

to be known. So two holes at atn, 4063.06 in and 4056.94 in 

(10 ft both way) wore drilled. 'ho drilled tole at 0th. 4063.06 

(oh. 133.90) indicated prooenceof clay while the otter bolo did 

not Indicate the pre arse of shear zone. Further a loratory 

holes t. ro drilled to establish the exact width of shear piano  

which .ndicatod only 3brn width. Permabiity toete 	tied  

through this zone indicated permeability from 2.5 ,r b0" cm/aoc 

to 6. .x 10 4 c noc. As a remedial measure, grouting from stu. 

4030 r to ratan. 4090 in with grout holes in 3m equilateral tryp 

cngie pattern was done and permeability cut down below 2 x 1+7 
.1 .4 

 from 6.5 x 10 4 cm/nec. 

2.2.4. 	fan aLrofitl (fin. ~a n 

At Otte. 4520 m, arts ian cantor wa detected from the drill 

hoiee . The ortco an he c andd1ocbojo cro measured which 

wore found to be 1.53 in and 30 cc/acc., respectively. in order 

to tree the width of the artesian area along the cut-off and 

its nourcc , r- ditional drillings in the troy trench upto 15m 

iep h bc2.ouu the bottom of the key trench wore Bono and the rock 

L)L.1 i~ .:~.lr.~.i~.:C :-z 'f '-- . )l.:iinod ♦ Th:) rock pormeabilittes w-Jro 

founa rcrjincj Crop 4 s 10 cm/eec. to 4.6 Z 10 cm/uc . uo 

a i cpth of G rm f r T:, the bottom o: the ky ttonch czcl below 6'm 

depth, the pros ability dropped downto only, 5 :: l0 6 Cm/o00. 

The onanination of the cores of the drill holes, the perr, 3 i' 
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lity .o: rack ctrDta e► + .Do thczock exposures  arounc2 the hey 
tronch indicated that the sourco of ortesirn wear were the inter- 

atico in the broken pcga .tos tea frccturcs continued only up 

to 6 n boløw the bottom of the cutoff. The f.dth Upto which the 
artesian effect. poraictcd along tho hey trench was Found to be 
only 10 m stating fin otn. 4520 m. The remedial m ures cons► 

sistcd of grouting of broken pegmatltes after balancing the te' 

sLcz ho, Z. The PG eabilitteci tzars thus rouuced toless than 

3 r 1c -q  cm /sec. 

2.245. 	 47 	m to 49 5 rn) 

The o 4atence of a weak clay tongue croe ing the entire 
width of the dam botwoon the above the n e$ Ira detected, This 

tae cl r tongue was found, protruding In the river bed ad jacent 

to the loft bank, upto a ; d,c th of 1 m, The metal nth of the 
weak clay toncuo on the dcwmst a was 18.3 m which thinned out 

to only 15 in on the upotroEun end of the der. Thu tongue wes found 

to be varying in thickn a from 1.5 in to 4.5 in and occurring at 

1.5 to 4.25 m below the nor al $oil level. The dc itica and 
choar p motora of the we' clay wore determined by laboratory 
tests  cn unto turbot aemloo collected from, v i r locations and 
by vane sheer teato in the field. Tote tiara alto performed in 

the laboratory for determining condo idcttton characteristics of 

the tongue. ' t rcOultti of two of such SCtL1OS ohost in Tables 
2.2. 2.3. 2.4 lr catc4 that the c rioting doiitico of the c:-o& 

ci ► varied Cram 1. 506 gm/Cc. to 1.G5 gm/c.c, and the r oii,►tX4 

content ranged from 29.23% to 33.4%. 

In view of the fact that the woak clay tongue Onistec1 at 

depth varying from 1. a m to 425 m from natural coil surface. it 
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Two 

a, C. D. 
Xbz/ 

cEt 

uId04 
4.C,% 

-3dcd 
.D, 

DfEdd 
- iriv 

Und9:htu 'bcd 

3 lO 

1 Ch.157.00, 200 £t 	33.4 85.4 29.01 84,50 crur " W 1,5 I5° 
(/O R.L. 730,5 to 	 I 
R. L 7294 20  

2 C h. 2 59.00, 400 ji 	29.23 90.00 29.3 90,0 Do. 	0,75  150 
4/0 R. L . 729. oo to 
R.L. 728.00 

a cb10 2.3 - Cormoli4ation T 

PppIid VbLd / MU tl Care► Ft me 
pron6u Ratio m 3oUd& itty 

r 	2~` 	cz mmm 	t~+r 
J 

m cc cm/aeta 
1±1 :t. ZT. ___ 67 

0.025 0.158 1.506 ** 

0.2 0.713 0.02 -0.0117 0.3,89 	2.670 1.546 2,21x10'7 

04800 00.691 0.0088 0.0052 0.331, 	3.830 1.565 ..7240"7 

1.000 0.061 0.0063 0.( 	3<, 0233 	5.550 1.59 8,43034O a 

2.000 O6(3 0.0033 0.002 0.190 	7.550 1.628 3.0U0 8 

4.000 0,585 0.002 0.001 0.600 	9.900 1.670 6.0040' 8 

'3.000 0.5!0 0.0011 0.0006 0,326 12.450 1.720 1.90x10u. a 

6.000 0.544  o.0002 1.715 

2.000 0.548 0,002 0► 1.71  «* 
0.2$ 0.564 0.0009 0.00057 •• » 1. oc 
0.025 O. SO 0.0070  .00 3 - 	- 1.677 

P 	Cw^^C C'!3: c P 	c 1.45 I 	Icr 
t1 = co ciciQnt 02 vo1w 	c 	rccthLUty In r,- 
CV 0 COOf~ic Lant Q- corms cad. i c2atiosi in ern 	; 
Yd= DrydancityAngm/cc 
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cal lQ 	" 

27 
/ 

,1U~ 	l°ad 

 

1. 
c 5S con- y~ oX o  

pro- Ra o ~ V not .dam lity 
rain+ 

Ocs nc _ 
tton 

q _ 
IC 

Cm/oce 
3 t~, 

0.025 O.05E •~ ,~ .~ ' 	- 1635 - 

025 0.625 0.015 0.0092 0.116 2.00 1.67 1.06220 9 

0.500 0.605 0.000 0.0050 0.103 3.1100 1.69 S. I5410' 

1.000 . O.570 0.0054 0.0034 0.166 5.800 1.72 5.6540 

2.000 0.546 0.003 0.002 0.60 6.700 1.755  

4.000 0.504 0.002 0.0013 0.2990 9.060 , 1.80 3.90:10r8 

8.000 0.464 0.001  O.00068 0.357 11.660 1.85 2.4x10" 0 

4.000 0.468 0.0001 - ~► 1.845 

2.000 0.472 0.002 1.84 

0.25 0.4$7 0.0009 0.0006 - 1.025 

0.025 0.502 0.007 0.005 w .. 1.8)5 ». 

T 	oM 2. 'Y► - Rel ative DenDiti000 o! 	or iMo Sii/i~`MF 

♦ ~YRIi/ 	LocMlon 

~.y 

5.c 	. 

DV' p ~P 	in tic 

/crn 

 M Q YV+R r 	'V oo 

a pc . ors po 1F G 	a 

1 2.33 20 25 57 
2 161.00 	4.33 41 35 67 
3 5.33 50 38 67  

1 2.70 30 32 05 
2 3.70 42 35 65 
3 162.00 	5.70 48 39 G43 
4 0.70 co 45 65 
5 9.70 64 47 65 

1 2.0 44 30 07 
2 3.CO CO 29 60 
3 5.80 56 43 GCt 
4 163.00 	0.80 CO 45 c0 
13 0.80 GO 40 ao 
6 10.80 74 52 60 
7 11,30 82 55 60 
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was neither 000nornicol nor foci ale within the time limito to 
remove it out and backfiU tiith suitable moteriat. In order, 
therefore. to improvo the c2onsity, tho sheer properties, it was 
necessaryto drain out o)c035 water from the tongue through con" 
aolidation pros sa . Who renedie1 moasures adopted, therefore, 
consisted o 25-om eta. vurtic&. drainage holes drilled acroso 
the weak clay tongue at intory ale of 3 m, 3.65 rn. 5.5 n. depend- 
inj upon the depth and drainage faces, and beckfilling the drain" 
ago holes with ac loctod stand filter and connecting then to the 
base of filter. Pie 	t ro have ben ins t&ic at selected 
inters., to watch thdz'etncgo process o tho to , of darn ouor 
the week cl ctly bui3 up. During first  4►.Yo years of successive 
partial loading by dam fill♦  it hap been observed that the ais M 

tu.ro content has boon reduced from 33% to about 23%. 

2.2.6.  Rivor_ bad 

The rivaru'bod doposit oonsisto of loose sand of vacyin, 
grain sizes irzo; Lvi iuo of pebbles and boulders at pl aces . The 
thic 3n:. s of a ni 	in , river bad above bed rock varies  from 1.5 in 
on the right bank, to 15 m on the loft  bank. The ien i its► c harac- 
to.n s ttcs of tho a cnd were considered to be of primary iuortauco 
and ware investigated in detail. Direct datozrina .on of in-situ 
density of s a ureted eand at various dopt'ho is, an intricate opo 
nation and requires specioUsod oqutpmnnt for e.- rcction of un-
diotur c a&A,31o5. ;o• for mac.-Ming the z^ lativec.cxr.o,lt,lea of 
the natural card do.{ :;ozit * standard rile Br LJ hi'  V Penetration L..i V4 

wo= carried out at n intczVCL . under the entire soot of the 
d=. idc' by-cido, atotic panotration toots at selected locations 
near the points whereTormaghi' a pc ns trotion its wore carried  
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• aro also done for correlating the relative densities as 

tamable from Gibbs and I oltz curve cwhich core found to be 

much in er cca to those obtainable from Torzcghi's (Table 2.5, 

Fig. 2.2) . Tho possible reasons for th3 diffor.. ncc in the re-
lativo densities may be the largo surcharges in static penetra-
tion. For a safer assessment, it was considered bettor to adopt 
rolativo don itios as givon by soreeghi' o standard penetration 
resistance curare. The sartiploa of sand from differont depths 

were also collected and analysed for their mechcnic€ l cocci-
ti.on t ''ig . 2.3) anc permaebit iti+ . ¶& ha tests indicated that 

the n and dens i ties tern irregular and partly deficient. The ra-
1 ativo c insitios vary from 25 ,* to 55% (Table, 2.5) . 

P's the r ;fiver bed sands have inauequato and irregular den" 
cities, to seat a dam without studying seismic effect on these 
looso deposits would hive been unwise. Therefore, necessary  

irvcntigation regarding partial or total Iiquof action and un- 

daSirablo settlement tro carried out in the field and also at 
the school of flcsonrch a Training in Earth uaco .xnginearing' 

noo rkee, on Torlug htit sands both with and without surcharges . 

2.2.64i. Dicot tc is ro carried out (7) at cito in the bad 
of the river oarmar .od for the purpaso divided in three plots 
(Fig. 24). special gel at$.no (80) alongxsith o ectric detonator 
taro instllccl ati prcdotorninau depth in a cacd borehole. The 

l u 	? 1c .fah sand and cuing uithdratn before blasting. 
foth horis ntel and vertical accelerations tort mocsurcct with 

distance from the point of detonation. she surface settlement 

and pore pressures at 3m, Gym and 9-m depth were absoxvod si th 

diatcnco from the point of dotonation. Static and dynamic cone 
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penetration toots were also done before end after the blasts. 

2.2.6.2. Details of Testa : Special gelatine (8O) was em- 

bedded at a predetermined depth (usually 6 m) below the bed and 
the fired. The measurement of surface acceleration both in the 
horizontal and vertical direction was made by embedding two Uillor 
acceleration pickups at about 20 cm below the bed such that one 
would sense horizontal . and the other vertical galo.ratican. The 
pickup is of inductance typo in which the din p1 acoment bf an iron 
core in a magnetic field is proportional to absolute acceleration 
of motion.. Their signals wore amplified by  "Brush Universal Am 
plifio and recorded on Brush Pen recorder. in a few cases, 
the acceleration was .measured 3 in below the bed. In some tests 
the depth t of blast was .kept 4 m and 9 m also. 

The Site was divided into three plots as shown in rig. 2.4. 
Depth of blast, size of blast, distance of acceleration pickup 
from the blast point and depth of pickup arc indicated in column 

3. 4, $ and 5, respectively, in Table 2.6. +c orvod horizontal 
and vertical accelerations have been shown in column 7 and 8, 
a spc tivoly. in toot Hi  . a2  and 93  the charges wore fired 
from the came location after lapse of a day or so. in plot 1,  
BI  - L13  (Table 2.6) blasts wore fired and only surface acca1+ 

ration w ► measured. 

in plot 2 n14  £lndB . tetra fib end acceleration at 33m 

depth was recorded. Zccoloration pickups core attached to one 
and of 5'cn hollow pipe and ).oworcd in boroholco supported by 
coming pipe. The bore was then filled with sand and casing with -
dre rn. Duo to certain difficulty of working the pick) in u 

rated soil, only vertical eccolorat4.on at 3'm depth wore obtained 



24 

t yep zo - p ar Rom 
No. 	N©, of chct o lance Of r+ont ca3. 

zgo chQrg AC1n pick , ccln. Jccln. 
pick upo 
UPS. 

m x m m 

D1 	6 1.25 30 0 0.351 0.321 

a2 	6 1.0 30 0 0.182 0.258 

23 	6 1.0 30 0 0.156 0.372 

a 	6 1.25 20 0 0.288 1.12 t vor 	o 

25 	4 1.0 20 0 0.310 1.23 H►a.16£~ 

26 	9 1.0 20 0 0.637 1.68 V=0.315 

One 	87 	6 2 20 0 0.54.0 144 

Be 	6 0.5 0 0.6 1.14 Rosults 

B~ 	6 1.0 10 0 0..70 1.80 correct 

210 	4 2.0 10 0 0.447 1.5 for I IV 
811 	9 1.0 10 0 1.36 4.0 'Charge 

812 	6 0.5 10 0 0.46 1.17 

1313 1.0 50 0 0.06450.168 

1314 	6 1.0 20 3 a 2.46 

81~.r 	6 1.0 10 3 4.26 

3 01Ets 
216 	817 

2izo 	a 	in 	tS 0.5 20 0 0.224 0.937 
cjuicI: s uc' CC3h 0.294 1.04 
cODoiCfl  

03 20 c m. 
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in tort 1314  and 8,,,, No other data could I)o recorded. 

In plot 3, series blcsttng we donne only three 0. 5► 

chazes (B16  f B17  r 818) cou3.d be fired of an interval, of 3 

seconds and 5 seconds, and both horizontal and vertical cecoler.► 

ot.ton mo od (cxlurnb 7, 8, T tblo 2 6) . , 	r 

set arrant of ground ©urfaco as recorded 	setMl nt 

plates embedded at shalloww depth and the poroproaouro rise was 

observed on irn,'roviacd pion orator along predetermined guide from 

blest points, The ow mory of results recorded wo shown in 
Table 2.7, 2.8. 2.9, 2.10. 

xt wc3 observed from those results that in meat cases the 

bl. at had caused epprecisb.o aettlemzrnt of the a and in tin area 

of 6^m raU . Zn case of three ouceosaiY a biice' ̀iMs of 0,5 	each, 

vertical acceleration 	3 ant upto 1.04 g and a(H  Only 0.294g 

(rabic 2.6) . Jgein at these maxin um observed % effective stress 

wes noted Cs 70.5% t a depth 6 in at a distsnce of 3 in frox the 

blr t point. The corresponding octt1cmmt oCmS €z "o.61cm to 

2.13 cm at 6"'n depth end distonco 3 in to 6 m, respectively 

(ale 2.9) . It r:r further o aoxvcd from Table 2.7 that on four 

aoocoesivo blasts, the % ejfectfvo stress reached as high en 106% 

and that the sand was app ar+ ntl y forced to liquefy. uut as Tonu 

ghat dam site Is situated in isosoismal. zone V1 oj. 11. fl. Scale 
corresponding to which the me :imum intensity of oorthqual o liko- 
).y to bo felt mould ho r- lr gtr of 1O; ,. Frc! ire c + orvcto iE 

uoa calculated  that river Done will not liquefy and o toss ivo 

oottlortnt of foundation will not toko picco under anticipated 

intensity of trots. 

Thh, field tests were verified by dota.lod laboratory tos [ 83 
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Plot No. Blestes$ure 
(5.54) 

	. 

i. i4 
m 

I 	BI f Ric 

17. _ 

3 

82 9 

17.2. 3 

83 

17. 	A. 
Aä 

84 

86 
87 ~s 
Be 

B9 ~6 

B10 ~6 

811 5 

812 

64.4 2.18 In 8.92 

39.7 2.66 In 0.95 

20.9 0.546m 8.75 

5.1 0.343 m 8.58 

78.5 4.32 m 8.88 

32.5 3.04 m 8.93 

23.2 0.585 m 8.73 

28,2 0.216 rn 8.58 

75.8 4.03 m 8.85 

29.2 3.34 in 8.91 

21.4 0.649 In 8.73 

3.6 0. 222 in 8.58 

10.5 0.022 in 8.64 

2.26 am 
5.2 4 m 

27.7 0.33 m 8.64 

1.25 0.0127 m 0.04 

42.2 2.20 to 8,64 

44.6 1.99 in 8.64 

32.0 1.805 in 8.64 

35.6 

29.7 

6.25 

4.0 

49.8 

34.0 

6.7 

2.52 

451.5 

37.4 

7.4 

2.6 

0.25 

0 

0 

3.8 

0.15 

25.5 

20.9 



d e het Bl*t! Teat 	um Inct3ao in Pore Prgauro of tor B1asti of 
p Iferont c 

P1o't Ro, Blot Ra, DOpth 
06 

chorgo 
m 

Sim 
of 

charg0 
1 

Diat= of 
piozo~, ter 
from blot 
olnt in m 

R i so 	i n 	P o r o 	P x e o o u r o 
At 3*m de 	2, At 6•m d 	t 	5, 54I tm depth, 54 

Ianutco 
V 	r4 

Minutes 
Lf 	, 	r, 

Minutes 
r, 

it_  4 G 0 11. 13 

g1cpct) 3 1,14 m 3.11 56,0 388n 6,02 68,4 2,18 m 8,92 35,6 

11,2,67 6 	1 6 1,16 m 3.15 36.7 2.41 m 6,06 39,7 2.66 m 0,96 29.7 
0950 	rnh 

16 0,305 m 2.94 10.4 1.22 m 5,93 20,9 0.546 m 8,75 6.25 

30 0,096 o 2,78 2.7 0,292m 5.68 5,1 0.3430 8,58 4,0 

82 3 2,08 m 3.06 68,00 4.70 m 5,99 AS 4,32 m 8,88 49,8 

17,2.67 6 	1 6 1,45 i 3,13 46.3 1,96 m 6.03 32,6 304o 8,93 34.0 
05 	uro 

15 0,432n 2.92 14,8 1,36 m 5,81 23.2 0,585 m 8,13 6.7 

O,Q51 2,76 1,8 30 

 

0,279 m 5.66 28.2 0,216 m 8,68 2.52 

8 
3 

3 2.10 m 3,03 69,0 4,51 m 5.95 76.8 4,03 m 8,85 45,5 

117W. 6 	1 6 1,47Gm 3,13 47,0 1,766 m 6,01 29.2 3.34 m 8,91 37,4 

16 0.483o 2,92 16.9 1.2450 5,61 21,4 0.6490 8,73 7,4 

3D 0,019 m 2,76 0,7 0,203 m 5,66 3.6 0.2220 8,58 2,6 

4 6 	1 20 0,267 m 2,85 9.4 0,616 m 3,86 10,6 0,022n 8,64 0.25 

gy 4 	1 v 0.216m 2,85 7,6 0,1330 5,86 2,26 am 0 

8 
6 

9 	1 30 0,137 m 2,86 4,8 0.305m 5,86 5.2 o m 0 

g1 6 	2 20 0,610 m 2,85 21,4 1,628 m S.6 27,7 0,33o 8,64 3,8 

08 6 	1/2 20 0,0762 m 2,88 2,1 0.0732 m 5,~6 1,25 0,0127 m 6.04 o,15 

Dp 6 	1 10 1,230 m 2,85 43.0 2.480 6, 42.2 2.20 m 8,64 25.5 

910 4 	1 10 1,3350 2,85 45,8 2.62n 5,86 44.6 1,99m 8,64 23,0 

D11 9 	1 10 0.813 m 2,85 20.9 1, C" tia 5,86 32,0 1,805m 8.64 20,9 

D12 

(continued) 



T b1e 2.1 (continued) 

12 3 4 6 	6 7 8 9 10 	it 	12 13 14 

II 1 6 10 

2 6 1 10 

3 61 20 

4 6 1 10 

	

III 3 b1ete 	6 	1/2 

	

in quick 	 1c each 
sucoessiog 
with a time 
interval bf 
0,5toIsec, 

	

4blast$ 	6 	1 
each 

3 	3,22 m 2,58 12«5 	3,81 m 5,50 70, 5 2, 23m 8,40 	26.2 

6 	2.435 m 2.58 5545 	2.44 m 5,50 44.5 2.52 m 8440 	30.0 

15 	0,032m 260 1,2 	.0405 m 5,64 0 0.953n 8,40 	11,3 

3 

3.0 m 2.50 1,30,0 	5.75 m 5.40 106,0 4,98m 8,30 	6,n 

15 	0,94 m 2,50 r 	8,30 m8 5,40 59,0 3, 20 m 8,30 m 	33,5 

Eff, Pr, Effective Pressure in metre height, a a aw a p 

9P 	$ Pore pressure in oP effective egress 

y M 

p1 P2  e2  " 

2'°004p3 



Tbb1e i (continued) 

1 2 3 	4 a 6 9 	9 9 10 	11 	12 13 	14 

Ill 6 	1 30 

2 6 	1 10 

3 61 2D 

4 6 	1 10 

111 	3 blasts 6 	1/2 3 3.22n 2.58 12.5 3,8l m 5,50 70.5 2, 20 m 8,40 26.2 
in quick kg each 
succession 6 L435 m 2.58 55.5 2.44 m 5.50 44.8 2.52 m 8.40 30.0 
with a time 
interval Of 16 0.032 m 2.60 1.2 •0,05 m 5,50 0 0.953 m 8.40 11,3 
0,5 toIeec, 

4 blasts 6 	1 3 
kg ~~ch 

6 3.0 m 2.50 1 5.75m 5.40 106.0 4,98m 8,30 6,0 

19 0,94m 2.50 8, 2D m8 5.40 59.0 3120 m 8,30m 8,5 

Eff, Pr,N Effective Pressure in metre height, as * ow • p 

% PP 	s Pore pressure in % of effective stress 

•, r 

oi' •pl 

512 °.•p2 
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TAO 2, 8 - flizOflttsl tafldr Vertical 2 ccclera , ,ofl 

131wt No. Chnrgo 
uan .~y 

Depth o 
from 

c ors 
Lion lop 

r zont 
Iced ore' 

c~ 	c 
,Cco.+ - 

Blasbrag of p .cI 	► t,ior rat ion 
P pint 

an in 

Hi (Pi) 1 6 30 	Surieco 0.2 0.4 
8 	(off) x 6 30 	surf ece 0.2 0.28 

137 ('1) 1 6 30 	suraeo 0.2.6 0.4 

,22th vo Accc1eraion 
1 4 • 20 	surf=o 0.32 1.3 

2. 6 20 	Surf 	o 0.32 .0.88 
B6 (P i ) 1 9 20 	surfo 0.70 1.70 

t~ ovs 	c+ 	Ej2- 

2 (p 6 20.tra 	y 0.2.7 Ii. 
H 	' 6 20 	SUEO 0.32 0.89 
87 (P) 2 6 20 	Surf ace 0. S 1.4 

Distance era , ccol.oratioan (eh arc 
912(P1) 1/2 6. 10 	st1rf 	o 0.5 1.3. 

T 9 (P 1) •1/2 6 20 	urf :c 0.12 1.1 
Dist co va Acco1orotic:n 	t 	th of hap 4 m)  

3 4 10 	Cf cco 0.6 2.0 
Ar ( I) 1 9 20 	surface 0.32 1.3 

Uiatmncc va Tect3Ynfi4c! JIp t of ch 	O G m 
H9 (P1) 1 6 10 	strt 	.o 0.8 2.0 
D 	(P1) 1 G 20 	Surfc o 0.32 0.0 
u1 (P1) i G 30 	rk 	 u 0.2 0.16 
Di3 (911 ~ 1 0 so 	:u 	co 0.06 0.1 

(continued) 
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Tablo 2.8 (continuecd) 

i isti:.nce vs Acceleration (DO th of cha 	t 9 m 
Bii (P1) 	i 	9 	10 	Surfece 	10.5 	3.0 

1 	9 	30 	Surface 	0.7 	1.7 

.222thof 

 

pçwpvO -... Acceleration 

B (P1) 	1 	6 	10 	Surfa e 	1w 	2.0 
B4 (Pi) 	i 	6 	1o. 	3 in 	 4.4 

ne th oaf Pick vo Jcco1erot on 
(Distance from tho b1tirg poLñt 	20 m} 

131(P1) 	1 	V 	2a 	Surfc o 	 0.89 
Bi (P1~1. 	6 	20 	3 in 	 2.5 

Effect of 	rc1e. of Accelerati 

Be (Pik 	1/2 	6 	20 	Mace 	0.117 	1.1 
B5 (P) 	1/2 	6 	20 	rf 	o 	0.3 	1.0 t 
3 ruccoss'- 1/2 
ive blasts each 

i) 0.46 	0.33 

ii) 0.25 	1.0 

iii) 0.3 	1.0 

6 . . . 
	Surf aco 
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Tb10 2.!'- Sumrny of Sott1 crn rnt Date 

Plot Bl 	t Chcrga Depth Dopth o S3ttlQ- sott1.o- Sottlo 
NO. No. Gottlo m..nt at rr nt tat mnnt 

mint 3m 4m iSm 
pi ato dim- distan- dic tanco 

tenco . cc in in cm. 
1 r ~n m cm 

2 3 8 

I 	Bi 1 6 surf 	o 8.85 
6 m 15.3 

n 2 i 6 Surfaco 5.8 
6m 8.25 

8 1 6 Sau deco 3.05 
Gm 6.10 

i3 	D~4 1 6 sari c o S. 20 
n5 1 4 Sur&LCQ 6.10 

06 1 9 surface M0461 
87 2 6 rf=0 7.33  

88 1/2 6 Surf 3.35 
119' 1 6 Surf ccc 

8lo 1 4 Surf aco 8.25 
9 -SurfacO 7.33 

IX 	r7.y' 1 6 Surf cc 

111 	4 cycJ. o 1 6 Surf + o P.46 
8.55 

3 cycleD 2 6 Surfeco -0.91 
6 m '-0.61 

'-vo sign 8 hou.a h avir 

3.0 Nil 
»3.35 

2.75 0.92 
2.44 

2.44 ..83 2.44 

4.21 0.30 
2.74 1.83 

-2.74 •3.36 

3.66 -0-91 

0.92 0.61 

3.66 1.22 

1.83 0.61 

-1.22 -'1.22 • 2.13 
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at th3 School of R3aQarrch and Training i.n Ea thgvnko Engineozin 

Roorkee, and pesoi0i..ity of liquefaction and total , ottlomnto oc 

p: ctcd were estimated. Th3 field resultc tioro In conformity with 

the laboratory results. Th3 conclu3ion dratan on the bin of the 

cave field and l aboratorytwto v-a [ 8] 

t1) That the Tonughat C anda axo not Prone to liquefaction 

under anticipated ground motion. 

(ii) .That the settlement of the pond aro not oxco a.ivo (0, 62 in 

on onfiicipatod ground motion of a.1 g) . 

Hence no troatmot of foundation U nocos zuy. Row or, at 
the junction of the upstream and downotroom toe with the beds 

a flexible apron 3 m ( g. 2.5) thic graded as inverted filter 

material in a length of 30 m have been providod. now tho found-

ation sand was only a problem for aoepa o and to provide an imw 

permeable barrier across this d pth was a task before the project 

authorities. . 	. 

?. C.7. Un~.orl i 	olc St 	t EBed, (s t, 6070 n to 0375 nr) 

Detailed invootigation botwcon thic length coneiating of 

cirihing end water-loss Wit, indicated high pourcpMlitic3 bow 

risen a to 6100 to 6250 M. Furth== inrczttgat.ton broughrr.:., out the 

o:iatcnco of an underlying old o trot bad crops ing the dam. HCU d 

rock a trnto lu , ho war, found on an nvorco of 3 in of the botton 

of key trunc h. it has, tt roforo, been decided to grout from 

an 0070 in to 0375 in upto 10 LL c! cw, the bottom of cutoff. 

Thuu in the entire length of the dam there was practically 

no problem in providing the cutoff oxcopt in tho river bed where 

concrete diopbr rn woti was aoptod c pe anent cutoff. 
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Chaptor 3 

CHOICE OF CUTOIrE?' 

3... a, 

 

__r9__  1 

Thy safety of a do with a foundation of Loep alluvium to 

directly ra►lated to the offcctivoncso of the cutoff in the tow 

ductton or control of aecp e under fihh dam. LJhQn the foun&-
at .on alluvium is shallow, or whcro dowator ng problem nz not 
groat, a pmt tivo cutoff in the form of an ore atcd open core 
trench backfU.lod with compacted inQorvioue material is usuily 
adopted. In situations requiring a dcoLp cutoff, the conpcctcd 
core trench method often becomes quito a ensive and imprccti 
cable. sped, .i ashen wor]ing poriod is rOD trictad. 

3.2. In caso of Tonug hat dame whore the river bed nand posed  
serious dowatoring problem different altornativo n thodo for 

priding cutoff in the river bed wore conoidorcd on the base of 
time an ecOnomr. These are 

(i) Stool shoot piling 
(ii) Provision of upstream i ervioud blanket 

(iii) Dt cI {illad open  trench 
(iv) Groutinj 
(v) slurry trench 

(vi) Connrcto cutoff ua11S 

h000 eltornativc3 wore cons idured on the c)cvo-m3ntioncd 
be o of tiz nd ccononiy. In cr. o of Tanughat,tirne WCD more irw' 
portont than oast a the targot ace to otoro water cwurint Tuly 

lO-  Gi) to (tabor 1DG) and supply to okaro Stool Projcct iron 
)ocombor Z96. 
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3. 2.1.  "Moot sha-P Pi1i.r 

steel sheet piles cutoff have been provided in a nu >or 

Of dew, Some Of the examples being Fort Peck, Garrison, Oahu 

(s)), Derd.flon and sanest. o Dam (101 in u. S. A. and I thy, Pan-

chat Hill [ 11 ] about 00 km downstream from this site whara allu-
vial deposit is also of the aemo depth, i.e. 15 n. it is vary 

difficult to male a shoot Pilo cutoff watertight. There ore ol-

ways chances of leakcgo through the joints and at contact with 

bad rack. Due: to pros once of pieces of boulders in the mass of 

bad send at lower depth, and irregular  bed rock surf moo, tearing 

onc curling of stool shoot piles could not be ruled out. Again, 
to drive zboet pile without the fear of damoga to interlocking 
and in the whole river bed in one season was difficult task at 

Tonughat dam A study of effectiveness of Shoot piles at Fort 

Pock. Garrison end Qaho dams as pros on d by L.ena and Vlohlt t 9] 

ravvozl,s. that 'sheet piling has been relatively inoffectivo for 

controlling undorsoopcgo' . At Kota dam (12) €1co it wa not 

found to be effective. Hence this possibility wa. cn.iroly ruled 
out. 

3.2.2. 'rc r a i on a u 	c#m it t ry i ous bl anl:ot 
Upstream blankottinrg is € loo 0 masuro to control acopago. 

Ito use alone or in combination with otc1 shoot piles wae con 

s dared but tics found to be unsuitable under circum3tancoo. The 

lowor valley dam on this river at Panchot Hill, ui: o the cat' 

off is a combination of shoot piles and bl ankottinj two the rawin 

pupoeo of flood control wh:srea in this project, the purpoeo is 

reservation for utilisation  ciurinj loan months of flow. in 

P anc het Hill dam. a single row of shoot Pilo driven upto rock 
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in foundation below river bad and extended 6 m above river bed 

in the . cone with a blanket spreading 150 m upstream of the dam 

[ 133 in the river bed. This arrangement was not workebio at Tanu-

ghat as the whole work waZ to be coup1ote8 within one working sea 

con of rtoar .y 200 clays . 

3.2.3. p : 11 ad. op n cpc 

This is the commonly used method under many dams. It pro-

vide3 direct voru oa to impaction and control of quality of 

work. 1o result this typo of cutoff prwidca 0 tight and offoc,,► 

tivo barrio, to seepage . The principal difficulty in cons true" 

ti.on of a rolled earth cutoff Is frequently this dowatCring of tho 
excavation and holding down the water level until the trench is 

At Ten Fiat. this problem of teat clog and holding down 

the water level for backfiUing the a avat.cd trench was stu'►. 

pcndous. On working out th cost of dowatoring itself, it was  
coning more than the coat of cutoff finally adopted, the oxc+c 

votion and beckfl1ing cost lw.az in ed ition. A foreign firm 

o.. farad to use the tcchniquo of freezing the water which cou1d 

,:Warn the excavation end baokfilling task much easier. The coot 

of this method ties estimated to be lower than the conventional 

dowatoring end b€ckfilling o on trench, but this technique hae 

Licz 	cc ofully in cold clinto e4 not in a tropical 

climate 1i10 that of rng hat where day fie orature ciuring uc~..::►er 

working season varies butt on. 100°)? end 120°). So* cor►!plotion 

of open Inch cutoff in one working  season was round unocoM 

3. 2.4. , , 



3'7 

3. 2.4.  paC:^cntt Curtain 

This ZU thod is pray iding a dependable cutoff and being 
frequently cdopted nowadays in dams with large pory iouc dePtxt 

sits . in rigor bad as permanent seepage barrier. such grout cur-
t, ina hate been used in many dam fl. the notable o steles being 
Scrrc Poncon Dcm in Franca t 143. High Aswan Dam In Lgypt (15],  
teas ion Dart in canade (16] R Mattmark Dan in switzarl 	(17] 
and Kot& Dom in India [ 12] . Serious doubts on the ofiicay of 
cutoff containing evon vary on, all porcontco of oponirzgD hwo 

been t by Ceicgrondo ink first fl no lecturo (10] . Ha 

has given exaxrlos of a membrane which he slits A. 5 nn (l/` 6 

in.) wide sp ed ovary ].$ m (5 Et) . This would corroopond with 
an open-apace ratio of 0.1%. For the case where base width of 
structure is 30.5 I (100 t) and so is the depth of curtain, so 

that for a 1.5 m spacing the nur ser of slits, no is 20. the 

theox'etica3. cutoff effici ancy. Loc. the ratio of the -rt duction 
ofseepago discharge due to the cutoff to the rata of flow without 
the cutoff is 29%. In other words, 71% ok the rate of flow with 
out cutoff would still be going through these slits. if tt 
owe 0.1%; of the area is divided into a larger nunber of sl 

the cutoff efficiency drops down oven lower, with n equal to 
120 it is O%. in so= of the recent C igna increasing rolcmca 
has boon placed on the grout curtain, and the provision of the 
long impo vie a b} cn'.".. t- h.ci been omitted or curtsi.tc Ct in sorry dam 

is uhioh this wa provided. i!ci.rcvor, this cart curtain bee .nosh 

ly boon found to be more oucceseful in çjrcvot cnd bouleor otrato, 

whore c1ay'com3nt, clay, or clay chemical grout can be oraployod. 
At eta. It was used purely c an additional safety feature. For 
dopendctiUtv. it is necessary that the thickness of the groutad  
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zone a hould not be small in relation to the had, and this tends 

to male the mthod expansive. At Tenughat whore bed width tian 

more than 300 .rml both time and economy wore €+gainat the tech-' 

niciuo, even with cement or bentonito grouting . In c as o of c hami" 

Cal groutinj the cost would here been four-tco»fivo times that 

of the adopted method. 

3.2.5.  	t conch 

V10'alurry trench' procedure with soil back Lll had been 

used as a permanent cutoff under a dam first at x anapurn Da* (19, 

201 in U.S.A. in 1958. There the foundation material consisted 

of an erratic deposit of sands, gravels, and cobbles with some 

open work gravel extonttng upto a depth of 27 :m. The pormeabi 

lity of the various 1 bra rang ad roughly between: 0.1 cm/sec. 

and 3 cm/s ec . In case of Tonus het Dam, sand dopes i t varies from 

5 m to 25 in onl y and permeability of sand I cm/sec. maximum to 

0.1 cm/Sec . 

Global tenders rare invited for providing the cutoff with 

design in OCtaoar 1966 with time limit of complotion upto Juno 

1967. No tender was received for slurry trenching , d the Rarer 

Vcllcy Departmnt hod no such carting machine in hand to 

provide this t 	of cutoff though, it sccns, thin might hcvo be= 

the ct ,ant cutoff. TriO usual depth upto which this typo of (.,Al, ij; 

Cc be prcu *!Cd As not limited and it d.opandD on the equipment 

working. The usual equipment currently cvcil bla inU cafe pro 

tical limits of about 37 in j 211 with a dreglino, about 30 a with s 

a c.Lamabe .,. So►:te trenchthg chince such a tlia Parsons 350 

Q enchi thor, can be equipped t t i a epochal l adder to aj~ v.? ate 

depths upto 14 M. AS the deposit .a3 only 15 m, the Vogl. no 
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could hrvc uorkod and it would have graved chi por. Leak of 
prc viswa orperionao in thin type of or3. was also a consider- 
ation in the decioion. 

3.2.6 	rata D& 	rn gall 
Vertical concrete walls of variouD types hare been tnit. 

&.led under a few major earth dank foUndatona as 000pego barrio 
(T ,c 4.1) ., tJhon founded on rock over their whole lcncjthe can- 

cote wells aro perfectly satisfactory and provide almost co 1c 

irnperviou8neso. Tho offer by thw firm i sra Raffia Foundation 
Engineeringand flazrat & Co. of Bombay under the R .io-Ma=on . 

process was ,orhobio i4th both tirno and economy co sidoration and 
was 	4 at TOnughOt Dom. 

t hthe decision to pzwiao a doubZo concrete dtaphrøgm as 

permanent cutoff w .. the dam Coction as shown in Fig. 2. S was 
adopted. The oorth3n dam as shown in the figu r (2.5) hen as i-
zona.• section with, a slanting control iaporvioun core flanked by 

a OrRipOZVtOW3 casing bath on ups trccim and downs tre ul th a 3 m 

(10 ft) thick wend chimney filter, aenduic d baton central 

corn and downstoam imp®rvious fills leeding to a too drain 
with suitable weight and filter Xn the river bed portion whore 
the dem roots on porvtous deposits, ' a rock too lies bon prcridcd  
both at too and heel. 
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Chapter 4 

DI A 'BR N iECRIIQUE 

4.1. General 

DcsLgn of dai& on porvtous foundations preoc nts many pro 

.low,* and. these tend to bocc= much more complex when the per -
Vi0UI3 CtI?StUrn is not we1lcompccte6 and is irregular in density 

Where thtc)cness of the dapoit is large and of high perrabi1ity. 

the cost of providing- a positive cutoff for sitting a dam be 

coma olmost prohibitivo. The dtaphrcgrn tochnique t hich iS of 

recent origin Is a very useful method of tackling such prob1ern  

under a dam or simil or other r structures . 

4.2. Historical 

The E irzeorinn profession wax greatly in need of some new 

technique which could on Xo deep tronching without providing  

support in presence of sub'øoU water and without affecting the 

the st ility of the 3urrrounr. ing s , The principle for deep oil 

well drilling with tt zotropic liquid support ci wall )mown to 

the Engineering prof+ eion. This thixotropic property was first 

utilisod for o cavation of a rectangular trench in Italy (22) in 

the year 1950. Since then hers has been a continuous iniprove 

k~..~ ; .n the tcchnaqua and Its uce has also wic enad. she art of 

placing concr to under water 4 th or without roinforcoment by tro-
mic is in practice since early forties. `i'hz cone rate dic hrcguu 

all technique La a co incition of the tronchinçj in prcsonco of 

th rotropic liquids and concreting by tromia, 
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4.2.1 Thin tochniquo was initiated for the construction 

of sub-tray in I4ilan., Ito err by i .c. o. s. (xrr rcac Ct tru;ion. 

opre S i 9. ct ) [ 22], a firm aoing tb specialisedjob. 

4.2.2. 'h rrath d by now had boon widti.y used in Fria, 

Switzor1 nd, Great Britain. Greece, Canada. U. 3. A., Australia 

and many other countries in the world. The first turn of thin 

technique in U.S.A. was for a pormnont otructuro at Xonnocrick 

LcvoG in 1952, arid in India at cobra din in 1966. The canvtruc 

tion of this slurry ,trench we done by patented oquipr, nt. The 

pioneering tlrm unue king ttiis typo Of work are I.C. sir a.. 

an. i"aLy z.L.S.L.r also i ilan.. Itchy Horzzl min ring 
Co. • Chico, U. S. A. r , olot8nCheI Framo. I3nCLtQ, Frio; Rc io 
Foundation inginoori ' Ltd.,  Switzer) aTld X DOU901t Xre4tend Pvt. 

Ltd., 	bourne. Zn India, Rod$ Hnzarat and Co.., Bombay, and 
C i finer and Co., Bang alores [ 233 undertake the work of this noturcc. 

4.2.3. Many dam of al ate► to"rnodaroto height seated on pery iouc 
foundation hares been constructed with slurry trench cutoff with" 
in 13 t two, and-- ha l. f dcc ados . one of the moe t roccrnt and inn' 
pert ant o r-uplec in that of a 91 m (300 £t) high Bighorn Dam [ 24] 
in Canada on a 65m (212"ft) dcpca.it of sand. cobbles and bolder 
without any problems of rnaintonrnco so far. 1+ Xistof acme of the 
rare, founded on purvioum doposit a of 1ow"tc radoreto dopthe in 
tihich pormanont cutoff hci been pro'idcd by olurry"trotch test ► 
niq le, CSasi iZ~.-.• a-.rv..*Vc.a 4i...) -pur )C+.ic t. t1 + i.+ C 	 i...~~  

lam no Toro in aponded in the 	 of thin cha tor(Tabfa 4.1) 

4.3. 	5:.-nch Toe an$ o 

The c1u.. r tr.. nch ttchniquo of conatructig a socpcga cutoff 
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consists of oxccvat .s a trench with vertical sides supported by 
bontonite &,urr nd bcckfilling this trench with solectod coil 
metarial blended with bontonito slurry. 

is the materials are removed from the trench. bentonito alu-
rry is s cd at a rote such that the trench always ways remains fill-
ad. This sljrry. slightly h-a vier than water, forms an impor' 
m ib10 filter cake on t't trench aides and oorts sufficient pre- 
acuro on the walls ox the Inc to support thorn in thin v-2rticcil 
positions. . fir o aufficient length. of trench hs bean oxcaratt 
Cd. backfiili.ng operations can be started. The selected bcakf# ll 
may consist of part of the mater  .+s from trench o=avattoxz mixo8 
with borrow øateriels to pride a woll"gz'edod br ckf ll that will 
be icr ego. safe from piping. and EU1 minimise settlement, 
Sluff La mid with the baekfill material primarily to reduce 
the pormeabtUty. It also aids in blending fine arid coarse back  
fill materials and improves the bcc1cill placement char ta-
tics. 

since the backfi2 .ing operation prcgroasc at the sane 
rats Co trench o rcavation, the slurry dinpiccad by the b .Tcfi .1 
Lo used In the ostons ion of the trench. 

4.4:  .°g► of 4sPhrq 

There i u no Marocd oil. cQ i€ic ation for the typo of diaphr m 
which hci buuuu c 	tc so fer. It lies boon mentioned earlier, 
that it is practiced. innovation. I-Zezico It can be broadly cl a ai' 
f iod into two on the far is of construction procedure, vig , 

(i) Rigid typo 
Ui) Pl tic typo  
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4.4.1. Rigid typo of 6iaphragrn arc concrete. both plain and 
reinforced cast Ln itu diaphrcgm. The rigid type of diaphragm 
am constructed in different manner. According to Edison. (23) 
Group rigid diaphregmsof the following important types are known.: 

(i) Dispbragrn consisting of tangential piles (bored without 
drilling mud) or Hcnoto type with drilling mud) rig. 4.10. 

(ii) Diophragm with interlocked piles (Pig. 4.1b) . 
(iii) Di hragm with overlapping elements (Pig. 4.1c) . 
(iv) Diaphragm with elongated oler nts either circular or straight 

night (Plain, reinforced or pi as tic concrete) Fig . 4. id. 

(v) Special load boa .ng type: G. Veder (22 ) ir4tcctqs that 
current trend is to provide separate load boating oiem3nt. 
such as X.L.H. end douhl+o iehaped for load bearing groups 
of diaphregm . These elements allow verticol loads, shear- 
ing forcer Cud banding momenta to be resisted. They also 
o h# it the some advantago as continuous diaphragms, such 
as Obsence of disturbance to the surrounding soil, minimum 
noise, the possibility of construction very close to the 
buildings. high load bearing capacity and great versatility 
(Fig. 4.10)4 

4.4.2. Plastic ni rcg t : This type of di u9 hrcgmo ore prau id! 
ad by bcckfilling the slurry trenches with aolactod Boil materiel 
blended with bentonito slurry. rmst of the slurry trench cutoff 
prvidod in rsnz rican u . om cw this typo. (Fig. 4.2) 

4.5. 2acbinoy used for Disphrm Construction 

The construction of d cphrngme on dams and other structures 
is being done by patented m=hinary. They can be eubdividod 
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Into t to cats gorries on continental bao is, i.e. - 

(i) Et ropoon, (Fig. 44 ) 

(it) zmeriocn (Fig. 4.2) 

4.5.1. Europoan Typo : The Europoon typo patonts for the var-

ioua tcchniqucx known in di ephragm fields are » 

(i) i . c o. S. (I toly) 

(ii) ,& Boon Group ff,.,lano) 

(iii) Titania Systemn (Italy) 

(iv) Roadto mmoni (rence-itoly) 

(v) E.L.S.E. (Italy) 

A list of m hia oe f 23) usod for oxcaveting trenches in 

given at the end of the ch tor,(Table 4.2) 

4.5. 2.American typo; Tho U.S.A. has also made headway in 

dosigning spacial toohniquo for diophrcgm wall conotzuctFion. A 

number of patents relating to diaphragm wails hero been is s c . 

any of thorn relate to specie]. oowatinj tools and msthodc for 

o rccvoting a slot or a trench section. One of the fsrnouo patents 

is Heyza Engineering Co., Chicego. 

4.6. Construction Procedure 

The principlo of construction of the slurry trench is b ed 

on "Revere o rind circulation ay t e in which "rich ectivo ci aif• 

or ''bentonito" in u. ad ca a drilling tm d to support the wails 

of the c .emcnL-o or woA 1 luo . 	rc'aor o c 	lot±e lot . 	 oy tc. en- 

ouree continuous flow of bontonito in the docent being +oxccvatt 

ad or drilled. ' ?he patented "+ranching oquiprr nt" with a poi:or-

ful open vono pur . sucks out the drilled or o cavated materials 

nl tr, tk~ tom) bantonito slurry. The dobtio is d .scharged into 
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slurry pits specially excavated naxby to receive the mud and 

cuttings. The bontonite slurry Flats out to enter again the 
element being cxc svatcd through a system of drains. All the 
ubilc. , the level of bentonito slurry is maintained in the alo-
mant or, panel being oporeted so that supporting action is contif+ 
nuous . vhetovor slurry is obarobed inside the voids of the Ø Pi  

ounding material or used for forming a membrane along the walls 
In to be replenished, Ti .l the execration of the element is c 
plated, the circulation of the drilling nud is to be continued. 

The sounding of the trench for Its clearance from the loose rne' 
toriz4a era. repeated  and the diaphragm reinforcer nt ccgo (if 
reinforced) is lowered and concrete poured throuch the tremmie. 
The cotU.od construction of, ' enughat edam diphr'agm is inscribed  
in Chapter 5. 

4.7. 	torn + outn 	afar stab lLt of t^ho Exc aced 	h 

such work has boon undortakwa In rccent years to determine 
the nature and extent of the !otco3 which t on the vertical 

trolls- of the slurry supported tranchc . Before si ios, there 

euro no theoretical roesoni.ng cdv+ od towards the stabilicing 
factor of the slurry trenches. In sixtios, the factors and forces 

wore experimentally  verified in the laboratory and also observed 

in field. The £cctoro which account for the stability of long 

one h= co c ugg os tad ray various authors era- 

(a) FSyciroctctic proosuroof the clayu4urry. 

Cb) Pcaivo rosictcnce of the slurry. 

(c) Resistance to deformation of the filter cake vodor 
(1961). 
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(d) Ei.ectro-+ rnoUc for'con 

(e) Foctor pravonting initial disturbancea. 

Th3 prominent reeanrchers in this field are M.Mra l (1962), 
Lorenz t 26) (1963), Voder t22) (1963), Nwh and Jono f 27) di963) r 

UUarganntorn and inir-Tohmassab t 28) (1965), P4askowskv t 29) (1965). 
and Elson t 3Pi (196$) 

Rocontly, Tom r31] (197 5) has also conducted experiments 
and verified recently the density and properties of the clay slu- 
rry at the Water Resources Development Training Contra, University 
of Roorkeo, accoUnting for the s t it ity of trenches in dry sands. 
For long trenches where the length may be several time.3 the trench- 
depth a fawn for ctcbi.11ty of the trench well was first don`s 
lopedd by t4ogest4m and Mi Tahsa b. itrther, it as confirm 

ed by Duguid [ 32] ("' as slurry trench cutoff for the DUflcafl Dam 

1971) . drat-ever, for narrow and deep tronche, whore the length 
to only a traction of depth, no rational mat ernntical analysis 
oC the stability forces has yet boon cchiovod. This is boccuso 
of the short deep trench, there is an arching zctUon around the 
e).ve rnt .onos shown schematically In Pig . 4.3, which contributes 
tower a stable exccration. Full use of this arching cetion is 

mado in a round holes, which is more stable than a 1lat"wa1lod  
trench. 

d. 8. Functions oof the ulurry (ins o ito) 

It hen boon noted that during oxcaratton 02 the wall panels, 
the functions o__ the bentonito slurry rrero very sitar to some 

of theme mentioned in 4.7. In old,- -noll drilling, the mud used 
his aloe similar unctions and these ore 
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FIG 4•L_SCHEMATIC DIAGRAMS OF ARCHING ACTION 

(A) STRAIGHT LUNG UUk,%Y TI•+FNCH EXCAVATIONNO ARCHING ACTION 
AROUND VYAL I . 

L) ".—c7 	 I 5 	TION t)F E XCA ✓AT10N SOME ARCHING 

AkuUND ENDS. 

(C) ROUND ►A L F ' FUI L ARCHING ACTION. 
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(1) To pr rent the trench wall from caving. 

{ ,i) To deposit o thin filter cake of minimum permsbi1ity 

on the sides of the trench dells, preventing a .oeznivo 

loss of slurry, rnc1 also enabling the slurry pmsouro 

to b&+once the soil pa nurct 

(iii) To kesp the cutting in ouSpension. 

(iv) To remora the cuttings from exc z , atior,'hut release them 

ric hly in the side trench ofd'' lifting from the 
y, 	~y~..y ~y~q 

panel tench =. 	 /! 

The viscosity  ofe the al u r 	nn important f tc for in lifting 

cuttings, a higher viscosity giving totter lifting proporties. 

ifigh densities ecount for bettor stability because of higher hy,. 

drostatic head, but reduce th rate of a »avat on. 

&.0. c n 	M hm t t 3o 

14 my the diaphragmere constructed of three type of 

concrete 

(i) Plain cunt concrete 

(ii).. Reinforcoc comont concrote1 and 

(iii) Plastic concrete. 

4.9.1. For diaphr r 4th no tructirel requirements. plain 

c©mont to used. 

4.9.2 	!hen the iaphrmsas subjected to c:ifforontial pre•► 

cotiro, structural otc iiity roc, uiro the use of roinfercod con-

croto. 

4.9.3. str o°otroin otudic on plastic concrete indicate that 

plastic concrete of it 2.O mii , yields adequately before rupture 
either in coin'rescion or tension. I3esidos, its cohoivcnesa, im- 

O 65 / 	RO KEE lT~AL LIBRART t1UIYFI1SUT Ct 	OR 
unn1t E 
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-pormosb ity and fluidity in field, id quito satisfactory. Thh. 

plastic concrt.o conc. 	 with coarse aggrcgato also indicatc good renults. 

Therefore, use of plast c concrete under earth dam is increasing. 

4. lo. ! . CCOr;aerHti of Cox~crOta 

Th3 concrete in the trench is placed by either of two rn th' 

(i) Tremor .e method 

and (ii) Pumping method 

4.10.1, T eir ie £:3 shod *► The pl errant of concrete by tremmi 

is most common and has been described in Cheptar S. 

4.10.2. Pumping Mt hod 

Recently, the krt:rioans have started to place the concrete 

by pumping meth, through pumps of the 4ston-+Usplecomant type. 

The method of placement of concrete by ping ensures faster 

and + oxntinu.+r us supply. but it needs richer mix t ith pissticizorr 

and rotardo . This placement technique in cootlior than the tre 

comic method. 



3,28 m 	32 m 	18m 	1965'66 
upstream 	short torn 
bore 

1.64 m 	19,2m 	16 m 
upstream 
blanket 

1966 
Grouting sound 
rock below tho 
trench upto 30 
metres 

2.52 m 29,2 m 	16 m 	1969 
upstream short 
berm term 

1.26m 12,6m 	4,9m 	1959 
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Table4, 1 • Dicphragm Cutoff under Dom (Slurry) 

S1,No, Project Foundation 	Mat e rial Trench 
lidth 

M1, cimum 
Hoed 

Jnepthof 
1Qff 

Year of co stru 
Lion 

6 

1 	Kennewick levee, McNary 	Sandy or Silty gravolo it'n zones of ipen grvol 
Dam Project, Columbia River, 	K a 044 cm/ cc, 
U.S.A. 

2 	(;'anapum Dam, Columbia River, Sandy gravels and grcvolly sands underlain by open 
U,s,A, 	 work gravels K a 2.5 cm/sec, Al. k 	1 Cm/sec, 

3 	Mangle Closure Dam, 	Sandy gravel with cobbles and boulders; gap graded 
Mangla Dam Project Jt lug in range of fine gravel end coarse sand 'k: 0,4 cm/ 
River, Pakistan, 	sec. 

4 	Duncan Lake Dam, Duncan 	Surface zone of sand nd gravels over zone of silt 
River, erjtis,h Columbia, to fine Silty send with silty clay Ka1surface Zone) 
Canada,  

5 	West Point Dam, Chattah• Upper stratum of alluvial soil, alternating layers 
ooch a River, Georgia 	df clay, silt, sand, sand and gravel.' K varies 
State, U.S.A. 	from 1,9 k .01 ca/sec to 3,6 x ,44001 cm/sec, Lower 

stratum of residual soil, brown silty sand; K: 
4,6 z ,00001 cm/sec, 

6 	Saylorvxile Dam, 	Surface zone of impervious alluvial sandy clay, 
Des Dines River, Iowa, 	Pervious zone. mediu1 toffino sand and gravelly 
U.S.A. 	 coarse-to-fine sand, average K (gravelly sand) 

0.15 cm/sec, 

7 	Broke Pondo Project, 	Unifogya fin'to•eoatuo sand with some gr 'el 
Suriname River, surinane, DinZ0.1 mm, 
U.S. A, 

8 	Wells Darn, Columbia River, Pervious grvols 
Washington States U.S.A. 

9 	Yard Greek Lower Resera 	Sands grevols, Gabbles, and boulders. 
voir, New Jersey, U.S.A. 

10 	Comanche Dam, Dike 2 	Alluvial deposits of varying nature, Al, K 
Mokelunne River, Calif., 	7,55 x 10 3  cm/eec, 
U.S.A. 

1,89 m 
	

4,92m 	7 m 	1952 
central Cora 

3, 28 m 
	

27,8 m 	56 m 	1959.62 
central Coro 

3,28,m 
	

12,4m 	7 m 	1964 
central core 

2.52 m 
Central core 

2.52 P 
central cord 

2,62m 

13 m 	24 m 	1964 

16,8m 	12 m 	1964 

41m 	29m 	1966 

(continued) 
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Tebld 4,1 _ continued (Concreto Di hr m Cutoff under Dame) 

s,No, Project F o u n d a t i o n 	M a't e r i a 1 Trench 	 dth Maximum 
Heed 

Depth of 
ICutof 

Year of Constxuc« 
I 	Lion 

2 3 6 ii i 

11 	Poneos Dam, Grreca Thick layer of alluvial deposits, sands, gravels of 0.6 m 	50 m 17,5 m 1965 
high permeability, 

12 	1tle 	eny Dna, M.A. 0.6a 55 m 1964 

11 	cbra Dam, India Alluvial overburden ulth alternate bands b9 ca a r 0,6 is 	30 is 24 m 1966.67 
i naceoua shalea and limestones, double row 

K c 1,3 x 10'2 cm/sac to 8,6 x 10.2 cm/sec 

14 	Tenughat Dam, India sand, greteis and bouldorn, X0,75 Cmlrssc to 0,6 m 	50 m 15 m 1967 
1,0 cm/sec, double tour 

15 	Bighorn Dam, Cando Alluvial deposits of higher poana 	lity with mess 0.6 in 	91 is 65 m 1969 
o6 mc1s, 

16 	Tem orarCutoff 

16 	Okai Darn, India sand, greiol and boulders 

17 	Arnie Duro Dam, Brazil sandy materials 

18 	Menicouagai 5, Canada Pervious alluvial deposits and boulders 
(undcr cof ferddam) 

19 	Mnn1couaa 3► Canada Pervious alluvium 

McMst itz Dam, tmstria Pervious river bed deposits i( 2 x 10 	cm/sea 

0,6n Bin 30 m 1968 
double roe 
0,4m 21m 35m 1961 

0,6m 215m 70m 1964 
h dam 

0,6m 17m 106m 
double ras(piles) 
4ru~~ 116 m 47 m 196569 
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chapter 5 

Cf t ST f ICTI ON OF CUTOFF IN TEN1JQHZT DAM 

5.14 G o n o r a I 

Econo ny cnd time cons 1,doration os discussed in Chcptor 3, 

le+ to the decision of providing concrete diaphragm ua .ls is per' 

manent cutoff in the Tenughat Dam. Th tender quoted by i scrs 

Rodio Foundation E gineortng and Haaorot and Co. of Bo ay was  
accepted. The work was entrusted to the firm within the fr n o-
work of the contract t333  as per 5.3. 

5.2. ;a per construction riche dulo prepared before starting of 
the trenching operation, the entire cutoff in the river bed and 
accomplishm9nt of the closure and diver io of the river had to 

be done in two working seasons only, viz. i966.67 and 196768, 
The closure required laying of 18 million n3  of earthwork to come 
to a safe level againot a diversion discharge of 10618 m3  per sec-

ond. Eoforo the raising of the r dam, R.0 : coping of the concrete 

diephrogn h,d to be done aid encased. in a 1.5 m thick plastic 

clay cover. It, therefore, became imperative to co!loto the en-

tire cutoff across the river bed end the grout curtain below the 

cutoff in the working season 1966.67 and allow maroon flood to 

pass over the diaphrggn after providing protective cover. R.C. 

capping of di ophragm. grouting of sand between the two walls, 

1. 5"m pl€itic carer end closure of river bed urn in the .orking 
schedule for, cos. -ion 1c67-68. 

5.3. The dociaion on the design and construction features were 

token after careful consideration. The main points ware 

1) Two reinforced Concrc)to iophrcm wollo. each 0.6 m thick, 
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Cr m panel. length end spaced 3 m apart were to be provided in 
the river bod; the upstream wall only was to extend on either 

aide (33.6 m on right bank and 134 m on loft bank) . 

2) The bottom of the diaphragm wall was to be keyed ct low t i 
metro into hard rock. 

3) The joints in the two rows of diaphregms to be staggered to 
avoid any straight-line pasnage of water from upstream to 

downs tronm. 

4) The rock below the upatrecim diaphragm to be grouted tbro tg h 
holes formed into the upstream row to a depth of 12 M. The 
spacing of holes for grouting to be 3 m - c/c. 

5) R.C. capping to be provided monolithically with the diaphragm 
projecting i nitro above the river bed. The capping to be 
tapered at the top to facilitate penetration into plastic 
cover, and to minimise stress concentration. 

6) croso— rally at 30 to to 60 m £art, 0.6 an in thickness, to be 
provided to connect the two dicph cgms for bettor rigidity of 
the otructuro. 

7) The top of the di 	hr m to be encased in plastic clay of 1.5' 
m minima; thickness from all sides.. 	The s and upto 2m depth 
bott on the two rows to be excavated and €illed back tiith irr 
pozviou clay before laying the pl es tic clay. 

3) The sand botwroon the di phrcgm walls Lobo grouter for bettor 
resistance against differential pressut and unequal uottal & 
mcnt and to i rovo beck-resistance. 

9) The monsoon flood daring 1967 to be allo :zd over the built-up 
diezthrcgm troop g it 1.5 m bolow river bird and providing due 
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Protection. 

5,4, Construction Procc,auro 

toss re ROdiÔ Hazarat and Co., may, construct the cutoff 
tinder Rod ,o' Z orconi proocsn . This .type of Cutoff tall ua first 
constructoci in India by the oarn firm at the 30 m high Obro Dam 
(344fj in Utter Prcde-sh. The procedure adopted at this site wcs 
the Acme . 

A working pcttiorz with its top elevation kept 3.5 in ebo o 
the groundwater tablo, ties constructed first. It had 3 top wid- 
th of 18.25 t troy with a View to accommodating the 2 ru a deep 
and 6 metro wide bentoni o slurry tanks on uk3atrecm side follow" 
ad by the protronck 	for the two walla in next 3.75i width, 
and a haul road for movement of men and equipment on the balance 
8. S*m cpCco on the downx3troom aide. The purpose oo k epi.ng the 
top of the Platform 3 metros higher then the $oil. 	tor table 
was to allow higher lateral pressure to be exerted € aina t t'hh 

trench wall than the water pressure for stability ajciins t caving  
and for inpart; ng roquirod gravitational hood to the concrete 
to flow with a as s. 

A 70 Cm uido pretronch ueo oxcavoted manually all along 
the di hrajm alignment and was linod with 15 cm thick and I in 
& op reinforced concrete, meant to servo the twin purpoeo of guid ' 

0 

incy the trenching chinol during ar.ccvation of the trmnch and pr^o-

v icii ng rco is t nco against cal. l cad o of the top o2 the rnc h u*ao 
to movement of mc hino etc. Dy the time Prot :nh_e :are com 

plotcd, other construction failitiot• liko the boatonito mixing 

plant, the concrete mixing plant and bontonito slurry tank %=mr a 
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eat +bitshed and trenching for the construction of the diephrcgm 

wall v;m started on the 26thFebruary 1967. ftor filling the 

pretrench with thick bontonito slurry with density 1.4 to 1,4g: 

the Calyx and percussion rigs were rnzntcd on 4c"1g rails laid 

along the p retronchcs while the clemhaU was gated by, a mo' 

bile crane. Alluvium was a cavat0d with the Calyx and claim'  

shell  rigs r  whereas the percussion rigs with a chisel weighing. 

0.47 tonne was used for excavation in rock. The chisel of the 
percussion rigs used was 6O cm din. corresponding to a width of 

wall with a 20, 32"cm hole located centrally and connected to the  

drill atom to suck out the bentonite slurry containing chipped and 

broken rocky as part of the reveree circulation. The trench wa 

alw•ay kept full with the bentor tro slurry under motion to main" 
tamp a marsh cone viscosity it betwoon 100 to 300. 	after the 

trench as excavated to the desired lave., the bottom levels were 

chock by close wounding in the entire panel length and was them" 

roughly cleaned by the reverse circul ation flow of the benton ►te 

ciurry. This operation was followed by bring of the reinforce+ 
c z nt cego (Fig. 5.1) firmly welded to on 	lar•ixon free, into 
the trench. t .th the angle fr, ms, 7.62"cm dim. golvonisediron 

pipo wore oleo t.olded 3 metres apart for forming the required 

holes. In the upatroai diophttm wall for grouting of the bedrock 
strata.. 

The trormie wce plated in the middle of the panel, and con-- 

crcting roz1 Cie n, -4  e t- e car `icd by d " r 	c1 e and dischaMod 

into the funnelled mouth of the trommio. 'L he bottom of the trommie 

tee 'fit o1way ombodacd in concrete poured by about 0.5 n till the 

entire panel woo coz:plotcd. The mix design for the concrete at 
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FIG 51 REINFORCEMENT DETAILS IN DIAPHRAGM 



Tonughat, diffored from that at Obra Dorn or Ukol Dam. On cubic 
metre of concroto at Tonuu hnt comprised 

ordinary porti and cant 	 252 J 

River bed and (F. t3. 2.6) 	 669 

Cocroc ajg 	a 	(1B" nu) 
	

995 IV 

later 	 252 19 
C 	 0.265 

83t 	 .8 cm 

28 days cube n tr ng t.h 
	

178.5 3,V/cr42  

(Concroto mix Proportion used at Obra dam and iii , darn are aho n 
in Table 5.1 for comb► .00n.) The bentonite slurry c; .spi aced 

curing concroting oporic ion tl o,." d back into the to , ,hero it 

wa rejuvenated for further uso. 

5.5. The sequencing of operations adopted for ,or hing and 
concrctiiig panó1Jcir4ae are 8hown in Fig. 5.2 and detailed soil 

slurry properties an shown in Table 5.2. 

Tarcnching. of panel wan taken up Eirat and two c t'atoel 
form tubes +-cm outer di tar were 1oerad in dead pluMb, at 

the two ends before concreting wan of 4. Jftor the concrete 

achieved the initial oat, the tubes wore pulled out.. The o; ca-
vation and concreting of secondary penols was taken up only after 
28 c2cxyn so c3 to allow adequate t1xrc for the dri ling and grout 
ing Eolloiin the cone trtction of panels. 

eop o tcphrjia vu2o J r e 3967 rrc-3 kept 1.5 retro below i 

the river bad to ovoid di hr to well workincj ce a p otrudinng 
grain - lcunchtng cron of boultiora tma provided for protection 
against scour for a diversion S Lod of 10,600 m3/sac. T ranching 

0 
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2. a) initial density - 1.4 
b) Dons ity in. trench 1.20 tea 

3. slurry level 
1.25 

• 3 m above sub" 
coil water 
level 

t ,ra Dam 

For (1: 1§:3 rni t)  

cement 115D kg~ 
39rcgeta " 
3/4 in. to 1/2 in.. 	45 cft 
1/2 in. to 3/8 in. 45 cft 
Sand • . 	50 cft 
tutor 50 lit rc/2 beg 

. 	mix 
slump 6 in. to 9 In. 

Uhf, DCt 

' rope rti on by t teig ht for pi ct-
ic concrete) 

cownt 	 1.7 

-clay (B3. ack Cotton, 
PZx*25 to 30 	3.0 

Sand (P.14.=3.7 to 4.2 6.0 
Water 	 4.6 

s1ui 	 25 ems 
90 days cubo strength 25 hg/cm2 

Table S. 2 - Foundation Sol and Slurry Pro - cities at Tonu hat Darn  

1. Type of soil - M iiur to coarse I. urry(for ntonito) 
send 	 LL 	 -3Qto350 2. Dio 	- 0.23 mm 	 PL 	 . 50 to 55 

Pi 	 above 250 
3. D 	' 0.55 nun SCE 
4. Max. void ratio - 0.79 
S. Min . void ratio - 0.49  
G. Relative density - 25% to 

5.5% 
7. sp. Gravity 4 2.62 B. r. M. 2.6 
94 Uniformity  C oof f . - 2.27 

Trench D .mansions 
1. Length of panel 

2. Width of panel 

3. Penetration of slurry 

C. c7th Of Panel 

5. Cella ac of si le 

6. Any chc...cal adcd 

w 6m 

O.6 m 

- 15 cm to 25 Cm 

Upto 1 n in hard bedrock. 

~► toner 

~za~. 
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operations woro ©tartcd on 26th Fcbruo ► and the firot panel arcs 
cwt on the 6th rlarch 1967. The portion of the diaphragm in 
the river bed was cc lotcd by the end of May 1967. the launch-
ing apron was provided c6 working platform completely removed by 
15th Juno. The e,rtenxiion-  of the upotroarn concrete wall in the 
f1an1u con nucd till middle of septomber 1967. The grout cur 
tam bclou the ustz~oc wall through 3.7-cm die, holes placed at 
;'m intcLvalo. was corn$ot d by December 1967. The grouting pro 
coduro envis aged grouting of top 1.5 m irot so as to build +tp a 
roofing and cure wetort.tg tit joint between the bottom of the 
dicghre m and the be: , rock. 'aka grout intake in the ton suction 
woe generally larger than in the .+owe!? octions. 

The entire cutoff 	phrzar in two rows for a length i of 
323 motes tcgotherwith crosswaUc and single row in a length 
of 134 mstros, making a total of 5780 sq. mtros was thus built 
in 150 working dav t a daily + rer go of 38.5 m2  of wall aeon. 
During the monsoon, peak firms varying from 3145 m3/ooc. to 4570 

pc scd over the built, but protected. diaphrcgm and sound" 
ings taken after receding of flood revealed that upstream apron 
had remained unaffectod whilo the do isttaam had l punch d to a 
depth of 1.5 metro only. The r idtb of the 1.3 m tick launching 
apron was kept 15 m on both oido . This arrongont.nt stood the 
monsoon floes without any dam s, whatoocuor, This UCS opt unique 
cchiavcaent oince there ware no poet records of ollou.tng £10025  

to Prima + vor c1LCplir r 

t th the r aeoo c over, sparations cyoro tgain rozi urdafter 
robuicng the coffordc and removal of launched  apron. The top 
tea cm of the built concrete cl,ephrcgm walla which rocs not orwu. o 
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a ouni conc roto. wen chipped oft, as provi c ed for in tho z pooi 'i-

cations, and furt'har raising of thQ ta1i and placing of the ctp 

gyros taken up a eonvontionol,. R.C. cork. Having completed thee, 

tho sand i-r tt-oon t'hz diaL,brgrr3u 	rcav roc' upto a cicptb of 

1.5 motre and - backft lcd t,vitb cornpcted i ozviouo clay before 

the plastic ci once eam nt t e built up. 

Tbf Plastic clay conaiotodcf clay having limits higher 

then 40% which '►era con)cct.ed around the cc ncroto d.taphrcgm tioL1a 

in 10-cm 1 eyore at mointuro contento , f, rn oYle tt cn Q. -i. c. The 
aecheni.cel coo3ition of a foci ocmp1c i s given in Tablo 5.3. 

S. 3 

Pl as tic clayused at Tenu9hat Darn 

$sd Silt Cl ay 	,Yid 	L DD 	L.L. 	P.L. 	'.1. 
1 • 572 	8.65 3415 16.2 1,12.2 	41.9 	18.95 22.5$ 

. 39,75 26.45 33.80 15,30 112.6 45.0 18.35 26.65 

3. 35.50 3880 25,70 15.8  112.2 47.0 18.30 28,70 

The coection of the plctic clay ineido the wall rocs echiev'cd 

manually and by ponuiaatic there till It r000 to th top of wall 

after which normal compaction by roller was done, For this pur- 

P030, light rollore of 3atonne ccz?ccity wore used and compation 

ochre ;.a of the ordor of JM a to 97Z. 

5.6. Groutirti of Sand irbotweon the Dicphre 

The reau.t3 of permeability tcst of sand inbati :on the c . 

phrcçjru , carried out before c-nu ei_-t.,~r 	t 
revoolod that from point of vlow of ro ucing porctocbility of Sand 

batmen 

 

the two diaphrcgno. th.t grouting tic-,, not very effective. 
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nut grouting of the sand did help In is rc ring the impervious-, 

ncaa of the aiaphrcgm wa1.1s along the joints and would further 

help in addingstructural stability firs the two diaphragms which 

with grouted s and inbetweon them would better resist unequal settle« 

nz is and di.. forontial prose ures. Initially, it was decided that 

the sand between the diaphragm should be grouted campietely in 

thcO rower the outer row with cement benton.ttc and control row 

with bentonito chemical. Later on, the scheme was changed, and 

grouttr was done only in two racy and that too with, cement bento* 

nits only, the outer row roar c o w3trcam di ephragm was given up. 

The grouting of the a arid bctwoen the. diephr rn was done 

with 3.15 cm (l-1/2"in) dia. tubes by' Scictoncho' metes. The 

ho os were drillod by driving casings inside which the tübo'a' 

manchotto rubber sheath opened at pr sures ranging from 9 / 

m2 to 111 /cm2 and fella down to 4 kg/cm2 at which grout.ing is 

being done. The: amount of grout has been restricted to a prefix-

ed quantity of 2.5 m3/dove, the idea being to grout 25% of the 

voids in the nand mass . A mix of cement+ 15% bentonito by weight 

of cement was used for both the rows. A mentioned earlier, the 

gr ttng o9 the sand in this area was not essential for reduction 

in pormeability but it tics dono to reduce the permeability to 

now extent c well as to cud to structural stability. The di0' 

phragms end cot#ination prarido permanent cutoff at Tcnughat. as 

also at the earlier construction of Obrn Dam. At Ukai Dam in 

Gujarat, the c~ighycm*€ wore only used eo cutoffs for pit cxcc 

vntton, and ine the c'i h:-~cre cpi trici uaxc.;ruatni and 

filling back u c done. This ratter a conservative capro h woo 

juatifiablo duo to the disostor potential of. and possible foil- 
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-ure for the large town of Surat situated dotee roc, 

5.7. Inspection and Tcs n 
~nYlY1~~gI1~1~~YY1.1.. 

As this typo of cutoff wal, had not been corotructcd prov 

iously In the country, except at Obra Dam which woe not tcotc d 

under ful reservoir hoed, the designers wished Lobo fully cao ur 

cd about ita offcctiv mass . There were some apprehensions about 

the watortightucas of Joints between the pals and bot ecn, the 

die rirjmv. wall and bo rode due to the following roosonc  

1) VhLlo trenching proceeds, rnd o :ctvatcd materials are purn-

od out, there remains a chance of some of the heavier materials 

remaining at the bottom of the trench. This further gets cggra 

vata4 due to some Possible minor saad►wall collpac at lower ele-

vations,, which may remain as n thin Sandwiched layer botweon the 

rock and the diaphragm concre . 

2) Since the diaphragm wall is built by flow of concrete through 

the trammic kept in the centre of the 6m panel, chances of sound 

concrete forming at the ends of the panel in the entire vertical 

length with the same density. as in the main, wall, was rather 

doubtful. 

3) % orot apprehension was about the jointing of the panels, par''  
.cularly at the bottom where there is ovory likelihood  likelihoOd of bottom 

s and collecting and forming into a smaller hecvo, which may ,form 

triangular t, ijo botw+con the two Azmolo. Hance, visual checking  
for the following crow considered neccaa cry € d accordingly done 

{a) Joints b'tL.ocn the panels 

(b) Joints with the bed rocks 

(o) noun 2nccc of concrete in the entire depth of wall. 
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S. 7 ,1. Panel Joints 

in or or to check the joints both,- m the two ric olc cnd the 

bad rock# cnd inspection chamber was constructed at the doi'V,-bLmk 

end (rig, 5.3) by constructing enothar crcca-dice h m upt:o bed 

rock. Thin gave a closed chcnor of 3 m 2r 2.' m, through which 

visual impaction of the entire depth of joints irthotw n two 

panels and joint of the concrete with the bedrock uaa carried 

out. The dcpt.h3 of the concrete wale at this location, below 

the bed level, was g metres trey 	at the time of inspcction, the 

water level on the upstream of the d aphreg n was 8 metros. tros . 	aim 

+st, this head of Water the top one intro did notrcvoal any aoo 

ago. ithatsoovor. Prom thinpoint to the bottom there was eoiro auactt 

ing only. The joint also poared fairly regular and tight with 

a thin bentonite film of about 33mm thickness firmly sticking 

with the wwai l . The concrete wall wee sound and eular. The 

joint with the bottom rock was also sound end tight with the 

concrete firmly  firmlt adhering to the rock. Two inclined holes intor' 

oopting the Joints wort also drilled. The joints wore intercepted 

botccn 7.5 m to S) r bol ow the top, The c oyco ro 'fod the join ► 

abutting tight 	inst each otter, soparatod by a thin film of 

bontonita, about 3 ►s m, Ln.. thickno .s only. 

5.7.2. Joints of the Dic'Thrcrtn with Bed Rock 

l xart fro a the visual inspection through the ins ection 

cliA...14bor, ~ 	 cRi`v13c U- t{re 	r.etLon Lrt= the bolt .-.i of 4!x•.3 

dic hrcgn, and bud rock end, the grout curtain below the aloe t ma 

h. m, ucz clocked by drilling ring 3.75 cm duel. tct" holce, 

0.3 metro doA,natroam of ups troa { di aphrcgm wail, at locations 

which htd takon larcjo intake of grout. These tw to have indicated 
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permeability of low than 2 iugeons except into 3 matr0 in 

two caaoa where it wont up to 7 lugeons. 

5.7.3. oundnea of Concrete 

Thy' nuh-bens of vertictil holes1 in addition to thoso indi- 

cated In 5.7.2 were drilled making a total of 59 rr t 	of cores 

drilling through the diaphragm, The avcrcgo core recovery in the 

inclined hole was 70,E while the core recovery in the vertical 

holes' varied from 90% 	100%, The test dotaila of concrete dia- 

p hrom~s are shown in i9. 5.3 . There wt no c g reg ation of ag e 

g atec, bonercoub or any s ignLficant intrusion of bontonito o7c' 

ceps that near a feu Joints, the well had to be rebuilt in a depth 

of 1.5 M. The density of concretes was found to be varying botwoon 

2.43 T/m3 àn! 2.45 T,✓rr~3. 

5.8. construction Cbsery tt ons 

there was no P 	over'icnce of this nature of work, ut" 

moat caution was token by both construction and qu€lit control 

wings of the prof act w A few observations  made during the con. tzuc-

tion are c scuscod below. 

5.8.1. At 0 few joints.- concrete In the panel was not found 

ecccptablo in a depth of 1.5 in and width of 1.25 m from the top. 

This wcs hog•,: vor removed and rebuilt without any difficulty. 

S-8.3. ZZ the roinforceinont c jo wi lowered into bontonito 

s.wy € d c ci t.:onch, there we a poc sibility of a thin film of 

bontonito ctic: .nj ithotw ecn the cc croto and roirorccrits, couo' 

Inng roc action in bond utr s . £ owcvcr, talon th3 top 60'cm of the 

wall wao chipc cl off, it vc found that concrete wwce ti rly stick',► 

Ing to the roinforcainont bars, and no via iblo bontonito film was 
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noticed. PouaiblQ reduction In bond stresses. tho mcgnitudo of 

which hs yet to be determined by adequate research, could be made 

good by incroasing bond area, through use of omollor-dtn. baro 

or twisted bar. 

5.8.3. - A thin film (3 rtm) of bentonite goto interposed in-

between the panel joints. Though the joints htvo been found to 

be watertight, the efficiency of the joints could be further jut" 

proved by forming keys between thorn and nubxcguently grouting. 

5.8, 4. To ensure a completely uetertight joint with the lad 

rack, the reverse circulation of Slurry end perfect sounding 

should be can ..nuod till 6.1 the loosened materials area romcrod. 

The joints should be properly grouted also. 

5.8.5. During CXcematiOn of send in the inspection chador., it 

was found that the bentonito penetrated 15 cm to 25 cm. The 'porno" 

tratton was more wherever there were gravels or pcbbl . This would 

curtail oubotnnticLlly the permeability of the sand in the elurxy" 

Oc.uratc8 zone. 

5.9. Precautions 

The construction of the concrete diephrera wall is fully 

mnchanioed, hcnco chances of defects era minimised; hot evor, 
the foil owing proccutions are needed. 

5.9.1. Mile trenching opera .on as going, the cLtf oronco 

•- _'-.~^~ 

 

the n .tarry lcvol and cub' coil wet©r loyal up hnpt at 

not lc s than 3 n. This wa found necessary any to prc cnt coil c 

ing of the trench. 

5.9.2. The donsity oC- the slurry was chocked constantly end 

C81TUL LIBRA" UCIIVERSITY Of ROORKEE 
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uc never 	oioa to drop baler, 1.2 In tho circulation and 

slurry tx~anch woo aluayo rejuvenated. 

5.9.3. Roinforcom nt cage wQ lotzared, after fully cloanincj 

the bed rock by revorao circulation of be oni4.to olurry. 

5.10. cast o€`thh t i vhrcgm 

The cost of the completed di&)hr , including laying and 

rcmaval of Protection trot s for 1907 monn eon flood dox~atorit 

to koop w tter table 3 m below Our :cco level. grcutinj of Band 

and grout curtain below upatreom diaphrc m trall orked out to 

Ro . 775 per it2. This was c 	ztted to be 5O5, lo or h n the  

poottie clay cutoff. 

S.11» Recent Adtaflcctu3nt in construction 

or the 1. oat to dacado the number of large earth and 

rockfUl dam ha increcsed shyly, a more challenging ao1u- 

bane wore adopted to hanlo aituotiono of inc wing diffi-

culty, Tim growing trend tcwarcbx the construction of thceo dano  

try obviously duo to the lock of other site with more tcvour ila 

geological conditions on the one hand. and to the czcnccent 

of cnoincering which Arouidod reliable colutions to problcrnz  

piroviouoly coni&rcd uneurmountablo, on the other. 

Deep do)onite of llwicl aoll in valloyc, ot1eruino nuitod 

:Co"- 	+ earth dan, precluded their use uo to 1 cei: of chill 

In p rcvidix j an offeetivo cocp go barrier. :iu;O- uo ti.~: 

of grouting technique quo d other 1ethedD, throe c L tea ore being 

grc ually dcvalop . Concrete cutoff woUc C irt)ervicuo barr' 

$or had boon wood earlier on alluvial dcpo Ltc but now it La 
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being used for cojp dcpo3its also ut rol ativoly moderate 4optt s . 
Thou recent construction of 65 in deep sir lcr'row concrete cutoff 
on 9j in high iig horn [241 onbankmnt dept (above sta r bed), io 
u new .andmark in this technique, At this a ito, th3 problem 
of removing deposit of uno uit o send atone 11 m long and 5 n 
deep had oleo to be solved. This was done by using an o losivc 
charge of 18 j. The e and atone tics broken up by two ouch c har 
gos and 8 atio fac toril y removed. 

At this site, the atthility of trench under such blast 
conditims has also been dernonstrcitod. It was observed during 
the blast carried out at 17"*m depth, t itt it ejected all the 
slurry from the tap 9 in of the panel and throws It upto 15 in 

into the eiz. The trench, however, remained open an 	stable; 
however, fah olurry w quickly introduced as a aeEoty mo sure. 
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chcstor a 
R!?OU•2ZUCE 0' ii' DIIt1.i2 

G.A. 	nara~.• 

so for th3 ooncr~rto c io hrcgtz used = poznrnnnt Cuto-Z£o 
unQQor c cW nt cli 3 ar £atr In num'oor mad in thu d ooa o r 
o(cquato por2or;'aonco recordo nay not bo conoi r orcd fu y dcpons ,' 

2o. For projoctC3 involvir4J conQicorcgu outlay on dicphrcrr 
or oici1r no i anci pcoicdi.aoca jo s, no opportunity ohoulc1 bo 
mioaca to attU ' thu baLiavle r of such ot. ctuvs by prcrvidLn 
irztr imts and a is .yainj thu r corUczi date. For otucSying thu 
bohcviour of concroto dirk hrcgra ua1lo, in&trwrntci aucri c.a pic' 
zomotor,  , a, opo Lndic to • Coo" c rrn in 	.0 ui..ion o ocr'bin+:d 

with hori ontax. rnrcmzmt dctricco. ouwCcco Outt , : nt pins, 

strove niotora end otrein =to= (~-huro -poWoibla) aro to be ins-

tr1lod and c oorca. Prccoont .y, taro Ouch c1 ;n, in which Concrete 
c icnt crm uua1 i a function c pormancnt cutoff era Sn oporotion 
In the country, i.e. ` onug heat Der► ( 33) end C' ra Dcni ( 34) in 'ihk ih 
Ccv:a of th3 	trnth hrd boon installed and obcnrvotiour 

0.2. . nu trwr . 2.-attton in ont:g1~o t onrm 
-iurir.rr nrw n.r.rr.+rorr 

 c o;  	 u ►:ginwore:.on he bear Cono In thu `ccnu'jhat c.c.a, 
to d),-•O..vc...,̀ ~v w.~ _,..4 '4• Q 	;~ +. 	Vatic onaa L.0 ij andt3fL~c. 

i 

cot CLZ?L4:. [J; ow tI:':, t_a , ctita S.a 2. C):1 X. '. .0 	 u:~i 1.t::. J .::.r ..._. 

1` i:u C .0 )1i 3t3 	 cat c c— j; u U': thJ  :  

z"~?cti.C~2 c 	zQ3u:voir Q C3..' ri.: Qa"2_J . 	C :1i:i1i o o thu ~. fi'r::4:i►:, ts~i i 
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G. 241. PiozOtt3t m tt  
u. S. L3.1 . pioror etoro, both foundation and erbcn ant typo, 

hcvo been provided at Savo sections in the darn at chciaxzgo 124.00, 

133.00, 160.00, 164.00 and 167.00. The terminal c, 1io hczo not 

been ooMletod oo for at Ch. 14.00 and 133.00 md oasarvationo 

are made at the terminal wells at Ch. 160.00 and 164.00, gip: ctt 

ivoly. 	There is no provision for a terminal wol . at Ch. 167.00 

and the tips of Ch. 17.00 hcva been connoctod to. the stand of 

terminal tr. U at Ch. 164.00. The 1ocatio o of these piozometer 

tips are a hown In Pig . 6.1. 	
0 

6. 2.2. S].22 ~.ndic otor 

This has boon in t .1od at Ch. 15&146. 5 penal L"7 of con -

orate diaphrixu in the left bent of the river to record 6ofloc 

tion of the cam under lateral loadings both before and after 

filling of the rosorvoir. Slope indicator is corrarativo1V a 

now device adopted in this project to 000uro ongular displ e" 

sent of concrete d .,.,3hrgn under lateral loadingo. 1briof doe" 

cription of the apparatus which Lo based on finding null Point 

in a bal ooc1 o1cctricl circuit, 	oncloocd in t .o and together' 

with a sot of obaorvationa taken on 21st July 1967 to record ini' 

tie deflection of the diochrc i from vertical plate. 

6. 2.3. Cr038 ciri combined with hori2ontal-wirc rant meo uro 

nzni: device hcvo ben ins tailed at two sect,ion but far away from 

ti:0 Z"* CL) h ,L—J;z [lid.2.V . 

6.2.4. 5otticx 3At pl atoo ♦ Th000 hLnra boon installed at differ` 
rant c;ioinegee and elevation as indicated below - 
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SOttlo. nt Plato Locations 

BQrm lcvc3 	 ChcdnCTca (odd) 

012.00 

072.00 

804.00 

062.00 

834.00 

137.00 

171.00 

129.00 

chainacjcD (oven) 
114.00 

116.00 

6.3. cbuor ation of Data 

	

h3 rccul ar obsorvattor of data in roapoot of all thcao 	*" 
tumont8 installed 'hro not been made. Hownver4 in cosec of plea*  pio-
ZQmOtQr tips (35) at section 164.06, data in case of nunber s of 

foundation tips both ups t am and dotinatroarn of tho diephrcms 

is availcbi.o. in co of piezoIu3tric tips of occt,i n 160.00 and 

167. 00, tho roadingsfor upstro am tips aro only oroil,ta which 

are not of much oirkn£ficanoo to study tho perfoimanco of the di 
phragm in absoncc of downs t.rocn tips data. he observations at 
Ch. 164.00 or taken regularly at daily into olo honor: for 
studying tho performance random data at monthly intofvalo hwro 
Icon ael tod ("Pablo 6.1) and studied. 

6.4. Pore Pressure 3t a 
~I.IIOIII~iII1q~A.1.I~1Y~4~.IIIM~.IY 

Porn p aura obsovstioxo from piczo3tor tips ccfOc►tod 
to tc~.....►~l w:j l u1 Ch. 164.00 rroro started £root July 1S74 and 
i r n than os=,axua rocox2s upto 	ch 1975 arc avail ebl©. ¶eho 
u)L acurc recorded by various foundation tips ore tabulated in 
r.'olo G.1 and co utations for wort ing hood, hoed lo30 duo to up* 
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Tab1 	G 	» Piozomatnrs Observations st T®n 	het Dam 

1natumntc. inwtnlled w VS8R Pieaometers 

Chino 	» 164,00 (Stn.: 5000,00 m) 

Dial elevation 751,10 	751.63 	752,17 	746.77 	747,31 747,86 748,39 

TO elevation 710,00 	710,00 	710,00 	710,00 	710,00 710,00 710,00 

Distance from dam axis 396.0" 	2371 »0" 	92,»0" 	77'»0" 	66'»0" 60'•0" 250'•0" 
d/o d/o 

Aate Li3tè 301 	302 303  304 305 	I 	06 3D 7bt Road } % Loss 	% Loss Tot 
orator Level I3ad loss duo Laos duo due to 	doe to % 1058 
Loyal I to of a to d/0 ole Val 	d/e 

Null Uall wall 
3 

7.7,70 744,40 732460 • A W 
• » » » » 

8,8,70 784,20 732,06 783.10 781,63 783.17 760,77 » » » • 

9,9,70 818,20 736,85  811,10 809,63 811,17 170,17 » 91,35 43,43 » » 

8,10,70 792450 735,15 780.10 781,63 792,11 762,71 . • 57,35 29,73 

9,11,70 789.90 734.01 785,10 785,63 789.19 759,71 732,31 732,85 	745,39 55,09 30,13 27.46 53,80 49,20 103.00 

10,12,70 792,95 734,20 789.10 785,63 792,17 761,77 725.31 723,85 	» 58.75 31,18 36.46 53.00 61,20 114,30 

11,1,71 793,65 733,65 789.10 787,63 793.17 761,77 728,31 724,85 	» 60,10 31,68 33,46 53,00 55475 108,75 

11,2,11 196,95 73440 790,10 789,b3 796,17 763,17 727,31 727,65 62,55 33,18 36,46 53,00 58,40 111,40 

12,3.71 797,20 734,20 190.10 789,63 796.17 763,77 729,31 1129,81 	» 63,  ,4d 08 64,70 107.78 

11,4,71 792.70 733,40 790,10 788,63 791,17 761.77 733.31 732,89 	- 59,30 30,93 28,46 53,20 48,18 101,38 

10,5,71 790,40 134,35 790,10 786.63 789.17 760,77 733,31 735,85 56,05 29,63 27,46 52,80 48,90 101,70 

60,6,71 780,35 734,46 781.10 780,63 781,17 758.77 731,31 734,85 	» 46,87 21,58 17,46 46,00 37.30 93,30 

12.7,71 807,00 134,72 195.10 195,63 799,17 762.17 738,31 127,85 72,28 44.23 24,46 61,30 33.95 95.25 

14.8.71 843,65 736,40 841,10 840,63 842,17 795,77 731,31 734,85 107,25 47,88 58,46 44.60 54,40 99,00 

7,9,71 843,15 735,65 843,10 842,63 843.17 797,77 737,31 728,85 	• 107,50 95.38 60.46 42,255 56,24 98,45 

10,10,71 	779,00 734,00 776,10 790,63 777,17 762,77 736,31 732,85 	• 45,00 16,23 26.40 36,60 58,85 95,45 

10,11,11 	172,20 13245 773,10 779,63 774,17 755,77 73531 735,C 	u 39,75 16.43 20,46 41,50 551,60 92,10 

11,12.71 778,10 732,35 773.10 777,63 177,17 755,77 736.31 728,85 	Q 45.75 22.33 19,46 48,80 41,00 89,80 

(continued) 



Tablo 6.1 • Continued 

Vf 8 

1 2 3 J 4 $ 6 LijIL  8 9 16 
 

10 1Z 12 Jj3 14 15 

11,1,72 785.05 732.45 781,10 782.63 784,17 758,97 743.31 735,80 • 52,60 26,08 15.66 49,40 29,80 79,20 

10,2.72 791,28 732.60 787,10 789,63 792,17 760,77 738,31 734,89 • 58,68 30,51 22.46 51,25 33.35 04.60 

8,3,72 794.36 732.65 178,10 792,60 794.17 763,77  740.31 729,85 • 61.71 31,12 23,46 50,40 38,00 88,40 

9,4,72 794,95 730.70 790,10 793.63 794.17 763,77 740.31 731,85 • 6425 31.18 23.46 48.5 36,55 85,05 

10,5,72 794,60 732.65 790,10 792,63 794,17 761,77 740.31 732,85 • 61,96 32,83 21,46 55,20 34.70 87,90 

9,6,72 792,90 732,90 789.10 791.63 792,17 758.77 737,31 727,85 1 60.00 34,13 21,46 56.75 35,80 92,75 

14,7,72 795.30 732.40 786,10 794.03 797.17 766,17 746,31 742,85 ° 62,90 29,13 19.86 46,40 31,60 77.00 

12,8,72 832,60 732,,60 824.00 823,63 824,17 776.77 737.31 729,86 « 108,40 61,43 39,46 56,65 36,40 93,05 

14, 9.72 846.20 733.06 820,10 845,63 805,17 778,77 742,31 739,8 113.14 67.43 36.46 59,60 32,30 91.80 

10,10,72 843,85 731.00 809.10 842,63 780,17 803.77 736.31 736.85 • 112,85 40,08 67,46 35,50 59,75 95,25 

9,11.72 838,20 729.80 808,10 837.63 769,17 606,17 738,31 738,85 • 108,40 31.43 68,46 29,00 63.25 92.25 

10.12.72 839,60 727,55 826410 837,63 839,17 806,77 738,31 739,85 112,05 32,83 68,46 29.3 61.00 90.30 

8,1,73 839,85 726.06 825,10 838,63 839,17 808,77 738,31 738,85 • 113,79 31,08 70.46 27.20 62,00 89,00 

11.2.73 840,75 724,90 825,10 840,63 840,17 811,77 739.50 739,85 • 115,83 28.98 72,27 25.10 62.40 87,50 

10.3.73 840,55 724,68 826,10 840,63 840.17 811,17 739.31 723,85 115,67 28,78 72.46 25,10 62.40 87,50 

14A,73 840,20 724,28 825,10 837,63 837,17 823,77 75.37 734,85 • 115.92 16.43 88,40 14.2 76,40 90,60 

11,5,73 839,21 723.70 825.10 836,63 836,17 812,77 736.31 736,85 115,50 26.43 76,46 22,95 66,25 89,20 

10, 6.73 823,00 724.65 814,10 822,63 822,17 604,77 73431 734,85 98,35 18,23 70,43 18.58 1,50 90,08 

9.7,73 829,09 729,58 815,10 826+63 827,17 806,77 734.31 735,85 * 103,51 22.32 72,46 21.60 70,00 91.60 

10,8,13 842.43 730,08 826,10 839,63 838,17 816,77 733.31 733485 • 112.37 25,60 83,46 22,85 74.25  97,10 

11,9,73 840,15 732,30 826,10 838,63 838,17 818,77 746,31 736,85 • 107.85 21.38 82,46 19,85 76,50 96,35 

13.10,73 855.80 736.90 837.10 853,63 853,17 827.17 738,31 731,85 • 118,90 28,63 88,86 24.00 74.75 98,75 

12,11, 73 840,90 731.60 825.10 839,63 840.17 021,77 134,31 733,85 • 109.30 19,13 07,46 17,50 79,80 97,30 

9.12.73 841,45 730,72 825,10 838,63 840,17 122,77 736.31 735,85 • 110,73 18,60 06,46 16,90 77.20 94.10 

9.1.74 842,10 730,42 828,10 841,63 841,17 029,91 736.31 735,85 • 111,60 12,19 93,60 10,92 84.00 94,92 

10,2,74 840,80 726.10 827,10 838,63 840,17 828,77 ' 736,31 730,35 • 114.70 12,03 92.46 10,80 79,50 90,00 

(continued) 



Table 6.1 - continued 

 { 2 7 
11.3,7 	840,70 725.72 826,10 839,53 838,17 822,77 737,31 726,85 	114,98 17.93 85.45 15,60 74,30 09,90 

8,4j4 840,15 725,16 826,10 836.63 07,17 819,77 737.31 724,85 	- 114,99 20,38 82.46 17,73 71,60 89,35 

11,5,74 835,40 723.85 822,10 834,63 934,17 819,77 737,17 731.85 	• 111,65 15.63 82,1 14.07 74.00 85.07 

12,6,74 826,35 726,50 818,10 824,63 824,11 815,77 738.31 737,85 	• 100,79 1o,58 77.46 10,56 77,50 88,06 

9,7,94 823.45 725,58 818,10 820,63 820.17 813,77 737,31 734,86 	, 97.87 9.68 76.46 10,20 78,25 88,46 

17,8,74 849.45 731,32 826,10 843.67 844,17 825.77 742.31 721,86 	• 118,13 23.68 82,46 20,05 70.70 90.75 

21, 9,74 845.00 132.30 827.10 841,63 842.17 824,77 735.31 721.85 	• 112.70 20.23 89,46 18,00 79.50 97,50 

12,10,74 843,85 734,68 erratic 822,63 838,17 822,77 737.31 735,86 	• 109.17 21.08 85.46 19,36 78,25 97,60 

8,11,74 843,10 731,34 erratic 820,63 835,17 819,77 735.31 735,85 	- 111.76 23,33 84,46 20.90 75.50 96.0 

12,12.74 84235 730.65 erratic 835,63 840,17 824,77 733.31 736,85 	- 111.70 17.58 91.46 15,90 81,75 97,66 

9,1175 842,10 730,18 erratic 839,63 840,17 821,71 733,31 720,85 	« 111,92 20,33 88,46 88,16 79,00 07,,15 

122,75 842,05 727,12 erratic 841,63 840,17 822.77 133,31 722,85 	w 114,93 9,28 89.4 16,80 17,80 94.60 

16,3,16 842,00 726,95 erratic 841,63 840,17 819.77 731,31 726,85 	« 115,06 22,23 88,46 19,35 77,00 96.35 
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-otxoci cor rofia dicphr c2 wall rocordcd by pioEo=tor tip no. 
30t inbot on tho two roes of tho cons roto di ephrCm ally ♦ hoed 

loon duo to tho drt notroom pLozorn toZ 1Ocatod about 3 m dot,n3troam 

of dot- notre+r iaphrcjm and tho % herd loss by tho t' o di.ophrag 
and tho tot a loos. 	'om Vla 6.1 it is obmorvod that tho 
totol ;iced dic.nipofi ion dui to tho coined two rows to minUmm 
77% and r a in 	114. 	(Tho observed vatuc o nbaro 1O€ ; moy be 
c uo to rTusuro=,nt error and/or tuna lcj in thocdjuatm3nt of 
poreprcsauro in Ecoponz3o to hcadwat'oo awl toi1tiotor vczziations. ) 
The po prcoQuro dissipation duo to upetrooz concZato di ohrc im 
uoU varios from 10. 2; to 61,5 and that dug to downotroam concroto 
diaphragm wall, from 29% to 84%. A plot of all the o pore prcl► 
ruin rocordod by the pLezornztoro. Id1koator of cation and taU-
w for loyal. as ordinato and tiro o abscissa has boon made (F f g . 
6.2) which prosonte a pictorial view of prosauro distrubution 
through the poivious foundation upstream and dounat 	of co' 
crate di+ hregm t:olla . 

prom rig. 6.2. it 10 cboo_rvod that thi ptozomoter tips no. 
303. which is located about 3 m upstream of the upstream concrete 
8i +hr 	m wall rocords about 1 rttro loss hard than the zoo orvois 
and the nature of the fluctuations racordod by this tip D aims 
btu to that of la)cwatcr elevation. At brats. ouch co ticrcrbor 
1971. July 1972. than tip records oitghUy higher pore proacuro 
than tho reaczvoir loyal which Doom abnormal but It may be duo 
to the rise in reservoir level prior to the dG o of rocordinj. 

"ho piczo n for tip no. 304 zcorca.nj the pore prcouro bot9 

r:ion the two rot; , the curve is a1r,=t identical to the rnrvoir 

bowl and prcour Clau pat.ion sunny the conotruct .on utocjo row 

eorc2od are hicjh 3r then in the latter poziod when the rcoorvoir 



4(f 	Nx'1 1 

~~ al 

• 

15 	L~ 

i  } 
{ 

lr 	
lY {` i 	t 

li 	-0 

q  r  p J  w  G 
11  

1 1 

in 



C5 

2.oval is cilmost ctctionary curing major pU-rio1 of the year ohoS-
inj only a :cu I:icl.o . Th3 prccsuro dissipation shown is lot.s - t 
(uric 	1y 1974 ond hicj t duringSopton or 1972, since 'thou 
the rc3orvoir romainc, stationary for larger part of the year. 

The piozornetor tips no. 3O, which is about 2 m dowx trocm 

of downstream concrete wall records almost constant lcvol, and 

most of the tiro recording higher pore pressure than the tail water 

c cept in the beginning upto try 1971 and during sc armor 1971. 

The curve shown many kicks chorea to..lwator rating is nearly 
o c traig ht line. 

Zart .from the above plot# a plot of porn-pressure variation 

of different tips as ordinate and their horizontal location as 

absciac (P49. 6.3a, b, c) for different antes and years had boon 

ncxo, which shows cloy the pressure diasipot i on thresh the 

d4 gkragm, in this plot, reservoir level cd tailwater lovol have 
also been shown. Those curves for different dates ore similar 

In nature. 

Plots of poro presauro d ipatior. (rig. 6.4) through the 

Ups tro za concrete di chrcgm tz .l. and downs troeu cone rote die► 

Thr 	all as orci .nato and time c cbscicco and ;S p arc presouro 

1tou'Lpution of the cc mince two roc* £ ordinate and time c cb-
ccicco h.-vo be :n ma10 which a how the Cffactiveness of the two rob-. 

cccrctaiy and the &bined affect of the cutoff. The coerce 0, 

po c pr.oecuro dissipation of the cc t btnod oyotc in c o*at 9O,' 
and C u r? rrt c or a intervals it is more then .00 ; w .c h i0 duo to 

c: 	sr than the t t-actor level by tip no. 

3O3. ze ntioncd cantor this could be duo to tranI) r nt 	ju' 

tiorii. hero In no trend for reduction in % her- lose c or the 
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period of olasozvotion Q nearly 4 yocro. This nhot si that over 

this period thorn he boon no loss of efficiency of the cutoff 
either duo to cracking of the diaphragm walls or duo to loss of 

gollification of the grouted sand botr on the two cutoffs. 

6.5.  Stctura1 Performance of Diaphr m 

The thin diaphragm wall was 1.ikoly to tot tiltod duo to 
differential pressures in the oliuvium on the to sides of the 

wall. The slope indicator (USSR-type) installed in the left 

bank at Ch. 158+06.5 panel L'7 shows an initial tilt of 0°-3O' 

at a depth 13 i (42.5 ft initial readings) shown in Table 6.3. 

After about a year when the damfi 1, had been raised to a 

height abc ro the top of the diaphragm* readings wore 	in 

token. This has indicated a tilt of 1/100 seconds at the top 

of the diaphragm wall and 1/1000 seconds at a depth of 7 m. 

This a hoe that the ciephrcgrss are structurally sound. 

6. i. 

 

!!!P° C orvationo 

Relief wells hQro been provided in the darn ihich do not 

record any discharge so far. The surf coo downstream of the dai 
in the river section is completely dry which also confirms the 

effoctivon as of the diaphragm as permanent cutoff. 

i.7. Porforrzmco of Carp Darn Diuphrajm all 

C'i'c .O ..,i3  cuv o{si in the river auction where the 

alluvium to also of similar char octoristics. Porooprc ssuro ob-
corvritions through foundation tips (T ablo G. 2) have boon rcco 
od oinco October 1970. A Plot of pore Prosourca observed by 
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dif 'oront tips has be 3n made (Fig.  6.5) with Um as absci# a a 

and pressure an ordinate, which shows pressure variations 'through 
the foundation. tips. In the beginning these readings chow coma 
erratic behaviour but since pri1 1970 the pressure readings are 
nearly otondy. in case of tip no. 9, which to j ust dotins troom 
of the d/n diaphrgrn wall, a few readings ero erratic upto Novem 
boz 1970, after that all the tips shows similar pressure  dissi- 
pation as in coso of Tonughat Dem. The pressure dissipation 
through the diaphragm cutoff as indicated by the tips h52 atobi-
iiood and is consistent. 

,pother plot (fig. 6. 6a, b) has been made showing pressure 
recc rding of all the foundation tips on a particular date Simi" 

lar to rig . 6.3 for Tenugh it Darn. These indicato substantial 
pressure dissipation. The % pere»wuter dissipation could not 
be computed in absonce of tailwater level. 

The obaoz'vations of the only two existing dam in our coun-
in which. concrete diaphragrzi walls have boon pro idc4 an por-

manent cutoffs# indicate the performance of the cutoff is fully 
S utiSfactory. 
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llope Indicator 
~I~rrrr urr~~rrrrllri ~rl~ riP An• 

(Pvailablo from slops-  Indicator Co.. Seattle, t ashington, U.S. A.) 

Ganoral Dcscription 
+~wrrrr•i'rrrlYrrrr•r 1r rrri r'niri n■ 

slopeindicator measures slide movements, displace ants 

within earth dam, bending of sheet pile bulkheads and other types 

of lateral earth movemenfia. instrument is waterproof. 

The Instrument is normally la rod do~in on a rided alumin-

ium or grooved plastic cazincj, the grooves controlling the orien

tation of the instrument in a predet,orrnino8 direction. Incl .n- 

€~tion readings are taken at frequent intervals of depth and are  

subsequently converted into displacements. Consecutive readings 

at the came dcpthintervala at periodic intervals of time are used 

to determine depth and rate of ground movement. 

The spacial groove a casings plastic or aluminium, can be 

installed In 4. min,' or .larger borings, or It may be built up 

with the enlbcnkm3ntc of earth des or even epos ie to the f too 

of sheet piling or boaz, The plestic c ing is avail.abla in 

5"ft long the and the aluminium c te ing is ail able in aithaa 5-ft 

or 1o" ft lengths. 

Sans itivity = 1/1000, i.e. as littlo on 3j inutoa t con 

can be detected, i.e.  a l ate r€ l displ ecament of I in. 

in 100'ft dcpth can be noted. 

t,*;tuall r, displacement in thin shear zonoo of lees than 

1/.G in. has boon detected outlier. 

The instrument is so designed that the inclibation by tho 

plena 4efinac1 by the four gui uo 'uheolo in directly proporionol 

to the potentiometer dial rocxUng zhon the circuit to in b al Inca . 



p ) i4 

The slope indicator measures the inclination of the cr_sing 
in an observation w 111 at frequent intervals of depth. cao sot 
of readings in token in one groove and additional cot in taken 
in the groove on the opposite wall of the cc ing. The inntru 
rnent is od j uo ted no that the inclination of the casing from the 
vertical may be computed by the following equation » 

tan i 

where, Dn  = dial rending in northerly groove. 
Ds  cl ciL of rooming in southerly groo ro, 

1000 for aorio 200 ins trument 
a 2000 for sories 200'B instrument 
= 3600 for series 100 instrument. 

cotcLu tas (On the basis of Table 6.3) 
(i) At depth 42.5 ft. 

tan 	nom-- 2K 	26 T 	9/1000 = 0.009 

Hance i •a* 011 30' (This gives initial, position of the sloe 
indicator (tube) fixed in upstream concrete disphrogm. 

(ii) At other deptt , inclincation of tuba can be similarly 
calculated. 

(iii) r arkod increase in worked out difference at Si. 7. 13. 
19. 22 indicato joints, whore tuba piccee hcva boon coupled to 
gather, not being in one plumb, caront1y. 

Table 6.3 .. 
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Chzptor 7 
C 0 N C L V SI OI S 

cx the batLs of the study of the foregoing chapters, follow-
Lnc conclusions are dorivcd 

(i)The concrete diaphragm wall provided in Tonughat Dom no 
permanent cutoff is effective and working satisfactorily. 

(ii) The upLtroan concrete diaphragm wall is not ao effective 

as the dot,nstrecm concrotc diaphrcg:n trail. This might be 

due to Iealcago through the joints botweon bed rock and 

the d aphragm wail or between panel joints. 

(iii) A dQub . a tT of diaphragm with cross %falls an sand in 

between grouted1 is structurally sound and more dependable 

than single diaphragm. 

(iv) The floods mien be allowed to pass over built-in diaphragm 

wall -wit i suitable protective mz suzas leering to possible 

reduction in the construction period . by one yoa as had 

been achieved In the Tonughat Dzm Project. 

(v) The cost of the cormpiotod diaphragm walls including laying 
and removal of protections, Qawatoring, grouting of sand in 
between the walls and grout curtain bolow tho upstream wo l 

marks out to be Rs . 778 (33) per sq. metro in the period 

which is about 50% lower than the conventional open trench 

cutoff, in the some period. 

R~.conEnondutionçJ 

Dee ijn of corns on looso porvious stratum presents many prob- 

1 ciue. in case when adequate equipment to dredge out the iaoso 

matcrt .a is available, the impervious zone can be tnl=n dot= to 



bad roc3 . Ho ,vor, when the coat bocomO prohibitivo for pro-
vision of an opon tronch, alternative cites ro searched. Thin 
may bo the reason why so few dome have been constructed so far' 
on not-too danzesand. In such cascn, the concroto diaphragm 
va~,1s may prove to be economical by the methods described in 
Chapter 4. These methods a o patent and there is scope of deve-
loping now indigenous technique which would further reduce the 
diaphragm coati . one such tee 	 by hni 

	

c 	Y jotting has been detolop 
oc 4 he Control Building Research Institute, Roor2te , which Is 
suitable for sand strata and for odornto depths of upto about 
10 - 12 m. The technique hcs boon successfully adoptod in cons^ 
truc .ng three syphons in sar a Sahayek Paz'iyojona in Uttar Prar-
desh and work on two more syphons is in progress on the saute 
project. 

zn developod countries whoro most of the sites with rook 
foundation have already been ut .uiced. sites with porviou+s found-
ation. wiU have to be increasingly taken up. Therefore, it Is 
recomn ndcd to adc t this technique w cutoff. The x coo nd-
ationn are 
1) If a diaphragm cutoff is adopted, n double row of diaphragm 

wallo should be adopted as it will be more re.ii ►le. 

2) J equato irmtzunentation should be provictod to hcv suffi-

cicnt performance data which will raise the confidence for 

the future Projects. 

3) The performance at Tenug hat. Cra and during execution at 

U:.r+ (S8, 39] show the watortightxkc oo of the c ihragii. ;'ho 

moesurOm3nts also indicate no loss o offocuvonco with 

time. Thw, diaphragm ohould be used c permanent cu o2fo, 



and in the light of present experience the decision to use 
them as te-porary cutofie only for excavation of open trench 
seems aver-conservative. 

4) The construction of the diaphragms has not prestinted any 
serious problemsat any Indian aito. This io in'contra st 

to grouting of alluvial dep its. which paved costly as 
well as troublesome at Gi me Darn in Maharashtra (40). 

5) 
 

To con are cost and performance slurry trenching with fill- 
back of soil material should be taken up on a suitable prow 
sect. 
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kxtrcct Rcport on collection of data of post oartbquoko 
occurrences in the area around TOn*ZcJbat Dam alto, Dist-
rict azaribegh (Bihar). and the seismicity of the region. 

by 

Dr. Jot Krishna & Dr. L. S. Sri ez va 

3, 00, Data from past earthquakes in the various rift zones 

of the peninsular shield has aho n that the maxim= I1.f1. In" 

tonoity hcs varied from VII to VIII . Thus on t3. M. Intono ity 

of VII could be anticipated to occur in the rcgton, and a 

higher M. t I. Intonsity VIII could be o sected in immediate vici-

nity of the cctivo faults or shear zone (within a distance of 

about 10 km on either side of the faults assuming the depth  

of focus at about 20 km). Thus In order to take adoquato 

safeguards in the design and construction of important QttUC 

tures. it is roc = . ndod that a dynamic analysis should bo 

carried out to check if tho designs of structures prepared on 

the basis of the Code would uith3t d the strong ground motion 

of the typo of the i(oyna oarthquo3z, auitc.blo scaled dour for 

various £•4. ti. intensitice. 

3.01. z.3 ^one hcit Don site lies very near to the bonding f acts. to 

of the Gondivana basin of the Damodar rift. It is roco mended 

that dynamic analysis be carried out tocheck if the Tonughat 

cc (i'ar~h dam as t o13. as the concrete sp 1woy section) will 

withstand the strong motion Cs rcco d durinn 	^ ° Cr 12., 

1967 i(oyna eckrthquolo, 

4.40. As' the goolojy end toctonico of the Chotonocjpur Plateau 

has not boon studied in groat detail, it is not possible to do 

linseta the various active fult and shear soneo. In ardor to 
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have 0r boner o o e of the carthqualce occurrence in the 
region, it is r000mm3nded that. the Geological Suzvoy of India 
be ailed to prepare a tectnoic map of the Choton€cjpur Platou on 
a scale of 1:233.400 tl ifta4 miles), It t,u1d also be cwofuk. 
for future dcvolopr nt of the ualloye in this plotoau that a not-
work of sotomologica 1. obsoa vatoriw be estliQhed t with sensitive 
soiomographn and ccco].orcgrcph to dom€rcato the active bolts and 
assess their seismic potentialities. 

4.01. I t is recommended that in this network of a oio mol og iczl 
observatories for the Damodar Valley in Chotanogpur Plateau, the 
main observatories be establtahed at enughat Darn site and oub F 
diary observatories be es blishod at Plamau. Lohardcgn, Ranchi* 
Ra2arib h, +Giri h. Jams 	u:i XQdaxma, Gaya snd 1bnghyr and 
ins t u nts be installed as per Recommendation for Seismic Instru« 
montattons for River Valley Pro,jnot4 (1s496744968) of the Indian 
standards ins  Institution. Studios of micro tremors at various cites 
along major Bite and cheer zone uzing sensitive aoismographs 
ore 0150 rocom ndt . 

4.02. Data obtainedfrom the aba ro studios end installation of 
observatories, will help in a bettor assessment of the cntsmietty 
of the oroaaround the whole Chotanegpur Platonu and locd to more 
Officiont designs of structures to resist future amTigusk.ee in 
the region. 
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