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Construction of an earth dam.. at Pansbot (28 allot away 
from Poona City of Maharashtra State) across river Ambi, a tributary 

of Mtha Rivers to store 7200 Heft of water was started in the year 

198?, !t was practically completed by 20th June 1941 but 4 few items 

such as conorettng the bed of the conduit, Installation of koteting 

equipment for the service dates, construction of an approach bridge 
to the outlet tower and some quantum of eartL. hark over the t~rraporary 

waste weir portion remained to be completed due to vary heavy at$ sly 
break of monsoon on 20th 3unr~. The continuous rain frog 20th Jui 
had resulted in rapid rise in the lake level and within a very short 
period the lake got filled and the spillway started functioning on 

loth July. Leakage in the downstream too was sifluttaneously noticed 

as also subsidence in the upstream casing which could not be 

controlled inspite of all possible efforts and the dam finally 
branched on the morning of 12th July. 

The Part t of the dissertation deals with tb analysis of 

the circumstances and the causes of failure of the Panshet Dam. 

Renovation of the panshet Dam was undertaken in the year 

1964 and the dam is now practically complete. The part i1 of the 
dissertation duals with the analysis of the various possible 

layouts utilizing the undamaged part of the embankment on the right 

flank and the details of the final schema adopted and its sequence 
of construction. 
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CHAPTER - I 

►►► 

1~ 	A nasonry dam 10`7 feet highvac constructed in tha year 

1877D across river MutbaD a tributary of the Bbina River ihtcb 

in turn is a tributary of Erinhna Rivera Tho small storage of 
3092 T1cft available at the 8hadaaola Dam was oubooquontly found 
inadoquato to moot tbo acquirements of Irrigation, Tho water apply 

mods of ttn Poona City and the Cantonment wao incroaotnj day by day 
and tkio Government of Maharashtra decidedto undort&o a nob 

Kbadakvaola Project enViBagIng 1 

(i) 	Construction of an earth dam at Panshot across 

river Ambit a tributary of futha to store 78©0 

Heft of watoro 
(,1i) 	Construction of an earth dam at Warasgaon across 

river flow, a tributary of Mutbag to store 

9804 flat t of water, 

(111) 	trongthonin of the oxistin IIbadakt aoia Dana 
(iv) 	Duttablo canal, systcm to cant the roquirowonto of 

water supply for tb3 greater Poona and to provido 

poronnial Irrigation to fl  000 acres of land in 

Poona and Dhond T&~ fto, 

is there was no approach road either to PflShot or to 

tlaraogaonfl the approach road to the existing don at Ibc 	asla on 
tho right flank of the Mutha River teas extended to the Panaho t Dri 

sito6 On Ito complotion9 tho construction of tho Panabot Dow gran 

started in the year 196'?. By the middlo of June 1001 the wort had 
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been practically completed but for the full dam section in the 
temporary waste weir cut and some works to the Irrigation outlet. 

3, 	Due to very heavy and untimely beak of monsoon on 20th 

June 19619  there as very rapid rise in the lake level, and the 
spillway started operating from 3.0th July, The lake level, 
continued to rise and the dam breach on 12th July 1963. at a 
reservoir level of *067.5, 

d.6 	Government of Maharashtra appointed a commission of 
enquiry for going into the causes of. the failures They also 
subsequently appointed another committee to recommend the most 
suitable plan for the development Of the water resources of Mutha 
Valley, The reconstruction of Bfansbet Dam was taken up In the 
year 1954 utter reports of both the committees had been iecejved 
and decision for its renovation bad been taken. 

dt 	The dissertation deals with analysis of the causes of 
failure and the scheme of renovation of the Panshet Dom. The  
dissertation has been divided into two partst- 

Part Z deals with the Analysis of Failure and Part It 
with the reconstruction scheme under the following headingss- 

(1) 	Inception of the project 
(ii) General features of the scheme 

Construction 
(iii) Progrcmme and its achievement 
(iv) Course of events leading to failure 
(v) Commission of enquiry and model studies 
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(VO 	Various theories about the cause , of failure 

(wit) Findings of the commission 

PAU 	.R,Qç9nBt  u.,OUSn- § beme 
(t) 	Study of alternative se eniae of reconstruction 

(i1) 	retailed features of reconstruction acbe e 
(a) Earth Dam 

(b) Masonry Dam & Divide Wall 

(c) spillway,  
(iii) Construction Details 

6 	The reconetructton worics aria practical r over and the 

dam stored 9200 Heft of water during this season too* l9?l»?2, 
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The eastern parts of the Poona District receive small 
amount of rainfall and even that is not uniformly distributed 
throughout the monsoon. The eastern part comprises of the Talukas 
of Eaavelt, Bhtmthadi, Dhond and tndapur,, The uncertain and 
scanty condition of rainfall inn' this area has been the cause Of 

frequent failures of crops and of much suffering and distress 
among the people. 'r 1863..64 an unusually wevere draught produced 
groat dtatress just falling short of famine c* ditions which made 
the 0overoment to realize the urgency of protecting the District 
by providing irrigation facilities* 

1.2. The problem of planntng the most suitable project was 
entrusted to Colonel fifes  whe proposed the following sc2 l- 

(1) to construct , masonry dam 107 test (32.61 m) high 
at Kho4ak/a$U (about 12 Bill$e (19.2 kiloaetros) 
above Poona City) holdtog a storage of 3092 Melt 

(8!„81 z 1Od  cu,a) 
(it) to provide a right bank canal 70 mtlaa (112 km) long 

with a oapaci ty of 41.2 ousocs (11.70 cta eos) 
at its bead 

(1i1) to provide a left bank canal 18 miles (28,8 k) 
cuss as 

long with a capacity of 38.5L(1.09 cumacs) 
at its head 

The project on the above lines was sanctioned by the 
4overniont of India in 186 and %he above works ea M into 
operation in l8775. 
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1.3. The small storage provided by the dam at Hhadait rile was 
soon after found inadequate to nest the requirements of irritation. 
The water supply needs of the growing city of Poona and CantonUnts 
Of Poona and Kirksr wore also rapidly increasing. to view of this 
shortage and for protecting the tndapur Taluka from t'azinsq 
creation of additional , storages upstream of KGhadakvasla Dam were 
considered necessary and investigation work was taken up. The 
catck lent area of the liutha River at Xbodak vasla is 196 sq.atl ss 
(5o94 hsotarss) yielding an average runoff of 47,412 Kaft 
(1346.5 z 10 ou.m) annually. The valley affords an excellent site 
for a high dam downstream of the existing Khada rrsa ► dais. Mr. Reels 
therefor*#  proposed the following sche*e in the year 1909z 

U) to provide a storage of 229,000Matt (624.8 z 10 d  cu.m) 
by a new dam at bhadakwas'la, 100 feet high (48.? a) 

(it) to widen the existing canal upto ails 13 (20.8 ka) 
to carry a discharge of 1000 cusses as (28.3 curs cs) , & 

(iii) to tak oft a new canal from mile 13 (20.6 ka) for 
rndapur Area. 

The sohese could command an area of 39,40,000 acres 
(19369000 hectares) of which 1,26,780 acres (40,712 hectares) 
could be irrigated annually. No further progress on the proposal 
could be sad* due to financial stringency caused by World War r. 
1.4. The investigation of the project was reviewed in the year 
1919 and the following dares alternative proposals were considered:.. 

(1) Raising the existing dam at Kbadakwasla 
(it) Constructing an oltogithsr separate dam downstream 

of the present dam at Lhadakwasla 
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(iii)  Constructing two masonry dams at Pansbet and Warasgaon 
upstream of Xbadakwraslla 

1, 5. The first proposal involving raising of the existing dam was 
rejected, dui tot-* 

(a) the problems tnvolvsd in making the old and the now 
masonry sections structurally monolithic 

(b) ,risk to the stability of the existing dam While deeper 
foundations (as Indicated by drill logs) for the 
extension wear being excavated. 

(a) danger to the zisting dam by blasting required for 
foundation excavation for the now work# 

(d) danger to the safety of the existing dam by the 
removal of earth berms (provided on the downstream' 
fags for the safety of the existing dam) for 
foundation excavation for the extension. 

(s) as no risk to the safety of the existing dam could 
be run due to the vital Importance of the dam for 
doaesttc water supply to the town of Poona 

1,5.2. The proposal for constructing two masonry dams at Pansbct 
and Warasgaon was not found to compare favourably with an 
enlarged storage by a now dam at fb►adakras3a. Ultimately, therefore, 
the proposal for constructing a now masonry dam about 200 fist 
(&.96 8) downstream of the present strum tome. at 	►dakvasla to 
store 15,000 Haft (42e x 106  cu..a) of water was framed and 
submitted to the Central Water & Power Commission in October 1954. 
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1. 6. It was suggested by Dr. 1.1. Rao , the then Member (D & a) 
Control Water & Power Coritssion, that the possibilities of construct 
«ping two earthen dams, one at Pansb.t and another at Warasguon may 
be lnveatigated+ And accordingly necessary investigations were made 
egad rough cost estimates prepared (See Appendix I) which indicated 
that the alternative suggested was economical and feasible. The 

also 
proposalbad the advantage of permitting phased construction of 
7504 Koft (213 z 106  au.m) storage at a tires► and making part 
benefits available (on completion of one + 	such earlier i.v. by 
the end of the Second Five Year Plan*  

1,9• The project finally approved provid.ds" 
(1) Construction of two earthen dais at panabet and 

Warasgaon to Impound '7000 Matt (216 z 106  cu) each 
(11) Release of waters from upper days into Kbadal wasla lake 
(iii) Construction of a new canal otttaking from Kbadakwasla 

of capacity 1100 cusses (31,24 ou }as ing after 

remodelling as such of the old cans as possible. 
(iv) Strengthening of the existing 1hadakvasla Dann, 

An Index plan showing the abov-e proposal is enclosed 
as Drawing No„1. 
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CHAPTER - 3 

The beadvorks of the paarisbat Dam can be broadly grouped 
into three categories viz. 

U) Earth Dam 
(t!) Surplusaing drranggaent 
(It!) Outlet 

The broad details of the layout and their design features 
are discussed bervunder3 

1.1 	(1) ERTH RAM,  
An eart.bsn don from Ch.500 to 2900 as shown in the 

longitudinal section (Drawing No.2) was constructed across Us 
tributary orated Aabl. The various control levels being 

(1) Top of dor R.L. 2080.00 	(R.L.634.0 a) 
(ii)  a.F.L.. E.L. 12900 	(840 631054 a) 
(iii)  7.O.L. R.L. 206.00 	(R.L.628j0 as 
(tr) waste Weir 

Crest level R.L. 2062,00 	(R.L..628.50 a) 

1.1.2. The sabankment was zoned rolled till aoupri sing s. 
(1) 	Central hearting core of o 
(it) Downstream portion of *ixsd sort and bard auras 

(sernipervious to impervious) 
( iii) Substantial casing on either side of bard nor= 

(pervious) 
(iv) A cbtaney drain (introduced at a later stage when 

the earth work had been completed upto about R.L. 
1980.00 (A.L.603.5 a)). 
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A section of earth da snowing Various zones is shown 

in the Drawing Soo 3, 

1.1.3. T'be docoan trap available at site is very *aepact and 
assive baring practically nil water Intake* No grout curtain was 

therefore considered neaeseary. A out.off trench 30  to 4' (1 a) 
deep in the rock and backftUed by Impervious material wars however 
provided. The stability analysis of the earth dam was done by the 
conventional slip circle method taking the pervious casing material 
(not free draining) as 50% buoyant.. 

A free board of 80  (2.44  a) was provided for a wind velooi ty 
of 80 miles per hour (128.? km per hour) 

An ideal site for providing spillway was available In the 
natural saddle on the right flank. Approach and tail channels were 
excavated and it was planned to direct tip floods .through this 
obanne] which would work as open channel to start 4th. The bed level 
of this channel was kept at R.L.20 62.00 (R.b, 28.5O a) and the 
channel of 172 feet (62.42 a) width was constructed* Ultimately It 
would be provided with an cgs* crest with three 411  a 27 ,  

(32.5 a z 8.2$ a) 'winter gates to cater for a spil]we design 
flood of 480©o esos (1363 amnecs). The water thus diverted through 
the tail channel was led into the natural river as shown in 
Drawing Ao.4. 

i  :.i.1 	L. ,17 Ri Èfl: 7 
The outlet at Pansbot was designed for a discharge of 

13 
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1000 cusecs (28 cusses) to seat the fair weather canal requirements. 

( b) J0 	i 
• The most convenient and economical location for the outlet 

was the temporary waste weir channel which was excavated to about 
R,L,1980 (A.L.594.36 m) where good rook foundations were available. 
Later, it was found that intortrappean layer was stet within the 
foundation between R,L.31950 (594.36 a) and L.L. 1940 (R.L•591.31 11) 

The foundations of the outlet ware therefore, taken below this geru 
layer down to bard rook. (R.L. 1932 to R,L*1933.0) t.e. (R.L.388.8? a 
to 589*78 a). 

(0) LA= 
An R.C.C, tower having 15 feet (4.5? a) Internal diameter 

was provided outside the earth dam. A control cabin was proposed 
to this Intake tower to operate the service gates* The tower was 

made approachable from the left flank through on approach bridge. 
A conduit consisting of youssoir..arob (pre-cast cement concrete 
blocks set in cement mortar) was provided underneath the earth dam 
section in the diversion channel. (i.e. temporary waste weir out). 
Tte layout for the tower, approach bridge$ and conduit is shown 
in Drawing No.4. 

The outset was provided with two service gates 5 feet x 8 feet 
(1.3 a x 2.43 a) each capable of discharging five hundred cus cs 
(140 cusses) at one foot (0.3 a) driving head*  The regular mode of 
operation of the outlet was to 1st down the discharge through both 
the openings. Bach outlet opening was provided with a service gate 



and an emergency gate. The conduit was designed to accommodate a 
penstock of eight feet diameter for the powerhouse to be installed 

at a future date. Before the installation of the penstock, the 
conduit was to flow as an open channel,* The conduit was 608 feet 
(185.31 a) long free the centre of the tower and it was given a 
bed slope of 1 in 400 from th service gate to the centre lips of 
the dae. Beyond that it was given a slope of 1 in 100. The height 

of the culvert to the crown of the intrados was U. feet 9 inches 
(3.68 u). The abutments of the conduit arch were constructed in 
concrete (caat4n-situ) 

to order to guard against seepage along the surface of the 

conduit, 21 cut-off r .ng s at 17.5 feet (5,33 a) centr s were 
provided. „ round the Bond tt# to addition to the above, a plastic 

fill at 103 percent of optimums moisture content was laid over the 
conduit for a depth of five to fifteen feet' as shown in Drawing 
No•d. The plastic fill was raised upon a layer of asphalt over 
the conduit* This provision was intended to offer additional 

resistance to seepage of water along the contact path. 

The tower base box and transition boxes were to reinforced 

*pent Concrete* 

(g) UPSTREAM AND POWN3TR81~Mi RBTA `A G4 WALLS 

Retaining walls both on the upstresa and downstream as 

shown to Drawing No.d were proposed for retaining the earth in 
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the temporary waste weir channel. The retaining walls were provided 
directly above the transition box and those were in wncour aid 
rubble masonry. 

(b)  8ERV!GE GATES 

The gate was designed with upstream skin plate supportid 
on boriaontals which in tub, were supported by end verticals. The 
sealing was effected by use of a rectangular seal for the bottom 

and musical note seals for t e three sides fixed to the gate leaf. 

The gate was stem operated and was guided Into the *lot by guide 
rollers. A worm and gear type hoist was proposed for the irrigation 
outlet stage,. For the power outlet stage$ the gates would be 
required to be closed, in a very abort time and therefore, the 
hoist would be either hydraulically operated or the gates fitted 

with retractable seals so that it could be closed under its own 
weight. The layout of the gate slots and the gate leaf was 
finalised keeping this in mew* 

(i) 
The releases from the conduit were ultimately led down 

into the river proper through the diversion owl which was 

already constructed. 
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CHAPTER m 4 

Zn the original project report#, a tentative daa section 
with 4#1 aide slopes was adopted for estimation of quantities and 
the darn section was to be finalised t, °ter ascertaining the 
availability of construction materials and their properties. Based 
an the above assumed oross«~ssction, the total earth work was 

worked out to be of the order of 124 Mott (351 z 104 cu,a) for 

the darn fill and the dam was scheduled for completion in five 

working seasons, as detailed below$-. 
Y 

8,No' 	Works 	 ' year 	' Quantities of excavation/ 
Embankment as per original 

Ibinentkxcavati.On 

	

a 4 	'' 

1. preliminary work and filling 	one 	6 Matt 
cut.ott trench to theorge 	Season 	4 
required   for embankment upto 	 (17z10 cum) 
R..1990..O 	and outlet 

Mil 

S. Blocking the natural gorge 	2nd 
by .abanJQa,nt having true- 	Season 
anted section and excavation 
of temporary waste weir 
C t... diversion channel) 

3, Completing the truncated 	3rd 
section upto B .1990.0 	season 

4. Raising the embankment to 	4th 
full height except over the 8eaSo 
temporary waste weir channel 

30 Mott 
(85z104 cuts) 

30 Mott 

(85x104 cm) 

30 Mo`t 

(85x104 cut) 

1 Mott 4 
(2.$3x]0 CUR 
for P.W.W. 
channele 
5.25 Mott for 
T.W.W. 
(14.91xlO4aus 

a Mott for P. 
(17xiO4aum) 
5.0 Mott for 

p.u.We 
(8,5z20' eta) 
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(1) 
	(2) 	 ( ) 

	(4) 	 (5) 

5„ Blocking the temporary 	5th 
waste weir gorge and 	Season. 
emple ti ng the embankment 
& permanent waste weir 
channel for diverting 
full floods 

Total 

28 Moft 
('19x104  cum) 

2.82 Moft 
for P.W.W 

(8.4pxlQ4  awl) 

124 Mott 	12.82 Heft 
for P.W.W 

(351z104  cia) & , 5.28 Mott 
for T'.W,W 

(36.30x104  cum 
for P.W.W 

l4.9zlO4  oum 
• for ?*WOW 

i 	iO.tJ 	8 	1 11 	•' 

The y0arwise progress Is shown 11ows. 
r i.1 	ti 

PreUminary works, excavation and back filling of cut-oft 
trench in the river portion and part earth work on the right 

flank. 
(1i)  YEAR 1958.52 

The work of diversion arrangements i.e* excavation for 
temporary waste weir channel was completed and the floods were 
diverted through this diversion arrangement. tent. The work of tilling 
the gorge was completed by construtting a truncated section upto 
R.L.2OO oOO (R.L. x.03 a) (Ester Drawing No.3), The bottom of 
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diversion channel was k pt at 11.L.1935.24 (R.L,588»48 a) (P3ease 

refer to Drawing No.2) and it vas designed to take can of full 
Inglis flood discharge i.t, 48,000 cuseos (1363 c%sSce). 

3.0. 8.x;.2 M29BA MR. 
As the a construction proceeded much data was avai3able for 

finalising the eartbwr tk section and accordingly the quantua of 
earth work Involved in building the du* upto R.L.2080 (8.+.634.0  a) 
reduced to 94.85 4cft only. Or• I.I.. Rao, 1(ember, Central Water'& 
Power CocIei8eton paid a visit to the project in February 1959 ail 
desired that the work should be speeded, to complete t x dam by 
1901. Revised, construction prograrnme for c+ plottng the dam its 

four working seasons i.e. by June 1961 was,, therefore, framed. 

,% 1. Here it may be mentioned that by the end of working season 
of 1984«» dQ, earth work to the extent of 50.85 Waft (6!4.41 z 104  
curt) has been done, out of the total of 94.85 Haft (269*37 x 10 cis) 
thus leaving about 44 Heft (124.96 x 1O cue) of earth work to be 
done In the working season of l9eO.61. The success of the above 
target enabling the don to be brought Into operation during the 
monsoon of 1961 was mainly dependent on the followings. 

(I) 	Completion of the dae. For this the availability of 
extra earth moving equipment for the increased 
target of 44 Heft (184.96 x 104  cur) in one season 
was essentially required* (the available earth 
moving equipment was matching for an yearly target 

4  of 25 Heft (71.00 x 10 cum) only). 
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(it) Cospiation of the permanent waste woir channel 
(i.e. spiUvay chancel) 

(iii) 

 

Completion of the outlet conduit with control 

tower and approach bridge including Installation 

of embeded parts # gate;i, hoisting equipments etc# 

3.2. To gear up the project activities, additional staff was 

sanctioned, foreign exchange was released for additional earth 
moving equipment and the additional machinery *am* into operation 

in D.oaaber 1960.   Montbwise programs was prepared for the above 
groups but due to the various difficulties the actual, progress 
achieved during each month was aligh r behind the schedule. 

A statement showing the rnont#wiee programme and the actual 
pro; sees achieved during each month ie given below: 

T 1its.- 	~f~i 

month 	t AS programmed 	' AS actually executed 
(in Matt) 	$ 	(in Moft) 

2  

1. 	October 1960 	2.00 (5.65z304 cwt) 	2,55 (?,21x104 curs) 
2. November 1960 
3. December 1960 
4• January 19 61 
50, 	1ebruarf 1961 
64 	March 19'61 
7s 	April 1901  

4.00 (U.3 04c zt)  

4.00 (11.33a3A4cum) 

7000 (19.81 	4oue) 

'7,00 (19.8x104 cue) 
7.00 (3.9. .z104 cue) 
7*00 (19,8z104 cut) 

3.85 (10.89z104cur) 

4.10 (11.6 A; cue) 
7.06 (20z104 cum) 
&64 (18.66xi um) 
5.84 (16.52x1040uu) 
5.89 (16.66s1U4cU$) 

	

8, 	May 1961 	6000 (16.98n144CU1) 	5,90 (16. 69x104ccm) 

	

9. 	June 1941 	 Nil 	 4050 (12.73x104cve) 

Jots, 	 44.00 Mcft(124.3x 46..25 loft (130.86z 
cur) 	 l04 cl) 
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NOTl*• (1) The nontbw1se quantities shown in Colin 4 were 
very approximate and the quantities of earth work 
carried out outside the dam section for roads, ramps 

etc. were included* 
The actual shortfall of earthwork in the teapora*r 
waste weir portion embankment was reported to be 
2.5 Matt (4.24 z 104  cum) 

(iii) The actual levels reacbe-d by June 1961 are shown in 
Drawing No.2. 

As it was decided to keep the permanent vast* weir channel, 

at R.L.2062 (R.L.628.5 m), the quantities contemplated to the 
original project report were substantially reduced and the estimated 

quantity for excavation of permanent waste weir channel upto 
R...2U (A.L. 628.8 m) w0rrked out to 6,15 Mcf t (]A. x 10 cum) 
only. As against this, some work was already completed and the 
excavation work to the extent of 3.55 Kett (13.44 x 104  cum) was 
only to be. planned during the season of 19e0.6Z. TO* montbwlso 
programme and the actual executed quantities were as under*- 

S No. 	Month 

1. 

 
As Prograued 	As executed 

(in Matt) 	(in Kett) 

June 19 OD 	 1. OD (4.52x10*  cum) le 6Q (4f 52204  
can) 

2. July & August 1 U 0p 	Nil 
	 Nib. 

a. September 19O 	1.45 (Z. 97x104  cud ) 0.35 (0.992 4  

4. October 19 SD 	4.60 (1.41x144  cue) 0.50 (0.49x10;  )  
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S*No. 	month As programed 
(in Kart) 

As executed 
(in Heft) 

be 	November 1960 0.50 (1.41 	10 4 ores) 0. 	(0.89z 
10 	over) 

d. 	Dooimber 1910 0.50 (-*do..) 0.345 (O.9?x 
10 am) 

. 	January 1.961 0.50 (.do-) 0.26 (©.?o 	; 

8. February 1961 	 0.50 (`do-) 	0.28 (O.?9104 

9, March to duly 1961 	Nil 	 Mostl
y a 
 aU 

 atiots work completed 
by July 

Da 	CID1etion 
U © 	wt~R 	4 .ACtual. 

	

a) 	Arab Conduit 
(I) Abutment 	 By end of 	March 1961 

March 1961 
(U) Arab (consisting 	uido- 	25th April 

	

of precast blocks) 	 1963 

(iii) Concreting the bed 	..do» 	Remained 

(iv) 8tauncbing rtes 	-do. 	15th Kay 
19 

	

(b) 	Tower 	 -do- 	15th June 
1961 

	

(o) 	Approach Bridge 
(i) Piers 	 By end of 	15th Jar 

May 1961 	1961 

(ii) Trusses 	 '.dove 	only two 
trusses i.e. two 
sacs out of 
six erreated 
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p t  dulvA 

C d) 	Gatos 

(i) 	Service Gate By egad of 8ervics gate 
May 1961 cowered on 

lath & 9th iuno 
196-9 but 

(it) 	Emergency Gate '"dou emergency 
	e  ho 	t far 

iii) 	Rout service gate 
could not be 
installed 

3.3.  From the above it would be seen that the programmed dates 
could not be achieved. AU the works like construction of arch 
Conduit,, R.0 .G. tower, erraotion of a bsdsd parts of the gates etc 
were concentrated In the short width of 351  (10.6d a) in the 

temporary waste weir cut and ocmpletion of each work was rather 
dependent on the progress of the other. The following agencies bad 

to work in the restricted space# 
(i) The main civil contractor doing the work of 

transition bozf  conduits approach bridge and 
tower and subsidiary contractor employed to 
expedite work on the tower. 

(ii) Civil ► Department *xeouting earth work over the 
arch conduit 

(iii) Mechanical department doing •rreotion of the 
nt.ded parts for the service gates and emergency 

gates 

3.4. The progress of terse critical works also suffered on account 
of heavy rains in the month of Mq r. The monsoon broke on 20th June 
1961 with a long spell of heavy Unprecedented rains. The heaviest 
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rainfall occurred on 24th •. 25th June 1963 being 3.2.?1 inches in 
($2.28 ci) a day. It started raining again after three days and 
continiad unabated from 28th June 196] to 12th July 1961 
aggregating to another 57 inches (144.78 as) in the fifteen days 

period. 

3.4.3. The unprecedented rainfall in the catoboent led to rapid 
filling of the reservoir* f he reservoir level shot up by over 
30.5 feet (9.29 ii) to a day i.e. from R.L.3.958.5 (R.Lo598.95 m) 
on 25th dune 1961 to R.L.1989.O (R L« 8CM6.R+t .4) on 26th June 1961*  

Thereafter# the level rained steady for four days till 30th June 
1961 when it again started rising steadily and wont up by another 
78.5 feet (23.93 m) to E.L.20 ".d (R.L, .17 a) in a period of 
twelve days. The f , reservoir level vis, the spillway crest level 
of R.L.20 (R«L.628.58 a) was reached on loth July 1961 when the 
spillway started running. 

3.5. 	With the break of monsoons on 20th Jug 1961, and early 
filling of the reservoir the works cam to stand still and the 
following items remained incomplete. 
I)  $ARTLWOR 

(a) The height of the dart in th temporary waste weir 
bad reached R.L..2076 (R.L.63L46 a) as against the 
designed height of R.L.9080.0 (R.L. .0 4) 

(b) The level of the k*arting In that section bad 
reached R .L. 2044.00 (R,L.639.90 a) as against 
the designed level of R.L.2092.0 (R«L, 63X.54 a) 
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(a) The downstream casing in the s 	section was at a 

level of ' R.L.206&.4 (R.L. 029. io a) only as against 
the designed level of R.L.2080.O (E+ L. 634.O a) 

(d) Ito pitching could bs laid on the upstream face in 
the temporary waste weir and adjoining portions of 
the dame 

tBR-  KAN 	WAS?! .Wgi _ 
The excavation of the cbane1 was practically Complete 

but the bad and sid*s regain+ d very rough bs,&use final finishing 
of the rock surface could not be dons, 

• (a) T,bf conduit bed could not be lined with concrete 

beyond the upstream transition boz. The bed concrete 
had been left in two steps of 2' and 1 toot is a 
distance of 10' (5.048 a) from the transition box* 
There was . reverse stop at the downs t a* end of 
the conduit as the tail channel was not proposed to 
be lived* 

(b) The three toot wide (longitudinal) divide wall is the 
upstream transition box could not be completed. The  

stream lining of the upstream entry into the conduit 

was also only partly dOMe 

(o) The upstream retaining wall which was to support the 
upstream heel or the embankment in the temporary waste 
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weir portion was only partly core truatad upto 
R.11. 1976 (R.L. +x@8. $8 a) 

(d) Work could not at aU be started on the downstream 
transition box and the retaining wall meant to 
support the downstrea slopes of the e*banlrnt. 
On this account, the upstream and downstream slopes 
were made somewhat steeper than provided in the 

origtn4 des gnu but a substantial rook too was 

provided at the toot of the downstream slops, 
(e) The outfull channel beyond the downstream end of the 

conduit could not be *xoavatsd properly and was 
left at a flat slops of about 1 tan 400. 

Gates, hoists and other component parts could not be 

manufactured and installed to tom, 
(i1 s~HVTC . GA? 

The two service gates were manufactured in the Dapori 
Workshop (state Gov+errnm~ent Workshop) and were lowered in the 
grooves and adjusted to 2 feet (0.6 in) partial opening on the 
6th and 7th dunes 1061, The service gates were slung. from the 
tower by steel Are ropes. For the left gate a pulley block was 
suspended from a temporary suspension frame of steel sections. 
The wire ropes of the right gate were tied to wooden sleepers 
resting on steel channels. 



(1i) uorars 

atom rods and boiets were received by ]2tb June 191 
but could not be erected, 

rr' i t ~1;tRi  t i 

This  was not ready and could not be erected* 

The bridge could not be completed making the tower 
of 

unapproacbab&e for reset ttngtbe gate during the monsoon. 

(D) 	The trasb racks were not fixed; but temporary screening 
arrangesen to were made. 

2~ 
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CHAPTER - 4 

Retoro dealing with the various theories regarding causes 
of the failure, it would be north •zamining the course of events 
that took place one or to days prior to the breach of the do* and 
the evidence of data available after the breach of the dame  

$.0.  Q86SF{XQ 

ARTBWOE 

In the temporary waste weir section the earth work had 
been carried out upto R.L. 2075#00 (R.L. d .46 a) and that too In 
the upstream easing sons as against R.L.  2080.00 (R.L.634 a), 
The bearting and ddvnstreao casing bad been coapleted to R.L.20+6!.0 
(R.L.624.1 a) only6 The highest water level reached at the time of 
failure 1.... overtopping was at R.L. 2067.5 (R.L. d30.17 a) i.e. 
* feet (i.0 4) above the bearting top and 9} f•.t (2.29 a) below 
the upstream casing. 

(?T) WAVZ " 
The water level on 10th July had reached R.L. 2082.0 

(R.L. 628.50 a). Heavy rains continued in the Panshet oatcheent and 
were accompanied by a strong wind. On this day tbo wind velocity 
recorded at Central Water A Power aesoarob 8tationp Y►badakvasla was 
of the order of 53 to 62 ke/bour. Upstream pitching was not carried 
out in the Bone of the terporary waste weir section and severe wave 
action was noticed on the upstream portion of the damp particularly 
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on the left side bet een ohainage 01 to 1.200; which included 

the temporary waste weir and conduit sect i on. Gutsy bags (4800 Nos) 
and corrugated iron sheets were put on the upstream slops to 

counteract the wave action and the wave Wash was practioal1 brought 
Into control. The height of the waves as observed was about 4 lost 
to five feet (1.2 to 1.t a). 

At about 7.30 p.m.-  on the 10th July some water emerging 
through the downstream rock toe about 6 feet (1.8 a) above the 
top of the conduit arch on its lot side wag detected by the 
patrol tan. Sr saw a few stones falling down from the downstream 
rook toe and board some notes. The construction engineers saw 
this flow and estimated the sane to be of the order of 5 to 10 
cusses (o.i4 to 0..28 eumeos) • They also noticed that the colour 
of the flow was the saw as that of the lake water upstream. It 
was also observed that the flow was constant and net tr 
increased nor decreased in the course of about 3 6 hours tie. till 
overtopping on the 12th of July. 

On 11th July it was noticed that the conduit was flowing 
intersIttently full. The dovnstreas end was sometimes fully 
submerged and sometimes open when water level in the tail channel 
was 0' below the crown of the arch.,. Whenever the water level went 
down there was a hissing noire as of an escaping air.. 

(V) SUBS 	1 
At 2.0 air. on 11th July, the overseer noticed that the 
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embankment opposite the tower i.e. above the conduit in a length of 

about 30 feet (9.14 a) sake to an appreciable degree and reported 
the matter to the construction engineer. The top of the embankeent 
In this portion was then onl7 1 toot to 2 feet above the waassg 
which showed that the initial subsidence was to the extent of about 
3 test (0.9 m). The embnnknent continued to subsidy;. From about 
5„30 a.me or soy sand bags were laid on the sunken portion with a 
view to raise the embarkment above the level of water. The engineer 
Incharge who observed the sinking operation did not got any 
indication or had a feeling that the material of the eRbankulant was 
moving towards the direction of the lake and thought that it was 
si nktng do'vn. (Refer Drawing No. 6) 

(Vt 
Transverse cracks appeared 100 fto ( 30.48 a) apart 11e. 

approximately over the conduit trench edges. These cracks were in 
half the top width of the casing and were wedge shaped being 1 toot 
wide (0.3 a) at the upstream edger,, Cracks were noticed on 11th 
morning in the downstream casing also. These cracks were also 140 
feet (30.48 a) apart, (i.e. over the edges of the - trench) but were 
tbiraaer being about * inch vide. Transverse cracks In the 
upstream portion were wider on the left side than those on the 
right side. (Refer Drawing No.6). 

(VU)  H&ARTXNG AND D0WN$ 

rnspsotton of the dais on 11th July and 12th July showed 
that the b*arting portion was not affected by subsidence ui d 
seined intact till the time of overtopping. No slip or scour 
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f CRACKS B.B WERE SMALLER 
IN MAGNITUDE THESE CRACKS 
AND SUBSIDENCE FIRST 
140TICED ON 11.7.61 AT 2.00 A.M 

w 	 I 

JP STREAM ELEVATION 
SUBSIDENCE 6 CRACKS IN U/S CASING 



1- 
Ui 
Ui 1- 

M 

Oj 

0 	 -4 0 
x 	 _' 	p  

4 U rN c9r 	 p 	:w n~ 
7 Q 	 N Ln d_ 
0 	

N 
dp 	 J 	 WS W .p 

= w 	 W 	 d~w r 

Z F 	- 	x 	3 W z 
z0 	 m~ w z 
O Z 	 W m m~ D O 
¢ - o 	 Q 	 zmD 
O S 	 V• 	u Q Ln V 	Z Z 	 _ Q 	 p~ p 	 QzDF 	 ~n 
d 	 d 	 a 

m W L] 	Z 	O ~ 	 uzQO 	 n u r O 
Y ma a 	r 	=z 

W I 	~PR r 	d d O PP d 	D~~o 3aQ 	 v J 	N r 	VI f~1 	W 	W,-pa, z=d 	 7 - 
a n 	O ~ O JJZpa 	WNI ~.a~ V 	 pQ 

O 	P ~.op o a 	~c1~='O 	arl 	rip 	 aV 

- 	`iH Q Q 

a ~ 	 ~OOO ono 	m00 	ZE 	 = ~~ 	D 

O' 	 ~gJJJO, 	 D 	o t 	LL 	 F.m 
!n I_o po a 	 l7 	I 	Q~ 	 m 

J~P 	 ~V 	p 	O IQ"Fi XZ 	 =Z 
1 	Q 

O 	 N 	 ccO 	m 	O ; L) try 	 O 

O 	 Z 	 Y C 	 a 	 z m 	 a 
~ 	 m 
c~  r t- 	 LL 

w 
J 	 Z 

• ~ 	 m 

d~lll 	
i. 

	

r
- -- 	

Z j Z . 

L. 	

O 	 n v z 	LL 
Q n 	 Vr 	I 	 V, V zn 	0 

n 

•
r 	 Du ` 	 1~ a 	J a Y 
= 	 O'S I 	 p O 	 a 

00 
	 0 p 	 O Q O 	=W uUi 

ry/ - 	 In 	0 a 	t~ ,( 	 03 0 
a• O 	 - N a f 	m 

y 	 a `~ %~ 	Z 	 a 	R  
O 	 a 	F 	n  3  

	

O v 	i¢ t 	O 	O 	
i

` 	In 
tn O 	N °C 	s 	F s N 	 D a v 	~r 	 w r 	I 	 ~Q 	 z s O  

SOO ~ z in 	 u+ 	J 	O I w Ur 	 r I 	 I 	 z  

_ 	 f 3 	 O 	 O  
V
a -'i O 	w O 	p' 	a 	o f 	 ' X _ 

" 	 w 	 z z 	f as 

	

r` 	D 	 O r m 	 D N 	W 	(  O_ w z 	'n 
i 	N 	F 	go u 	m 	z_ 

	

J 	 I 	 z d 	D 	,A 	-q  
O 	 dl 	~i 	a 2 zm 	 ~a 	 x 

	

Ji 	~g 	I 	O a 	 I  
Wi 

!n 

	

W l 	 I 	LL 	1= 
I 	U p 	0< 	 z 

OC 	 j 	 I 	p 	,o 	 a 
Q 	 WR 	 i 	F U) 

1 	O LLx-_  

	

3 	N 	N 	1-1 

w x !n 

u ()~u 
4 

Wz 	z 

O 	D C N 	 m 
W 

N 
W 	 w  

=mLL
O 	 J 

F-p 

O

N 

	

O 	0 	O 	O 	O 

	

p 	 Z 
0 0 	P 

	

d N 	OH 	N 

cej 	owl 



3 

was seen on the 4ownatream face' of the dam besides the small cracks 
in the casing. No subsidence of the downstream our n slope was 
noticed either. 

(VII)  FEEL IlQQ OF y 38. 	& 

ho vibrations were felt by people working at the top of the 
den or on the ground level near the downstream and of the conduit. 

(u OYBRTow I t 

!iwiedtatsl ' after overtopping of the darn at 7 a.tm. on 12th 
: t, the overflowing water started eroding the dam section 
over which it cascaded down to the river bed in a mighty fall of 
about 1401  (42.6 s ). Chunks of coapacted owxstreai oaring and 
atone pleos from the dovz trees rock toe fell. first and finally 
the hearting got eroded. 

n 	♦ 	 e 

Zt was found tb4 t out of the total conduit length i of 
019 toot (158.14 a) , 75 feet (83.82 ji) length of arch on the 
downstream aide bad been washed away completely and ths remaining 
244 feet (74.3? a) on the upstream side was practically intact. 
The vousn:oirs (prraoaet cement concrete blocks) in the last 20 feet 
(6.09 a) of the standing portion showed signs of distress. Two or 
three rings of the arch in this portion of 20 test (6.09 m) have 
open Joints and show slight movement. 

Some rock debris and cent concrete blocks were found 
inside the conduit in the portion which was sting* 
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Tb. corners of the abutments in the portion where the 
conduit arch had been washed away were found to lave rounded oft 
due to abrasive action of the flow* Dá age also occurred by 
rock tall from the aides of the conduit trench (i.e. T.W, W. ) 

Some rain water bad accumulated in the haunches of the 
intact portion of the arch conduit and was found to be lsoktz g all 
along into the conduit through the joints between the skew backs 
and arch t+ rs, 

(Tv)  E2TION 	 nNc 

A longttudtnul section of the remaining embankment shown 
in Drawing No.2 indicates that the old river course has been 
practioliy re•eutab ,Usted. The front face of the existing portion 
of the dam was found to have slightly bulged out, obviously as the 
result of the sudden drawdown of water in the reservoir. Large 
longitudinal cracks were noticed at the upstream edge. These 
were reported to have appeared after the breach. Pitching was 
done upto R «L.20 dD only (R RL v  62'x.8 3 m). 

Cavitation damage has occured in the side wall# downstream 
at the gate opening. There was a big patch of damaged concrete 
on the roof of the transition boat* 

(VT) TOWEL 
(a) Sides of the cement concrete blocks supporting the 
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gantry were found to barer worn out by oscillations 
of the chains. 

(b) sass concrete was soon to have fallen out as a result 
of continued erosion at a number of paints. 

(A)  flI 	„1_SFRV E 4ATI 

{ i) Upstream skin plate and seals were found damaged. 
(ii) Top suai of nose channel  cbarmel. was dislodged. 

(iii) Bottom guide rollersr Vera •Xøared oz'f. One roller 
wus Found lodged within the gate wheel slot. 
Guide roller brackets were Intact. 

(ii') cavitation damage was seen on the slot base and top 
seal, block-out. 

(v) The channel iron block out was torn oCt from 
concrete and was foundto be abutting against tb3 

gate skin plate. 
(vi) The stem rods were found lying in the conduit about 

120 feet upstream of centre line. One of the stet rod 
had been dented badly and also bent# 

(vii) Heave erosion in the concrete of the side wale was 
seen just downstream of the gate slots, 

(viii) The sides of the channel downstream of the gate wort 
seen pitted. 

(i) The divide wall., slot base and top seal. block out 
were seen pitted as a result of cavitation. 

iii 
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(ii) Three guide rollers were found fractured and damaged. 

(iii) Nose channel was found dislodged. Top seal was torn 
off and missing* 

(iv) Damage to reinforced concrete w&ia observed as a 
result of oscillating stein rods. 

The downstream bottom flange of the gates was found not to 
ba'e been cut according to the design. With the gate open of more 
then W' ' (22.66 as), the top seal want out of action. 

( YUUT) U'8' RBAN RAN1NS WALL_ (D IRRCTL! ABOVE L jAA~8 J 18 ) 

(I) The wall was found to have tilted slightly upstream 
(it) Cracks were noticed in the retaining wall and a 

orished stone was noticed. 
(lit) Damage was caused at the bas of t be wall on the 

downstream side. 
(iv) Wos, hole pipes were found to have crux ie&. 
(v) Construction joint on the right was found to have 

been dented. 

U) CONDUIT ABM 
Pitting was seen on the concrete surface of abutment 

to tI* regions where voussoira had been washed away. 
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CHAPTER • 6 

Iwediat.l r after the failure of the Fans e t Dan 
Government of Maharashtra bad to ulated or* man oomaission for 
investigating the possible causes of the fatlure of the dam. 
Joaticf P.A. Falk was holding the chair. Report: from various 
experts regarding the possible causes of the failure iaere 
received by the commission, ghri D*N. Fandtt, the retired Chief 
Engineer (Irrigation A Power Department) of t4ab ,rashtra State in 
his report vi cualteed the possibility of the conduit be ini 
press urised as a result of higher discharge than was meant to 
pass under design conditions through the conduit and also as a 
result of the floor of the conduit not having been concreted. The 

co=iesion, therefore, directed the Director of the Central Water 
and Power aeeearch Stations  Kbadekwasla to reproduce the 
conditions of the Fenshet outlet on the following lines:la 

(i) 	Condition of floor in the arch conduit under 
high bead with a 21  (0.6 a) opening on the 
prototype gate# the configuration of the jet 
downstream of the gate and the `lox condition 

in the conduit as it was constructed upto Its 
tall ends  should be simulated, 

`ii) The model reproduction of US permanent spillway 
regarddng its dimensions and levels relative to 
the full reservoir level and also intermediate 
stages of the reservoir should be made. 

2.0. 	Accordingly, a goonotrically similar hydraulic model 



was sad* to 1/12 scale by tho Kbadakwasla Research Station. 
The model reproduced the entire length from the emergency 

gate slots upstresa to the outfall channel downstream covering 
a total ling tt: of 144' upto its tail. This model was moulded in 
transparent perspez for flow visualisation, It was laid according 

to the prebreach surveys and was roughened by pebbles and stone 

metal. Vibration and pressure pickups were fitted for recording 
gate vibrations and fluctuating pressures in the conduit. 

2,.1. 	The motel indicated adr3r,ze flow acme.tloi era the 
towar, trc,nsft tcn bo. $ and conduit. tr each gato slot,, a very 
high velocity vortex was seen to be spinning with considerable 
entrained air. The vortex created a spiralling motion in the slot 
and led the flow upwards. For beads above 50 feet (15.34 a) the 
dtoebarge eierging from the upatroan top seal gaps high In the 
tower and dropping down again through the air vent in the downstream 
part of the tower, caused tntsznittent chokingof tape air vent$  
giving highly erratic and unpredictable flow conditions. 

2.2„ 	The flow through the gate oponiz was superaritteal. 
Due to tbs roughn ss of the b ed and two steps in the conduit 
bed, hydraulic jump was formed in the conduit itself, The 
position of tbb hydraulic jump was fo%u d to vary with discharge 
For low beads the swap formed at the step about 60 feet downstream 
of the gate and there was free flow in the remaining length of 
the conduit,. As the discharge increased with rise In reservoir 
level*  the jump travelled downstream and became loss defined 

at a head of about 70 feet (21,33 n), when an undulating j asp was 

3.9 
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formed. As the head I ra,5ed to 100 feet (30.48 m) s  the undulating 
Jump was transformed into a steeply rising lot intermittently 
touching the roof of the conduit at about 210 to 220 feet (dt to 
67 metres) from the upstream and of the conduit. With still 
further increase In the discharge, the rising jet suddønly changed 

into highly turbulant and erratic movement of water to fort a 
hydraulic Jump at a dis tancp of about 120 ft (36.59 m) from the 
upstream end of the conduit for the maximum bead of 131 ft 
(39,92 a). The location of the hydraulic jump eras, however, 
extremely sensitive when sealing of the arch crown ocoured at 
the downstream end of the conduit. At the downstream end, where 
the conduit emerged into the outfall channel# intermittent 
submergence of the crown of the arch accompanied by biasing noise 
and spray formation was observed. The model indicated a total 
discharge of 1370 cusecs (36.36 aumeos) through the conduit at a 
had of 13]. foot (39.32 m). 

When the reservoir water level reached A.L,,2067.8 
the distribution of pressure was as under:. 

(I) 	Pressures in the gate slots tero highly y 

fluctuating and the negative pressure was of the 
order of 	17.5' (minus 3.'1.5'). 

(ii.) Pressures on the sides of the transition box 
were slightly negative* 

(iii) The pressure in the top seal slot was observa-d 
to be .» d to .7 rest is the model. 

(iv) The pressures in the upper region of the conduit 
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troro aMLbtly nocativo Upto tho ti[t'auUSo jump, 

(v 	Tbo Sold, j procoo variations Qn tb3 conduit 

Voro obco vo  

(a) At i$0 toot 	troam '(ciiao) 10 to +a13 6 

of tho con'?o , no 	o 60 CAA I. 
of tin conduit 

(b) At Oh0 o 	 t (t3inuo) 1001 to <'8000 

(a) At 8h0 2 3 ft d/8 of 	4-tc ifW) 3g05 to <'1Ø1 
tb oont o .Un 	= 18180 

` abovo vart tiono aro awn in Drawing '9007o. 

(i.) 	Through tha two foot gate openings and top 80111Cape, a 
combined discharge at 1374 ou0occ iiao obaor ai. to pass in ' 	oodo1Q 

(it) 	Tho toot ro$%a1to proved tbs oziotanco 09 4angoz'o at  

cavitation conditions In tho soa . gaps an tho ato clots,& 1 
eziøtc&nco of gate vibration o tan +coo ootab1tood q~aaLttattvolyt 
c ,n3 to tbo codo1 1tait11tiona0 I n tho abao co of toot facility 
of cavitation tinno1p tho o, iotanco of cavitation could not bo 
proved conc1ueivo44r in tho modo3, toots0 

(tti) 	' hb adoption of a ro roau1a# or r typo dooiQn for do 
cervico aotoo obould ba©o boon avotdc d0 At 1aaot ttio ouiotInG data 
on tho dcorita of tb o typo of Qato +o bt to bavo boon dot&mod 
oarotu11j botoro Ito ooXootion and tutbor I►provoattons c odo 
to roQovo Ito dofoato0 
(iv) 	•Tho oistcttn corvtao Catoo o '9orod from fatalty top coal 
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design, severely defective fabrication of lip details and 

Inadequate armourprotection to the gate slots and the aide of 

is chat net. Cavitation i nd consequent severe vibrations and 
pitting were a raas4.t of tip servico bato ce iaienci©ao TL© gates 
w3: alsQ subjaot to vibe ,4tc, s as they wore subjected to underflow 

and overflow and ary hung on provis*d elaetio suspensions. 
v) 	The normal design of a separate air vent would have 

asap +d fouling fro z the seal sup df&cbar e. In the present oes•s  
the air vent eXfiaienc ' was impaired partially and intermittently 

although a liberal size was provided fox= to the assign, Uao fouling 
tIc air ant added to wiatEa4 flow coLLuttiore at the gate. 

(v t) 	A & a ra sult of U pii  her than design oischarge passing 
througk the conduit and nonwconcreting of the conduit bed to design 
gradient and surface smootkness, the depth of flow in the conduit 
built up and a 2aydraulic Jue.p Pored inside the conduit. This also 

resulted In pressurisation of the conduit downstream of the hydraulic 
Jump which was of the order of 10 to lb feet above hydrostatic 
limit in the upper parts of the conduit Gnu. 5 to :#.6 »eat in the 

totl portion of the conduit. i'be conduit arch was thus subjected to 
highly pulsating pressures. 

(vii) The outfall channel downstream was not designed. This 
should have been done and constructed acoordinglyr+ The existing 
channel combined with the present conduit tended to build up higher 

water levels. 
(viii) Cavitation and consoquent vibrations would be highly 
calamitous forces arising due to the conduit flow. On the other band 
pressurisation of the downstream part of the conduit and rapid 
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prossura f3 uctuations duo to turbulent and unsteady flan 
condition3 4nsido the conduit would also to eovoro y uWarrantod 

forcoco To That oxtont and in what me nner these forcoc contributed 

to the tragic failuro of the dam to b3yond the scope of the direct 
analysis of model atudios tt can bast ho left to rational 
Inferences fri hypothota and conjeoturea0 

2* 5, 	hydraulic io l testa worn also done after rectification 
of the defocto and the shortfalls in the construction of the 

conduit and It was observed, 
(i) 	that the distress on the arch due to turbo ant 

flow conditions and bydr: alto Jump forming 
inside tho conduit could not have occurred bad 
the bed concrotthg been dons in the conduits 

(11) The air demand a outd have been thansatisfied 
from the downstream end of the conduit although 

this would not have affected the flog conditions 
at the gatoo  

(iii) Of all the successive gate openings upto $*5, the 

2 foot gate opening proved very critical so far 
as high negative pro ocuroc at and near the 

gato slots tore concernado 

Discharging capacity of the aate ics channel gran 
found to be lower than tio2Lgned0  visa  against designed discharges 
of 0800 and 17,200 ousecn at laho loyRlo of 2067A and 2O?240, 

actual capacities uero only 3370 and 109000 cuseoc roopootivo y0 
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C 3APTER •• 7 

Betore discussing the likely theories about the failure 
of the Pansbet Danz  it would be worth examining the possible causes 
leading to embankment da* failures* The failure can be due tot. 

(a) Due to overtopping caused by inadequate spillway 
capacity either due to spillway being unable to 
pass the designed discharge or due to the 

extraordinary heavy inflow much above that for 
which the spillway and the darn is designed. 

(b) Duo to inadequate free board 

(c) Due to excessive settlement or subsidence by 
seismic or other type of vibrations. 

(d) Reduction in section as a result of erosion of 
upstream faof by wave action* 

(t!)  Internal ;osign 
(a) Piping or seepage through the dam coming out at 

the downstream slope. 

(b) Flow of water through cracks in the embankment 
caused by shrinkage or differential settlement, 

(a) 	Flow of water along the junction of the dam with 
foundation or abutments, conduit or other structures 
embeded in or abutting the dam. 
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(d) 	Flow of water along the Joint between layers of 

embankment with different quality of materials 

or with different degrees of coopaction. 

(ICI) "OBW aeon Failure 
(a) Due to aetti ement • or hauving of foundation under 

the load of the dam and reservoir water or due 

to seismic pbono non. 

(b) Piping through foundatior9 Boiling or sloughing 
du. to stratification or presence of soft material 

(a) 	Shear failure due to presence of low strength 
material in the foundation or reduction of effective 
strength due to transmission of high uplift 
pressures along previous seams. 

(a) 	Liquefaction of foundation soil due to severe 
vibratory force of seismic or other origin. 

(IV) 	lopp 17p.ilur~► 
(a) Slop* failure due to insufficient shear strength 

of embankment material or under drawdown. 

(b) S tear failure along the base or an other plane of 
weakness. 

CV)cua 

Failure of conduit or other masonry structures 
exbeded into or abutting the darn resulting in 

collapse of the dam, 



-; 4keem casing portion did 

not shcir any apparent eubitdonco and It vas intact 
tnl the overtlott took piaceb Only small. cracks 
iioro obocrved ahtcb Toro 3 to *0 1doo 

(iv) 	Post failure tncpootion eho od that tb-f conduit 
arch had been ash34 away conpletol In a loz th 
of P.7 3 feet (8& 82 in) on tbø do nntroan cr4 on 1y 
Tbo conduit in the romainina ►otroam portion i ao 

intact (for a doar th of 2 toot) (? 0 ? a)0 

f 3.oaka~o thr~owjh tho oiban u ont to takon into conoidoration 

tb cauno of failure can be contributed to internal erosion (t0o0 
oitber duo to tt(a) or It(c) o If the 3tnhtn phoncinon to 
cona±ddred then tbo cauoo of failure can be attributed to ettb r 

(1) 	External pros .on . may he f'ta) 3 1(b); 1(c) or I(d) 

(ii) 	Upotroen u10PO fj13.uro IY(a) 



	

2.0 	Before, formulating any conclusion or oaus• £0 1! the failure 
of the Pansbot Dam, one has to take into account the following evidence 
and torn fit t e case of the Pansbst failure in any of the possible 
causes listed in pars 1 above., 

U) 	Leakage of 5 to d0 cusses (o. i4 to 0.28 cu®ocs) 
was first observed tbrougb the downstream rock. 
toe and the leaking spot was at the left side of 
the conduit 60  (1.8 a) above the esxtrados of the 
conduit. 

(ii) Sinking , of the upstream face was observed on 11th 
July and sinking was downwards and not towards 
trio lake. 

(iii) Searttng portion and the downstream casing portion die 
not show any apparent subsidence € nd it was intact 
till the overflow took place. Only small cracks 
were observed which were ] to j" wide. 

(iv) Post failure inspection showed that the conduit 
arch bad been washed away completely In a length 
of 275 feet (83.82 in) on the downstream and only. 
The conduit in the remaining upstream portion was 
intact Uor a length of 244 teat) ('74. d? m),. 

	

2.1« 	It leakage through tb embankment is taken into consideration 
thecause of failure can be contributed to internal erosion ti... 
either du, to It(a) Or 11(o). If the sinking pbanctnenon is 
considdred then the cause of failure can be attributed to either 

(t) 	External erosion may be i(a); I(b); I(c) or 1(d) 
or 

(ii) 	Upstream slope failure ZY(a) . 
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If the cracks in the eabaokseUt are considered as the cause 
of failure, then this could be classified under category Ifl b) or 

If the failure of the arch on the downstream side is 
considered as the cause of failure, than this can be classified under 
category V. 

	

2.2. 	From the above it would be seen that the problem is rather 
complex and the cause of tin failure could be one or more of the 

above possibilities. 

	

3,0. 	From the indisputable evidence available prior tau the 
breach of the p'ausbet Dan#  one fact is clear that the failure was 
Caused by overtopping of the incomplete dam section over the conduit 
due to subsidence of the upstream casing zone below the a mum 
water level attained in the reservoir, The cause of the subsidence 
of the upstream casing is howovor, obscure and must# therefore, be 
inferred from the available evidence prior to failure and from the 
observation* of the remaining works after the i'ailurr. It wouldo  
therefore, be neceasary to examine each, possible cause in detail 
to visua3tse whether the same is applicaMo or otherwise. 

4.1. (1) (a)  ?nad.,.puacyof soillyi y 
The spt4vay of the Pansbet Dam was designed on the 

basis of Inglis S tpsrical formula and the inflow was worked out to 
have a peak of 48,000 cusses (1363 deco) with a duration of 9 hours. 
The spillway discharging capacity was worked out after allowing 
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flood absorption capacity. The peak inflow of 48000 cosecs (1363 

cuaecs) was asstaed to impinge upon a full reservoir spilling with 
the base flow of 4000 cusses, Tb. spillway design flood worked out 

to 17,000 cusses which the spillway has been designed to handle at 

the reservoir elevation or 207$ ft. (R.L. 631.54 m) 

Model tests conducted in the Central Water & power Research 
Station, Khadakwasla indicated that the actual spillway capacity of 
the prototype was likely to be appreciably lower than the design 
capacity. Moreover, the this Formula is purely emperical and does 
not provide for any abnormally heavy localised precipitation 
intensity as is met within the region of the Western (bat xY particularly 
so for saall catc1 nente. The inadequ►te spillwa, capacity exposed 
the daa to risk of overtopping„ However)  as the maximum level reached 
was only of the order of R,*L * 20 6?.3 EU.1. 630.1? a) as compared to 
the designed level of R.L.2092.0 (o,L. 831. d4 m) the dam did not 
tail due to inadequacy of spillway capacity. Similarly the maximum 
discharge that bad passed or calculated to have been passed through 
the sptU.wcy channel was only of the order of 6800 curses (193.12 
cuseoa) as compared to the spillway designed discharge of 17,000 
cusses (482#8 Ounces), it  would be clear that the den did , not fail 

duo to ex a.ordinary heavy inflow than that for which the spillway 
and dam was designed. 

4.1.1. (I) (b)  DUN to inndeouati Free Board 

The designed top of dam was at R.L.2080 (R.L.634.0 a) 
with the beartiag ,top at A.L.2072.00 (A.L.631,04 a). The aazian 
flood. level anticipated during the peak floods was L.L,20?2.00 
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attributed to this cause. 

4.2.1. Zt(a) 

Dr. K.L. Rau # the then Kember (D & B),9  Central Water,  
& Power Commission thought piping to be the possible cause of 
failure. The piping visualises that damage first develops at the 
downstream and of what may he called a pipe in which seepage Flow 
emerges under too steep an exit gradient for the type of soil. 
Such a conifon gets aggrevated due to the enlargement of the 
pipe by gradual leaching of the matearial s  leader ultUately to 
subsidence of the dam above the pipe and its failure. 

At Pansbet #  a flow of d to 10 ousecs had appeared 
suddenly through the downstream rock toe about 60 above the crown 
of the conduit which was constantly kept under observation. This 
flow of 5 to 10 ouseas (0.14 to 0.28 cumecs) remained constant and 
did not Increase* As sub flow through the downstream rock toe 
would need sans other cogent explanation and the dam could not 
have failed due to conventional piping. 

4.2.2. (IX) (b) 

On 11th J r#  sum. small cracks wore noticed both 
in the upstream and downstream casing#  but no cracks were seen 
in the heart lug ao ne. There is no evidenoe of water coming out 
through these cracks. The dam failure cannot, t aerefor**  be 
attributed to this cause, 
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4.2.3. (1r)(0) 

The constant flow of 5 to 1Q cusecs (0.14 to 0.28 
camas) noticed at the downstream end could be attributed to this 
cause. Uri G.G. Dbaaak j Ex*Cbiet Engineer, Gujarat State and 
8bri 4.N. Pandit, Retired Chief Rngineer,  f Habarasbtra State and raagy 
others attributed this leakage to be the cause of the failure, 

4.5.4. (IX) (d) 

From the site elvdencot the cause can be ruled out. 

The foundations were sound and the positive out-off 
had been taken into solid compact basalt. There is no other 
evidence indicating possibility of a failure* Bence it can be 
ruled out„ 

44. (TV) 8I.01 FktL~'tT E 

Normally for steady seepage condition,, the downstream 
slope is critical, From a .l available evidence, the stability of 
the downstream slope was never in danger. It was in the upstream 
sons that subsidence was noticed which could lead to a doubt about 

the stability of the u stream slope. 

Stability analysis of the dam carried out by the 
slip circle method indicates that the dam section oven in the 
temporary waste weir portion was stable under a .l normal conditions. 
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The minimum factor of safety Zr the upstream slope under submerged 
conditions, according to the computations worked out to 1.55 which 
gave an adequate factor of safety# There was no drawdown of the 
reservoir before the failure of the dam but even for the full draw 
down condition, the upstream slope in the weakest section (i.e. 

temporary waste weir portion) gave a factor of safety of 1.27 
The failure of the dam could not therefore, have oocurad due to 
this cause. 

400. (V) 
~tbri S.B. Joet i on behalf of the tustitution of Xngtheers 

Poona and fcmbo Centre, bad put forth the hypothesis of the collapse 
of the conduit arch due to overstress caused by load of embankment 
above it.. Tbo design criteria adopted for the conduit was examined 
in detail by Sri A.C. $itra, Assessor to the Commission of Enquiry 
with Uri + osbi. They concluded that although the arch could not 
have collapsed on this account but there could be no doubt that 
Joints (between the two voussoirs) would open out at points of high 
tension and mortor would be crushed at points of high compressive 
stress and that the effect would be most marked in the central 
portion of the conduit where the embankment was highest (i.e. 
approximately In the portion of the conduit from 200 ft to 300 ft 
C ! } to 90 metres) from the end of the upstream transition box). 
The dam could not therefore# have failed due to collapse of the 
conduit arch under superimposed load, The commission also agreed 
to this view of the Assessor. 
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4. 6. 	From the above it would be soon that the probable cause 
be 

of failure could ittributed to one or more of the following'- 
(i) Cavitation and vibration 

(ii) Internal Erosion 

6..0. 	views expressed by the following experts in regard to 
the detailed mechanics of failure will now be discussed:- 

(i) Prof. N.e. Gorindrao, 4dvieor, Central Board of 
Irrigation & power 

(2) 	Dro, D.Y. Joglekar, Retired Director of Central, 
Water & Power Research Station*  hadakwasla 

	

3) 	Dr. i'adekart  C.R,C. tncbarge of Righ Head Section, 
Central Water & Power Research Station, Kbad walla 

	

.(4) 	Shri G.N. Pandit, Retired Chief Rngineer (I & P) 
M haraetra State 

( ) 	Shri G,G. Dbanak Ez..Cbiet &ngineer, Gu3arat  State 

(6) 	:5h-i A.C. 1itra & Shni C4. dada, Assessors of 
the Enquiry Comu ittes. 

.l.l, Vtexs of Prof. Govindrao 
Referring to the model studies conducted in the Central 

Water & Power Research Station, Kbgdakwasla, be thought that 
vibrations had been set up in the c 4duit due to successive 
pressurisation and do-pressurisation. There was also evidence that 

(I) 	Top seals of the gates were destroyed 
(ii) Connection to a bottom guide roller bad smeared off 
(iii) Concrete block.outs bad been damaged. 



Theco damagoa Indicated that cavitation conditions 
increased 

provailod in the guto region which must have cawsodlyibrationn 
in the conduit portion. Due to tbio cavitation condition and 
entrainment of air, a number of cavitation bubbles must have 
travelled along the flown from the vicinity of the gate into the 
conduit* Those bubbles originating in local regions of low 
pressure moved into regions of high pressure#  collapsed in the 

body floc; causing stress raven in all directions. In short aevero 
vibrations uoro caused in th conduit duo to the following 
reaso.nn$- 

(I.) 	Duo to air ontrainn►ont and release( in the conduit 
(ii) Due to oscillatory nature of flown of the hydraulic 

jump 
(iii) Due to cavitation bubbles collapsing in the high 

pressure regions of flow, 

The vibrations so caused in his opinion had components 
In the horizontal plano along tho longitudinal axis of the 
Conduit,, along a transverse ads at right angles to the longitudinal 
axis and along the vertical axtti perpendicular to the other axis. 

5.1.2, Prof. Govindrao rrhtl© explaining the offocts of vibrations 

on the conduit divided its length into the following four parts:. 
(a) Length of the conduit bolo w the heurting zone. 

(b) Length of the conduit under hoarting zone 
(c) Length of the conduit botueon the coaimonccmont of 

the hydraulic ,unp and the b3artinga, 

(d) Length of the conduit b3ttroon the tr..nsition box 

and the ccaoncomont of the hydraulic ,umpo 
t 



The longitudinal component of the atrocs travoa and 
connogOnt high pulsating pressures should have reoultod in shear 

tress waves eapecia.i.17 at thq croon and also at other joints of 

tba &rche ttany of the teenty thousand joints betwoon the voussoirs 
which were parallel, to tha longitudinal axis of the conduit should. 

have boon subjected to sliding or shear stresses in bet Teen thorn, 

This should have resulted In the abrasion of mortar, as they wore 

ground, and potrderod. As the poorderod mortar tell oft, U joints 
should have offered lava and lose resistance to flow through them 

In t?e vertical direction, Tbs transverse compononta of the stress 

waves should h,ve achieved tho some purpose in the direction of the 

innumerable transverse joints0 The vortical conpon3nts of the stress 

eravo might have further aggravated this abrasive action on the 

mortars 

With every hissing sound, there was an upsurges, Water 
should have piorcod through tile joints In arch (in the torn of 
spray) into the clay shroud and entorod the filter zone. Whon the 

upsurge pr©csuro lasting for a moment fell dolnD  the water Which 
could have tried to r+ ,entor the conduit found an easior path to 
escape donne troan through the rock too, This lookage through the 

rocti too boson constant trhon the lake reached its maximum level. 

Similar weakening of the vouasoir joints bad also tafton 
place resulting in water to spurt into the joints ovory time tibon 
there uac an upsurge. During the lots pressures, the water should 

have tried to floe back to the conduit s  carrying along with it 

57 
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some of the clay of tho boartin natoriald No doubt this pb)nomenon 

must bavo caused some interns, erosion and local sloughing 

causing subsidence of the bsarting0 But bofore any serious 

consequencc o in this length could take place, much more sorious 

action had already talon place in the upper reacboso 

(a) 

This portion was lying in the region whore tho vibrations 
due to air entrainment and releasoD  started the amplitude of tho 
vibrations, It van also c1coor to the centres of cavitation damage 
on solid boundaries like gates, sill etas As before the 
innumerable joints of the voussoirs got loosened. The water 
jet spray due to momentary upsurge got into the muruw soil of the 

casing, afterptorctng through the clay sbroudingo A certain 
amount of clay from the clay shrouding might have gone into the 
conduit through tho joints* A part of the jet spray got mixed with 

the clay shrouding duo to shaking given by the vibrations and Its 
resistance to deformation got weakened considorably6 The same 
thing bad happened to the rurim In the casing ZOnoo The caning 
portion above the clay shrouding should have got mixed with water 
more thoroughly than the clay*  Duo to constant vibrations, with 
ovary upsurge, almost synchronous with tbo hissing noise beard, 

water spray jet had shot through tbb murumo  The vibration 
comporpnts in the transverse and longitudinal direction further 
helped this procossp This weakened its sbering resistonco very 
considerably* It is also toll known that, in gritty coils lino 
murk, there Is likelihood of incroaso of polo pressures whoa 
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subjoctod to vibration causistj reduction of ctron3th4 Thus a 

phenomenon similar to liquifaction might have taken place. 

(d) 

The cavitation conditions in this reach bad offected in 
croation of stross ravoc only„ 

S is 

 

3. 	3 zinJni4jp,.c  

Due to the plc no onon o plained in pars 5.1.2. (c) abovog  

subsidence of the material of the upstream section of the bund 
started as the bottom layers were unable to sustain the ireiahto 
The longitudinal component of the vibrations had shaken this semi. 
solid mass violently. The clay portion forming the conduit 
shrouding and the clay of the hearting had resisted the impact 

and movement of this semisolid murum mass. Thus the only 
direction in which it could flown vast  towards the rock too. A flow 
ryas act up with the result that some of tho vatord.inurum material, 

an pushed by tom,  vibrations toirards the rock to on the upstream 

giving it a kicks The londitudinalq the transvorco 'and the vertical 

components of the vibrations specially from the cavitation damage 
had their effect in disiodin, the loose stones with vbich it vas 

built*  This todothor with the kick It received from the somi solid 

Durum naas9 every timos  there vas an upsurgo resulted in the rock 

too flattoning out. This in turns resulted in the sltdl n3 of the 
rock too and consequent bulging of the bund on the upstream side 
roculttnj in substdoncoo 



After the dam was overtopped, thorn should have boon a 
gush of mud slurry consisting of a m$ xture of water and earth 

dam matorial moving down the rear slope dragging with it the stones 
the rock too* Those stones might have heaped up of the dounstroam 

end of the conduit thus obstructing pasaago for the water passing 
through the conduit. The arch might haves tborofore 9 been 
subjected to full hydrostatic pressure equivalent to reservoir bead 
and the arch stones might have been pushed away on by on l along 
with the flowing water, As soon as is uplift was stopped (i.e. 
after all the stones collected at the D/S end of the conduit were 
dragged away) the removal of arch stones might have been stopped. 

502b 	of' L~ 	.._•'opt t I 

(a)  
Considering the limitations of the model# it was to ho 

in 
expected thatLtbo prototypes a discharge of 1500 to 1600 cusoco 
might have passed through the conduit., The flog must have filled 
the conduit tntoraittontly with entrained air which led to 
vibrations and pressure fluctuations. The high pressure head at the 

downstream end of the conduit# probably might have removed sozo 
of the mortar In the joints of the arch stones because at the D/S 
end of the conduit tb ovorburdon was very much less, Those open 
Joints adnittod wator from tnsido the conduit to flow outsido 
and along to conduit and this water might have app arod at the 
downstream side,, 
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(b) 	 sncJt  
Duo to oovaro vibrations, cracks appeared in the upstream 

marl aono and oottlomont began over the 30 foot width and in 

Una of the conduit alignrtento The vibrations in the three 

olomonts via tb gates, the tower and the conduit must have 
synohronicod and led to the dislocation of the rock too* The 

sliding of the rock-  toe which was holdinz the upstream filling, 

bad naturally led to continued subsidence of the upstream t murv!. 
Zoo 

(c)'  

After overtopping, the arch might have been uplifted and 

caused the removal of the part arche 

5,30 

Dr, lade s dons not subscribe to Dr, Jog3 ekar' o view 
that the rook too could be disturbed as a rosult of vibrations 

sot up in the transition boa and the retaining t aU0 According to 
him the possibility of the retaining wall bring disturbed was not 
more than 2$O He desert bed the mechanism of failure as under. 

The vibrations would craato stress davFes which would 

be transmitted to clay If those is a momentary riso In pore 

prossuro during the transmission of the stress w©voso  1°flot+" 
bocomos the only noana of relieving the stroas thuc produced0 
The flow combined itb the already roducod shear otroritb, would 
lead to a progressive flattening of the slopo starting from 
bottom upuardsq A largo scale siougbing of the slope might have 
started when cavitation vibrations assumed alarming proportions 



6 4 

undor high hood-u which incroased gradually as tbo vibratory loads 

continv do Observation of subsldenco exactly over tb3 30 feet 
width of tbo conduit though apparently baffling was perhaps duo 

to transmission of the vibrations to the earth slopes. Xiolding 
occured in tb3 form of gradual sloughing of tbo slopewhich was 
enough for t3 dam to be overtopped. 

Tile appoaranco of the flow at the do,nstrowt end of the 
conduit baa been explained to be due to disintegration of mortar 

Joints under alternating compression and tension waves and 
spurting out of water through those Joints* 

Skis. Pandit's evidence before the Commission had talon 
place prior to the nodol studies* Ho predictod the adverse Slow-

conditions in the conduit and opined that pressurisation and 

severe vibrations might have prevailed in the conduit. The dynamic 
forces created and accompanied by altornato suction= and pressure 
might have led to disintegration of mortar in the joints of 
voussoir which may or may not have rocultod ultimately to th© 
dicloding of the voussoir . Sufficient natorial would have been 
sucked in through the open Joints of the voussoir blocks to Toro 

a cavity vtth&n tea inporvious cone above the arch, This cavity 

would progressively extend In an oblique direction toe ardc the 

upstream taco of the impervious zone. Tho cavity Could remain 
within the Impervious zone by arch action in the cohesive material, 
l'Jitbin the nuru sow hot over no arch action ran possible and 

tbo material for tbic sore would continua to bø drawn In the 
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cavity in tho Impervious zone causing a progressive collapso of 

tko ourtn E000o 

The leakage at the downstream too was explained as duo to 

spurting out of the water under pressure through open jointn, 

8,0  510  !Mi. 	E G,r Ge )harp 

Referring to the toot results of the modal ozperimonts and 
considering the limitations of the model, he opined tbst the 

pressure fluctuations in the prototype might have boon perhaps 
a 

otCbidhor order..*  The conduit was of course D  not designed to run 
full bore or for any Internal, fluctuating pressures because full 
design discharge would have been obtained by smooth hyperttical 

flow confined well bs10 r' the springing of the arcb,, The effect 
of the internal fluctuating pressure on the arch must have been 
to shake the arch rings from within and since the frequency of 
such pressure was high, tiara would be continuous hammering under 
the arch ring beginning from almost the 7th July, when' the conduit 
started running full bore to tho 12th July* With these vary largo 

internal. impacts superimposed on tho high frequency vibrations 
to which the ontiro system vas subjected, there must bavo boon 
considerable amount of fatigue in tho mortar resulting in loss of 
much of Its strength* In addition, perhaps duo to the disintegration 
of the mortar, water must have surged past the joints disrupted 

the nopbalttc layer and reached plastic clay fill* The ropoatod 

application of water pressure and Its rovornal must have washed 

out some clay whenever the joints oponod to an adequate magnitude, 
Thin could have happonod anywhere along tho downstroam half of the 

conduit whore the formation of otanding wave and positive prossuron 
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are tcdicatod in t& oodob. Tt local urasbing out of the clay 
frcz joint to joint could tond to ootablisb at placoo a 
continuouc path along the extrados of the arch and the loaIago 

of such joints In or ahead of the rock toe must have appoarod 
as 8 to 10 cusocn flow steadily passing along the downstream 
face of tho rock too* This washing out of tho clay must have 
rea~altod into unbalanced earth pressure on the arch0 This 
coupled utth tin loss of mortar strength and the impacts of 
internal fluctuating water pressure must have throvn the arch 
to a condition which would lead to formation of local opening 
probably at more than one placoo Into these small openings that 

moors croatod in the arch g water must have surged up and down 
a number of ttmeet washing out each time some quay tity of clay 
which progressively increased the size of the cavity* Since the 
material was plastic and the direction of the maximum load was 
upwwardu, the skin of the cavity must have gradually fallen out 
progrosstvoly towards the top. 'tSby oxactly It should have travelled 
to the upstream edge of the top of dam is highly speculative, At 
this points the physical avidonce lends support to this conception 
of failure. In the dotmstroam slope of murum, two parallel cracks 
were observed which oust have been due to for lone of support 
from underneath, Tat progroosstvo formatto4 of the cavity and 

washing out of the clay wan relatively a slow procosav because 
of the heavy conpactton of the clays 

Ethan the water was cascading down not only from the to ?or 

side but also from the other two arms of the U Formed by the 
conduit cuts It must have falbon with a terrific impact over 
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tb conduit and washed away Its cntiro downstream part which 
wqo already shaken. The upctroan halt of the arch still remained 
intact probab,~y because this arch was not woakoned by internal. 
impacts and the water cascade did not act on this part for a long 

period as Us breach aunt have swung down to the river bad 

before water had an opportunity to destroy the remaining part 

of the arcbo 

Sbri Dhanalt while admitting that there would be intense 
vibrations$ pointed out that the vibrations could not be of 

such a severe character, and of such amplitude as to cause 
movement of the rock toes 

6.6; 	 ' 
(i) 	The voussoir joints of the conduit arch wore ovorstressod 

in the contral portions of the conduit loading to crushing of 
mortar ut points of high compressivo stress and opening out of 
joints at points of high tonsiio stress# 

(it) The vibrations at the gate structure worn transmitted to 
the portion of the conduit arch and ita intensity was sevoro in 
the portion adjacent to the transition bozo 'Vibration would have 

developed around and July and increasod pro rosaiv©ly with the 

rico in recorvoir lovol. 

(iii) Thoso vibrations causod roadjustmont in tb3 backfill 
adjacent to the conduit arch by consolidation of the S ft thick 
layer of co.aparativoly to er density clayey material placed at 
consistency of 3 percent over optimum moisture content in bauncbas 



and imiuQdiatoly over the arch. 

(iv) The road] ustmont of mato ~&a]. in tin backfill accompanied 
by some loss of material underlying the rock toe into the conduit 
through partial opening of joints in this reach, caused consequential 
settlement louuing, in its turn, to dovsalopm©nt of cracks and 
openings in the superposed casing material in the region adjacent 
to rock too. These cracks permitted ingress of reservoir water 
under prossuro upto the tzet consistency material underlying the 

hearting sorzo. 

(v) The roughness of the unconcreted conduit floor gave rise to 
pressurised and pulsating Slow. The fluctuating outward pressure 
rendered the stability of voussoirs vul,nurable against outward 
radial thrust and caused some of these to be displaced outwards 
leading to formation of openings due to iridontnIj of joints. 

(vi) Such openings provided passage for inflow bearting 

material locally duo to tiny jets working In alternating spurts 
as a result of persistent surging action of pressurised water. 

(vii) The openings formed by the loss of bearting material, got 
Interconnected above the condu&t surf4co to form a continuous 
path from the upstream Saco of the dam into the conduit through 
the displaced voussoLr joints. Leakage of reservoir -tator through 

the paosago tondod to credo out !thor material from the upstream 
casing zone The casing material tended to i2ow out more ousily 
oinco the little cohesion It had under placement condition, 

would bo practically lost on soaking; and cracking in lower layors 
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duo to vibration* Tbo nizo of the continuous cbannal incroasod 
gradually as Qoro and c oro oatortal was eroded and flood into the 
co duct without boing initially obsorvad at the down stream- toot, 
Later, ut3n tka path had enlarged sufficiently due to progressiroly 

incroasing erosion, and the resulting discharge could not pass 
through th3 openings in the conduitq  it started making tray 

douns tro-aa until. it got access to the downstream rock to 
through ubich it flowed freely and where it deposited the coarser 
suspondod oatortul.. Thus the leakage of b to 10 cusec5 appeared 
suddontly on 10th July* By this times  considerable internal 
damage had already occursd to the dam by way of loss of material 
from the upstream casing zone into the conduit,  The  upstream slope 
ultimately started sinking from tho top when th3 upper layers 
could not stand any longer due to loss of material from the 
lower layers. The subsidence could not be made up by dumping 

earth filled bags since leaking water was carrying more material 
than could be resorted by dumping. The  subsidence led to ovortopptng 
of t ib dam. 

(viii) After overtopping started and overflow of reservoir water 
got into its strido, chunks of compactod eibankient material and 
stones from rock too must have been oroded duo to the forco of 
guohing water and deposited in front of the conduit ozit, lauding 
to Ito rotting tonporari y choked0  Failure of the conduit arch 
by bursting in the downstream portion, where the ombaninnont had 

been masted away, rocultod because of high Internal, pressures 
duo to choking of tho ozitq 



To oixarioa  tbo failuXo of the Pmnshot Dam has been 

ascrlbod by tin to a combination of tb oUo n causes and 
circuastancoss. 

U) 	Unfavourable hydraulic floe conditions 
(prossurisation and surgir ) In the conduit. 

(it) tIalfunctioning of the gate control oquipmont 
resulting to severe vibrations and cavitation* 

(iii) Ovorstressing of the conduit arch of voussoir 
construction and consequent opening out of joints* 

(iv) Incompleteness of the section of earth embankment 
in respect of top level of heurttng and casing 

in the temp. W*W, section where overtopping 

took place. 

(v) Extraordinary adverse meteorological conditions 
which led to extremely rapid filling of the 
reservoir, This prevented internal adj ustmen 
and self-healing of the dw,m 4 



CRAFTER . 8 

1. 10 From the various views regarding the cause of the failure 

already discussed in Chapter 71  it Mould be seen that there is a 

considerable difference of opinion about the cause of the failure, 
The commission of onqutry nxprosse4 the following views. 

"Judged by any standard, the theory which I an subscribing 
tot  is more sound than the one-aided views put forward 
by the protagonists of different theories, each of ,hom 
is emphasizing the Importance of the breach of study to 
which he has devoted his life. Z do not, however, claim 

any originality for my theory, I have only tried to take 
a whole and Integrated vtetr and combined only the most 
rational elements in some of theso theories$  which appear 
to no to be soundok' 

1e20'LW& OF °' J 0Xt 5 	3 R8G AD G TIM C. 	OF 	. T f,URZ 

Cavitation had occurred and as a result of which intvnco 

vibrations had been set up in the conduit, The main reason why 
cavitation conditions arose in is transition box and the region 
of the gates, was the partial opening of two feet In both the 
gates which were not fit to bo used as regulatory gates. Such gates 
wore suitable for full opening or full. closure. Had the gates boon 

completely closed, no flow would have entered inside the conduit 
and the whole mischief would bavo been avoided, The other factor 
regarding the gates was that they were kept suspended on wire ropes 
and not fixod in a propor war. There was also a dofoct in the 
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manufacture of the bottou flange with the result that the jot 

would alternatively cling and spring out clear* upon tb3 gato 
was raised more than nine inches $ the sealing effect of the top 

seal, was nullified and water gushed in through the opening, 
fouling the air vent and creating an additional discharge. 
Negative pressures were created in the region of the gates. 
The conduit also ha c been pressurisod and conditions akin to water 

mar had occurred in the downstream portion of the conduit* 
Vibrations had boon intensified as a result of the fluctuating 
flow inside the conduit. Stress waves gust have radiated from 

these vibrations* 8 is difficult to say whetter these stress 
waves lod to unsettlement of the plastic fill above the conduit 

bringing down the upper layers of casing in the process of flow* 

That possibility$  however$  cannot be completely ruled out* 

The commission, was however, inclined to the view that 

somna of the joints between the voussoirs must have oponcd out 

on account of vibrations due to Internal pressures superimposed 
upon cavitation vibrations* The water spurting out from these 

joints at different places could create cavities to tb clay. 

The cavities might. have grown bigger and joined eich other as the 
process of leasing of grater continu d. The C4mai,asion, however, 
thought that the process thus sot up -would tako a long tiniQ for 

the formation of a pips for the passage of mater. ft was more 
inclined to the view that there could be thorough shaittug of the 

voussoir atones by the coibinod effect of cavitation vibrations 

internal fluctuating prossuron9  joints opening out and widening 
by the continuous spurt of water, The atoms of the arch9  which 



was already overstre5god~, might have moved or shaken or thrown off. 
A few stones could buns been bu=ared out above the normal outer 
surface of the arch. On account of the above iVpact, wedge action 
of the arch was lost and when thtc .ha aened) a stuns or two could 
fall down and then so .xaore stones in that area could also full. 
down in the conduit. A microscopic moment of one stone in the 
outer direction would make tb adjacent stones free from co+astraint• 
Once a ,stone was removed fret, the constraint of the thrust of the 
lnecr arch, it could be pus3sd. up by the outward radial thrust 
of the ,re sarised and pulsating f1OWa When one stone bad thus 
moved out,$ the snaU opening would have beco to bigger on account 
of further washing out of the clay from behind the opening and 
on account of the internal fluctuating pressures$ the stores would 
have fallen down into the conduit# This would create local openings 
in the arch rings.. The locution of the occurrence of the phenomenon 
of one or two stones fulling down could bet in the first instance, 
somewhere below the downstreas of the centre line of the acct* 
The process of dieplccement of the vouseotre would progress 
upwards and the pressurised spurts gushing through the opened 
joints would create cavities. These cavities would get inter. 
connected$ thus creating a widening passage for the lose of soil 
material: The process described above would lead to subsidence 
of the upstream casing. The dislodgement of the stones would 
also lead to a flow of water which would appear at the downstream 

end through the rock to... These two phenceonon viz,, t e flow at 
the downstream and of the conduit and the subsidence of that 
Upstream casing* were the effects of the same cause. At the same 



time $  the two phenomenon might not necessarily be connected with 

one another nor was it ncessary that they should occur 
simultaneously* 

The weakening of the arch and the actual falling down of 
some of the voussoirs would make the arch flexible with the 
result that either as a result of uplift pressure developed at 
the downstream end, or as a result of overflow after the dam was 
overtopped, the downstream portion of the arch could be washed 
away. Although)  In a sense, the washing gray of the downstream 
portion of the arch, whether it bad been due to uplift pressure 
or whether it was a result of cross flow was an independent 
phenomenon and was not necessarily connected with the failure of 
the dam and had in fact taken place after the overtopping. Still, 

°the commission bad grave doubts as to whether the arch could have 
been washed -away merely as a result of uplift or cross flow 
unless the arch had been thoroughly shaken$  weakened and fallen 
down at places... rn other words$  the displacement and removal of 
a few vourssoirs, was the starting point of the process of the 
failure or the darn. The cause of the displacement and removal of 
the stones was the combined action of cavitation vibrations and 

pressurisation of the conduit. 
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After th broach of t113 Aansh3t and fbadakaola Da o on 
12th July 19Cla Govornueot oftahaaahtraq trhilo appointing a 
ono nan oozziicaton to go into the causes of failure of tb000 dams 

directed that until the o icoion's findinge Coro available, no 
iooOfltitctjon iorkson both the darns should be undortkond 

] l4 Thoro mo lot of public criticism regarding is advisability 
of constructing embankment darn in high rainfall. areas like 
Panohot and Warasgaon0 As tho Panshot and Ithadakttacla storages 
bad ceased to OZLOt g tb3ro was a good opportunity to review all 
prori,ous proposals regarding building of storages in the Mutt, 

Valloya Accordingly tho Gororn nt of I abbarasbtra, appointed a 
high loda3, ocajatttoe to stvzy tho coniploto dorelopniont of the 

flutba Va].boy iator resources available at the oddiiting Khad rasla 
Dan site and to r ocomnond suitable storago schenoo,0 After 

prol,tminary ozrenination the committoo eonstdorod the following 
to be the possible altornatino sab=ost.S 

Bobo 	I - Construct ion of a fl3tI dam at Khad racla 

$C I O II o Construction of a note d& near village 
Ia3.Irhed iao* (in betuoon Panabot and 

L badahva sba De fl of tee) 

Se o III Q Stronrjthoning of the ousting hkadakuacla 

Dam and construction of to storage (Ions 
ono at Panshot and the otter at tJart~ogaono 
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12 Deo to tbo broach of tho K daIitia3a DamD  the tiator supply 

to tho Poona City and its Cantorrnlontp non4rrigation supplies to 

tbo Industrial area, around Poona t  poronntal. irrigation on tbo,. 

ortnting flutha Right Bank Canal upto ntlo 12 and coaeonal 

Irrigation upto nib a 30 was seriously alfectodo Tin domestic and 

induptriab tyator supply waa tcmporart1y rootorod by pumping orator 

from 1ialshi dam In a noigbbouring valUoyd 

TbZ) O=ittoo after scrutiny and preliminary invont gationv 

of 8obon xB for trbtch investigations. had not been made earlier, 

finally rocozamondod Seb mo !U ' for adoption* t3btbo making their 

recommendations tb3 ccmnittee had in mind the very high cost of 

providing pumped rator supply to Poona City and Cantonnont from 

Nubnbi Dan and that tho adoption of Solemon I and II would 

nocoscttato this arrangement to be conttnv d over a much longer 

poriodo 

2Q  

Once the scheme for conatrueting tt o independent dams at 

Pansbat and Uarasgaon was ftnalioed by the connitteop tho 
following two abtornativon for tho  Panebot sdto wore ozarainodao 

tbethor an ontiroly noti dap near the old Otto 

1Oubd he proforabbo a 

or 
(11) tfbetbor the ozinting dam could be .roconstructod at 

the ortattng ntto utiltzin; the rona24in, dm and 
other vortsa an much au poaotbbo0 

2 16 Wcasbbyg from economic eormidoratconu ono bad to4for the 
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proposal (Li) above If found technically sound. The quantity of 

earth work which was standing still was of the order of 89.65 Heft 
costing approximately Aa.i.2 crores. Besides,, there were several 
other existing structures such as outlet 	tower$  approach - bridge, 

piers eta which co 4d be made use of, .lowever$ before deciding on 
the adoption of the renovation scheme it was necessary tos.. 

(a) examine the condition of the site after the failure 

(b) establish the reliability of the standing earth 
dam portion. 

2.2, CQNDtTTQN 	Tg 8IT'$i TER TUE FAILURE 
2.2.1, WT1DAM „ 

(I) The earth work of the d m between Cb„'700 to 1600 
was washed away leaving nearly a vertical face at 
Cb.1600 as shown in Drawing No.8, 

(it) All the overburden of soil and murum on the left 

flank had been washed away by the cascading flow 
after the breach leaving exposed bare rock 
(including the portion between the waste weir cut 
and the natural river course) 

(III) The natural river course was reNestablisbed. 

(tv) The upstream casing zone near Cb, ]6QQ bad slightly 
bulged and slushy material was lying In the natural 
river course. 

(v) Some longitudinal cracks were observed at the top 
of dam, 
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(U t) 2Da £'OC on tbo OU t2oc3 rrfo d 	lb3cl in sono 

porttonc ovo b7Ond Gh0 iGOO 
(vUU) Tbz tct 	an2 t1 conduit arch $or o lon3tb of 

2 ft on tho ax t 1 atdo romatood in tao 
(viii) Rztaopt for t#3 tou o'uako aonttonod In (v) abovop 

th rocatnjn oartb Bork of about 50,E t Matt t,ao 
Intact and appoarod aorvic00 ,0o 

A dcop gulboy tan noticcd in t r tut2. cunnoZ4 of tor 

functioning of tho cpi1tiq and this gulloy wus dLn to fi►ho 
volcanic br000ia laijor .mat with at R L020cG0oo0 

23l. Tbougk2 cord tosto tioro avui, ablo, it i'aa a000idoafod 
no aoae g to ~a diotmr bad € a 

 
j, lo fzoa tho £ to nd ina on bun!w o nt 

to aocortatn 'fib ino&t abruatorutiaoo Undisturbed auaplaa 
f r town at Cb0 19O0O 2100 and 	 t~o'o ao .00tod by tho (ontza 
1ator4 Pot o' f3osoarcb 8 atjono Ladahtraol a and tho foloiin 
taato tf'oro aondustods 

(1) 	Attorbra to limits 

(I1) in ottu cotot r contonn and dal donait 7 
(111) Und.,ainoc1 tgtcuia1 tocto for t) a'tin 

o row1to of thaoo toot oapka arc aivon torondora. 
(I) 	1► ttorbora ° a L tr t a nos about 00 

P iotl+a Licit 	- was about €o 
P1aottott tuttoz - ,bra' about SO 
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(ii) & (iii) Zn•situ moisture contents, dry densities and 

effective stress parameters for a few sampliss- 

Chatnage , Insitu 
'noise 
'in s ' ' 

'Dry density 	' 
in ibs/oft 	' , 

Effective Stress (Undrained 
test 

Cohesion in ' Angle of internal  
i r p,s.t. 	' 

! 1 ! 
gross 	tan 

I 
I ! s 1 

2100 	27.1 102.7(1650 kg/ 1440( 70 30 	0.57 
owa) . sq. )a~_ 

CUM) 

(ii) 264 100.8(1610 kg/ 
cup 

1900 	28.4 	94.7(1520 kg/" 
cum) 

	

28..6 	96.2(1540 kg/ 
cue) 

	

1584(0.7? kg/ 28 	0.33 
sq cm) 

	

1296(0' 63 kg/ 32 	0.G2 
sq. cm) 

	

1728(0.84 kg/ 40 	0.83 
sqr cm) 

	

56 (0.28 kg/ 34 	0.67 
sq. em) 

The designed values were, as unders.. 
Dry Density 95 lbs/ar't (1520 kg/oun) 
C - eoo lbs/sft (0.29 kg/sq.cm) 
tans *0.35 i.e. p at i90 .. 30 r 

Thus the in•►situ characteristics were found to compare 

very favourably with those adopted for design. 

2.3.2. To assess In-situ pernisability of both casing and bearting 

zones of the existing embankment# bore bole permeability tests 
were taken for the casing material according to the procedure 

laid downs under designation 9.18 of the U.S. B.R, Earth Hans. 



Tho rooulto of tho pornoab$UUty toots of tho casing Coro 8ountt 
to bo as candor 

2100 	 On '9/S borm 	10,600 8/year (0001 
at B4 , 	on/coo) 

SSt'2~ 	 ~tia 	 BV200 ft/your (0.00? 
am/coo) 

200 	 1,20O ft/your (0.015 
cm/coo) 

Tho abovo test results indicated that tho Cusint3 cone 
was sufficiently pervious to justify ttm design assumptions made 
regarding' tho dra-r.dotsn pore pressures in tbo upstrean casing 
zone in tbo stability analysis 

SimU. rlyt after collecting the undisturbed samples 
from tho hoarting ,ono at Gb,2100, permeability test wits carried. 
out by tho C.II.P.A ¢S. and it ran found that tbo permeability of 
tb boarting material was of the order of 6 ft/year (3a8 3L 10. 
cm/sea). This quite clearly sbottod that the bearting material 
avai: blo from the standing ombanl lent tray i orvioun and 

could bo rolled upon as a ooro'o 

So 2, S. To accortain tho doptb of the longitudinal cracks w12icb 
iroro noticed at tho top of do after tho broaob So troral trial 
pits voro takone It tau nottaod that tho crachn did not ortond 
boioa. 8 toot (204 W depth.. Tho width of tbo craot s raas varying 
from, 2° to 1" t~bicb ptncbcd off Hboro it not tin boarttnQ. Sono at 

a dopth of 00 (204 n) 0 The oriontation of the cracks trap nearby 

vortical.., Thoco cracks nano ontii'oly local and no mount or 
~o~23y 

,»r ,. ;uav IIRIIV~'PC'rV IF ROU " 



• 

slides were noticed both on the upstream and downstream slopes. 
Even the pitching on the upstream of the standing embankment had 
remained intact,* The embankment was therefore considered usable 
after stripping the top 16 feet.* 

	

2.3. 	After the above examination and investigations, it was 
decided to adopt the scheme of renovation of the existing dam. 

	

3.1. 	The following aspects need to be considered for 
accepting the suitability of layouts 

f 	The junction between the old embankment and the 
now work 

(it) Location of outlet 
(iii) Diversion arrangement 
(i) Peak work load during one season 

Creation of partial storages so as to enable the 
dam to be sub..je at to gradual filling such year. 

Obviously the existing embankment should be stripped back 
to such a slope as to admit proper compaction at the junction 
with normal compaction procedure. After examining the practice 
adopted elsowb re and discussion with U.S.B*a..engineers It was 

decided to strip the dam face to a slope of 2.I to 1 y and to 
provide additional keys in the bearting zone so as to obtain a 
proper bond between old and new earth work.. 
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Solo 

Tb only aultablo and economical location for outlot 
in in tho temporary wasto weir out t biob was adopto+do 

Tza 034 arr angornont of divorting the floods during 
monsoon (ie through tbo tonporary raat weir out having Its 
bed at R.L81958 (RQL06~D8088 p) was oonnidorod most a4tablo 
and wao adoptedd 

Tho following likely alternative layout proposals bore 
examined from the point of Viot of tholr suitability of 
keeping the peak load within reasonablo lirnito and the 
requirement of admitting gradual filling of the reservoir 

Utilization of all the oxtoting atracturo oxcopt the 
arch conduit, provision of a R.00C0 bon culvert for the 
irrigation outlot iitb masonry back filling In the out ipto 
I1Q 1906 and sotting back of nlopos of the out to 3 A to 1 V 
for proper oarth compaction and rostoratiom of the earth 4amo 

Savo an Propocal t oo Y t tth masonry back filling upto 
the top of the cut Viso 82o2Ot0* (no hotting back of tk 
obopoc of out roqutrod) 0 

Sam as Proposal 1O Y with masonry back filling in the 
out upto 10 it9O and cotting back of olopon abovo R1. is?O 



(1) 	Provision of a gravity non..ovorflor, noaonr7 dart 
on the left flank and ovor the Ta tl.U. out (with 
all outloto In the body of the dam)* The rasonryj 
dam to continuo for a length of about gt feet 
(24 metres) on the right flank* 

(2) Provision of a divide wall at the junction of the 
masonry and the earth dana, 

(3) Restoration of the earth dan on the right flank 
beyond the divide wall (Boo Drawing No g 

3o Re 10 The relative iaorito of these proposals triU now be 
discussed* 

The programme of works In this layout would have been to 
divert the floods of the 3st and 2nd soason through the temporary 
rraoto tio&r cut too, ovor the naoor 7 back SiUinE at R0L0l$$l~0O© 
(R QL a 89h,, 86 m) b In the third working season the backf llIng of 
the T,W01 „ out would bø required to be completed to the top 
(Mo2O97) to pass the floods through the F.WoU. (the bad of which 
is at 9440020 ). Thus the dam would be subjected to practically 
the full k drostatio Brad of 10?' In one season which as toady 
statodv wao not considered desirable from the point of v9oow of 
difforontial oottle©onts of the old and the new ombankmnto and 
the joints This proposal taa consequently found unaccoptabbo0 
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In thin propovaly tho dit7oroion arrangononto could be ono 

of the follotring s- 
) 	Do the masorry filling upto R,L03970 In the 

temporary uas to weir cut in one season and pans 

the flood over It and conpleto the root of the 

masonry and the earth to a safo betgbt to pass 

the flood In the pa wo wa channel* 

(it) Comploto the entire masonry In the out and the 

dam to a safo height for passing the flood In 

the P.W*Wo channel in one season, 

The alternative (it) in effect to similar to Proposal III 

which trill be discussed later0 

In the alternative (ii) 9 the qu ntity of masonry 

involved bettroox RZAID&G (R0LD049088 n) to RgL02O04 (R0Lo 600n 6 in) 

would be of the order of 2a S 12cft (7 z 1.06  sins) Such a hugo 

quantity of masorn' T dould taho 6 to 7 months or completion duo 

to apace restriction0 The ozocution of earth uorl invo3.rod 
abovo RoL020000.O0 (R*Le Gp9a 4 n) In the T0UQ e, portion being of 

the order of 18 t2att (Bo z 104  cum) vas not easy to accomplish 

in the ?ooatntng 2 month period and involved an element of riot, 

The schema tray theroforo not considered foaatbloo 

In this proposal. the TolloWe cut until 1, filled v.th masonry 

upto I1 19?4 can be mod to pace the flood vatoro* Thoroaftoro 
it mould be nocosaary to comploto the d,m to a safe height for 
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pa€ vin,3 floods through the P-tJo%J4 ohannol in on soasone The 

only objoction in this layout  clan that the jtnction bottroon the 

old oarth and nail oarth work sou1d have been subjected to a 

hydrostatic head of 981  (28004 a') (RoL02O 19?4) at of go 

ib2ch tras not considered safe enougb0 This proposal, though 

suportor to g and ti, irao consequently re jectsd0 

Though in this layout the toWerp approach bridge piers, 
trash rooks eta* could not be utilized, It vas considered most 

accoptable from tb following considerations=. 

(a) iartb work quarries arai.lablo nearby were already 

consumed during the construction of the dam prior 

to the year 19619 thus the required quantity of 

material for the entire earth dam especially 

the hoarting material was not available within 

reasonable loads0 Therefore, any proposal involving 
reduction in tho quantities of earth cork was 
proforabloo 

(b) This layout permitted gradual raising of the 
storage which was considered very desirable from 
cafoty oonoidorottono0 

(c) Partial storages during the construction period 

would be created which could be utilised to 
develop irrigation simultanoouoly, 



M • 

0 

(d) 	The masonry daa in the temporary waste weir cut 
provided considerable flexibility to the 
construction programme for the earth work. 
Depending upon the progress of the work in the 
earth dsa portions the raising of the masonry 
monolith in the temporary waste weir portion 
could be easily adjusted to suit diversion 
requirements. 

This layout was!  tb ►reforep finally decided upon for 
adoption. 
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1.0. SG 
Zn order to utilize the ?d$ reliable yield at the 

Khadakwasla Dam site of about 37,000 Maft, the high level cointttee 

appointed to suggest the most suitable scheme of development of 

Mutba Valley recommended creation of the following storages#- 
(1) Existing badakwasla Dam 	a 3000 Moft 

(1i) Panebet Dom al05W matt 
(Lit) Warasgaon Dam a 13000 Mott 

Tho existing Kbadakwasla Ism has been strengthened and 
rebuilt where it was breached, for storing the same quantum of 
water, The Parsbet Dam as cc nstructe.d was designed for a live 
storage ,ot 7000 Haft at R.L.2062,0 (top of dam R*L.208O*OO)o The 
reconstruction scheme takes Into account the Increased storage 
requirement of 10,500 Motto The dam will, have a storage of 7000 Heft 
upto the spillway crest Level. The full storage of 10,500 Mott 
would be available when gates are installed as demand for water 
increases. The control levels for the dam as built in 1961 for 

Its renovation are given hereunder: 
_,,~ 	Pet 	Control Levels 	Control Levels 

for the dam 	for renovated 
as b* i1t In 1991 	dam after its final 

develoixtent. 

1.  River Bed R.L.1900 R „L.1900 
2.  Irrigation, outlet g.L.1936 A.L.1950 

sill 

3,, Low water level R.L.1950 R.L01950 
4.  Fi8.L. R,L.2052 R.L.9086 
5.  R.L.9072 S.L.2089 
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t0 	Top of Dam 

70 	7pweIr Unato 

8. 	Livo Storago 

00 	Oroso otorago 

R0L02080 

0 on Ch anwl 
1181 w1do trith 
b d at RaLp80Q20©Q 

9000 tIoft 

9200 Roft 

R0A0209? 
OCoo oroct at Robe 
20?860 with four 
taintor gatoo 
4.plr.16 a 
10,000 Haft 
1p eoo ZoSt 

2.0.  

Tho ronovatton of the PansIt. Dan Involved thD following 

works 

(2.) Construction of a nor oartb dam bottoon Gb.U.100 

and 14006 
(Y1) 8 trengtbning and raising of t8m ex, et.tng earth 

dun tttoon Ch„ 1600 to 3000, 

(It) 	Dd~D 
(1) Conotruotton of a masonry dam bottoon 0b11OO to 

tb 3,oZt obutraont (Cba .nago 490) 
(it) Conotructton of a masonry dtvtdo toll at tho 

junction of the earth and anaonry damns 

C1) 	Jidonina t tall channel from 178 ft to 184 ft 
to suit thz ovtood roquiromontc 

(it) Protootton of the tall obannol (agatnot 
rotrogrocnlon duo to tki ,o ,canto brocatm 1,tor) 

T oo uorI o bavo boen dtecusood in the oubcoq ent 
pmragrapho. 
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50 o6 	BJW& 

o Sl 9JA1RRJ&XJJ  

Tom, section.: adoptod for tt3 not? earth i ark consists of 
tkio foilouing zonou-0 (Rotor Drawing Nos ii) 

(t) 

Top width 1p' tth its top at R*L62O830C 
U*S o Glopo 18]. and .)/S slope X11 

On the dotnstroar sido of the b3arting, a filtor drain 
(71 thick sand followed by b' thick gravel) has been 
provided from £]o2O86 to 21 above ground leve ,o 

(tu) 5~~i~ !~~ QU_ 

Thy filter drain Is fol ow0d by the ssmtpervtous Lana 
(rand till)0 Tko cot], isod in this zone has coarser 
tezturo and bottor shear strongtb0 Tb DF/S slope of 
this som to &= to 

Both tbo honrting, and the aointc.porvtouc zone to 
protected by the pervious casing consioting of good 
hard our z T bo uo troen slopes are varying iron 2 5 s l 
to 30 6 81 and tho D/S o ope s are varying from 2:1 to 3$].  
as shown In Drs,'rtn Noe 1la 

Hoch toot of h31Bbt oq . to b/G (iii rro b c baud of 

vator on the uotroac) bavo boon providod0 Tho knoido 
' 	 facto of the roc7z toot ban boon provvdod with quarry 
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opabls and fit' to 	stono natal to act as transition 
filter botroon tbo caging and rocic too. 

Tao feet thick blan?ot of band packed rubble placed on 
two layera9  ono of C' thick quarry opals and tbo other 
of 6 thick 1'f11  to 2' ntzo Aotal to providod on the 
entire faro to protect the; slope from wave wash. 

l2t thick flat pitching underlain bit ' quarry opals 
has been provided to avoid rain cuts $ The Panshot dam 
to itcatod in 1OO rainfall inobytol and as such• 

protection of the do nstroam face in essential0 

From the above it would be soon that the zones in is 
broached portion of tbo earth dam (i000 no oartb t ork) have boon 
maintainod nearly the sago as adopted earlier (i0o0 section prior 
to broach) ozcopt for the ,upotroaa slope of tho boarting ubtab 

has been roducod from 1.20 1 (H to V) to 1s 14  Thiswas done to 
reduce the quantity of h3arting which had to he transported from 
coiiparativol<y longer loads,, . 

The other principal deviation from the old zoning pattoro 
to the provision of an tnclinod falter drain in the body of the 
dam from R0L02080 to appro3L0 21  abovo ground lovol This filter 
drain is connoctod to croca-drains as indiaatod in Arguing No0l20 
An inch nod filter drain ties also provided In the old dam at an 
intermediate Otago oS construction from R0b01983000 to R0L02O4O,0O extended 
which has boon(to LL 02480 vertically as nhoun in Drawing Lion 130 
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D/S ROCK 
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7
/ IEXPO' EXPOSED ~~ 	 ,D/S TOE OF STANDING 

/ ROCK 	 r EMBANKMENT 

TOE DRAIN AT THE D/S TOE 
OF S.P. ZONE) 

~ 	NON BREACHED PORTION 

1toEOR)  

_~ 	TERCN N ~F3 1,CFiE~,) 
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_ 	 _ 	X20 8Q 
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Tb old and n3tr 88ltoro ham boon Joinod by inorGasing tb3 thicl noos 

of tea f2ltor at tto St otiono Motor Drawing Il3) 

to th no broacbd portion (standing portion) the top 

portion of tb dam upto R0L02OO .00 was removed beforo it Liao 

rainod and otronttb ,nodo Tilo dotailo are nboun in 1)rariing Nos 13 a 

so• 

As otated earliora the in-situ charactoristfco of tl 
standing c banknont aero ascertained. In addition, the data 

collootod for the original design of the embankment and tho 
plaoczent data collected during construction of the dam (prior to 

t}3 broach) was analysed for docidi.n3 tho dosign paramotorn for 
tbo various zonQoe 

Fronb borrow area tnt ootigatione Toro also carried out 
of 

to ascoco tho availability 	bankment aatortals0 Ropreoontativo 

aamploo troro collected fros the co borrow aaroau and toatod for 

difforont proportiosm Tin shear purarnotorn Toro obtained by 

aonductiot conoolidatod quial (undrainod) obosr toots in boys 

choar apparatus on saturated o& pled conpactod at nodifiod proctor 

offort at O0L .00. 

Tbo doojgn vabuoa for the stability cnalycia of tho 
broachod (iQo„ not oartb taorta) and non~broachod (i0o0 otandh6 
ocbanInont,) portiono of the daa arc ou.ariaod bol as 
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8.No + soil Property ; seaming semi-pervious I Casing 
t 
• B.1'„ 	r N„B. P. B.1'. 	N.B. P . We t N.B.P. 

r $  t  f t 

1 	Dry density 95 	95 98 	98 108 	108 
in lbs/ott 

(d.o. kg/cwt) (1430) 	(1430) (1478) 	(1478) (1728) 	(1788) 

2  Saturated Wt 
in lbs/ott 

(-do- in kg/cum) 

11.8 118 183 193 130 130 

(1888) (1888) (i968) (1968) (2080) (2080) 

600 600 500 600 ' 200 200 

(2929) '(2929) (2441) (2929) (976) (976) 

0.35 0.35 0.4 0.35 0.88 0.58 

3  Cohesion in 
lbs/oft 

(~4o- kg/sq.m) 

4 	Tan p 

Hotel- B,P, = Breached Portion (i.e. new earth work) 

N.B.P. a Non..breaobs . portion (1.e. standing embankment 
after breach) 

Rock too properties are assumed to be the same as those of 

the casing zone which assumption is conservative. 

3.5. 

Both theory and experience of dam failures show clearly 
that the following three conditions which may be critical from the 
stand point of shear failure which must be analysed;- 

(I) End of construction condition 

(II) Sudden draw down condition for the upstream slope 
(Itt) Steady seepage condition for the downstream slope 



(S)  End of .Constructio 

The factor of safety for either the upstream or downstream 
slope during construction could be critical where high construction 
pore pressures are likely be developed. In Panshet Dun high 
construction pore pressures were not expected to develop due to 
the following reasons $.. 

(a) Working season being limited to 8 months in a year, 
(b) Construction being spread over a long period 

of 6 years, 

(c) The rate of raising of the dam being only about 
60 feet in a working season. 

(d) Provision of a sand filter in the body of the dun 
(e) The Impervious zone having been laid at t2% of 

O„M,C. 

It was consequently not considered necessary to test 
the stability for the end of construction condition; 

3.3.1.  M,TROD OF F ANA L1s 

The stability analysis of both the upstream and downstream 
slopes was carried out by the Standard Slip Circle Method. The 
graphical method for plotting N a T forces without accounting for 
the effect of slide forces was used. Ni erous slip circles 
were tried to locate the critical circle. 

3.3.2. The assumptions made while carrying out the analysis are 
discussed hereunderi,. 



ii 
(I)  3 1rn D ace Dpc 7 

Tbo u,ctroc alo oo for both tbo broacbod and non broacbd 
portions ltvo boon tontod for draudotrn from 	t,ator level to 
botr uat3r lovoba For facility of computation for accounting of 
Boro preoauxoc on suddon draw doting the following asomptions 

were oadoao 

1) Above L0HeL0  Saturated Subborgod 
ii) Bolos L,tJcLe  Submerged Submerged 

i) Above La110L0  Saturated 800 su1 orged 
it) Below L*H40 Submor,god Submerged 

Though the casing is sufficiently pervious some pore 

preosuroo have been accounted for in casing zone above L0t1.L0 by 
COflOide'iflg the resisting forces in this caso as 3p% submerged0  

(Notoe.. Tb design pares ot©ro aro based on consolidated 
quick test results on saturated s tploo compacted at 0014,00 by 
modified proctor mthodo  T ago values are on the oonnorvattvo 

sido cinco those havo been norlsd out In terms of total stresses 

and additional allowance has been mado for pore pressures in the 
stability computations)o 

Tb minimum factor of safety for this condition worked 
to: 

(1) Broached portion (90o0 no earth vortx) 10 

(it) Norbbroachod portion (i0o0 standing 	to  32 
ombargment actor raising 
and utdoning) 
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The acceptable factor of safety for this condition, is 
1.25• 

The upstream slope has also been checked for earthquake 

with 0.l acceleration for the following oonditionss- 

(a) Full reservoir with full Intensity) F.S. a 1.20 

	

of earthquake 	a ti.11 	) (Accepted 1.8 
* 1.0) 

(b) Sudden drawdown with halt' 
intensity of earthquake is 	) 

(Accepted '.8,L<) 
the normal. practice (adopted 
In the Baas & Ramganga) but ) 
the upstream slope has been j  

tested for ° 	0.Q7Sg 	) 

(Ti) Steady Se,e, „a&e Condition 

The unit weights for computations of driving and resisting 
forces acting on the downstream slope are as unders~► 

Artviny orq 	1esistL1p¢ Forces 

i) 8earting 	Above T.W.L. 	Saturated 	Submerged 
and semi- 
pervious 	Below T.,W`L, 	Submerged 	Submerged 

or pbroatic 
line 

it) Casing 	Below T.W.L. 	Submerged 	Submerged 

	

Above T.W.L. 	Saturated 	a) Moist 
b) 50% submerged 

Two conditions are assumed for the downstream casing 
Viz. 



lot 
(a) in which the downstream casing would remain aoist, & 

(b) in which some portion of casing would be saturated 

due to heavy pour„ 

The first condition is likely to prevail in view of a 
sand filter and drainage system. Condition (b) is a very _r smote 
probability ad a lower factor of safety is considered 
acceptable. The minimum factors of safety worked out tot. 

(1) Breached portion 	(a) 1.64 (b) 1.345 

(it) Non-breached portion (a) 1.86 (b) 1.48 

The downstream slope has also been checked for earthquake 
with p.lg acceleration. It is a normal practice to test the 
downstream slope for full reservoir condition with full intensity 
of earthguak+s. The factor of safety for condition (b) worked out 

to 1.07 as against the acceptable factor of safety of 1.0. 

The out-off trench provided earlier in the left flank and 
gorge (i.e. breached portion) was practically obliterated* This 
trench was deepened by 2'to 31  so as to remote all loose rock and 

surface. 
expose fresh rock( An additional cut-,off trench 20' wide and 2' to 
3' deep has been provided. The new cutoff trench bus been joined 
to the cutoff in the standing embankment as shown in Drawing No.14► 
Water intake tests showed practically nil intake and therefore no 
special foundation treatment like grouting etc. was considered 
necessary. To have proper bond between the foundation rock and 

earth work, two key - trenches 10' wide going 2' to 3' in rock have 

also been provided as shown in Drawing No.14. 
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30 00 2.o Zn o nc .jD P n (flofor Drawingt No0 18)  

In tbo o~tiotinti non-broscbod portion of tbo d a' a 
longitudinal drain at the downstream too of the sent-pervious on 
and crocca.drains at 100° C/C conn3cting it to the downstream 

rock too bad already boon provided* An inclined filter drain with 
croon-draino at 100' centres was also introduced at a later stage 

of construction wb3n the dam bad already been raised upto 
Robb 19CO0 Theco cross-drains have not been ortondod along the 
downotrooa slope of the existing earthwork and t& on to the roc1 
too before widening the section over the rock too* 

Yn the. newly built portion a longitudinal drain is 
locatod at the daunstroam too of the arting into which tbo 
inclinod sand filter drain ends* An outfall drain 1.2' wido at 
Cb01000 is provided as shown in Drawing too 12 In addition, a toe 
drain beyond the D/S toe of the S0P, cone has also boon proeided0 
On the sloping portion of the standing embankment additional tbroc 
cross drains have boon providod0 (Rofor Drawing No012) a The 
inclinz d filtor drains for the broached and noncbroacbed portions 
bav-o boon connected as shown in Drawing Noe 3.3e The outfall drain 
at C by 1500 starts from R 0L 6181' and ends in the rock too at 
R0L01913000o 

• , '• 	-M 	~~ it Y 

Crow drains at o vory A-00' along the dounstroac slope 
of the oinbanktont connected to a longitudinal drain on oacb 
born have boon provtdod and thoso can be soon in pbotoL3rapb No4 is 

he crater from all tboao cross drains and longitudinal drains i0 
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finally led into the river. 

Co1leotint Drain 
At the downstream too of the dam, a Collecting drain is 

provided to drain effectively the downstream casing. 

3.6. LBU'1MNT CQNTACT$ 

Due to the provision of a masonry.cum earth dam at 

P aoshe t, the following throe contacts are involved in addition to 
the •contact between the old and new earthwork already discussed: 

(I) . Junction of masonry divide wall with earth. 
(ii) Left flank abutment 
(ill) Right flank abutment 

3.603. JNCT1C OF. $âSO D - sLLL WTTBUAfl 

The width of bearting in the earth dam section adJacent to 
the masonry divide wall has been increased so as to increase creep 
resistance along the Junction.. The upstream slope of bearting is 

increased from 1'=1 to 1.2511 (U to V) and on the downstream aide 
the semipervious zone is replaced by the hearting cone, The 
details of the earth section in breached portion and at the divide 

wall are as unders 

TOP OF HEflRTN? '°'° v 2044.5. 

a zo 6 oq 

CStNG. /
ERRTING : S 	cF15~n~G. .P.ZON 

LTER.  

11--20 	
~ 7094.5. 

~~. 2086.0 

C AS NG 	 CF T'4( 
HEARTIh1G ZONE 

FILTER 

SECTION IN 13RERcNED PORTION. 	
SECT\UN rip S2'DWYt'E WALL 



105 

In addition to ct o above procaation9 to tzoy tiallo baeo 
loon ppovidod at thin junction as indicated in Drawiho l oa9 a loo 
TboBo b a walla arc 5° a 5° at top and alopo out to provido a 

bitQor soation of the baso as shown below 

28 

.~'oF"1Rv earl. 

C 	 _ 	 -IVIDE vv All.

-i-F 	 1 
——< ot' 

KEY-vv RLLS 

The top of the upstream key wall is at B4 208G600 and that 
of the downstream key wall at R,..0 2O?5000 Tb000 two keys would 
further nerve to increase the length of path of percolation,. 

The length, of creep at different levels in the hearting 
near the contact of the divide iall idth th earth dam has boon 
calculated and are as under$•. 

Length of 	Iioigbt of 	C 	Ratio 
creep in 	water in 	d 

toot with 
reforenco 
to F*H„Le 

2080 G3 6 10,6 

2oCD 137 20 5.028 

200 202 4{3 X40 4 

2080 2106 04 (\o0} 

2000 330 so 30 81b 

1960 396 100 3„ ?d 
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From the Lane's weighted creep ratio, it would be seen 

that the following creep ratio is r ecommendodz. 

(1) Soft cloy 3.0 
(it) Hard clay 1.8 

ans as such the above creep ratios worked out at various levels 

are within the safe liamits# 

3.6.2,  LEFT PANIC ABt TALENT_. 

The masonry 	is taken right upto the left flank. The 
minimum foundation level at the end Is at R.L.2040,00. There 
exists a volcanic brecio, layer between R,L.2O6 to R.L,2068 and 
there could be possibility of leakage along the junction* In order 
to get over this problem a compacted cloy' filling has been provided 
between the end of the masonry dcrn and the left abutments. To 
increase the creep length along the ,)unction of masonry and clay, 

:bt*y walls and Ivey trenches have been provided as shown in 
Drawing No*(9 4 10). The key walls and the end of the masonry 
dam have been provided &.,batter of 1/1211 and the cut-oft trench 
(taken into the left abutment) a batter of jtl. 

These batters were provided so that with the consolidation.. 

of the clay fill the joint may get tighter. 

3.6.3.  RIGST _ NK ABUT 

A cutoff trench 20' wide going about 30' deep In the 
abutment (about 2 feet into bird rock) has been excavated and 
backftlled by impervious soil. In addition to this, the bearting 
width is widened by providing the bearting a downstream slope of 
111 Instead of *s1 and by deleting the sent pervious some  The 
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entire width of the bear ting upto R.L.2080 has been tied$  to massive 
rack in the abutment. it is above I?.L.2080 only that the boarting 
has not been placed against massive rock (the rock face is covered 
with huge boulders) and only the cutoff trench has been tied to 
massive rock in order to save some stripping. 

3.'?.  WAVE HUM ...,. FREE E0ARD 

The straight fetch at ma .muun water level is about 8 miles. 
The wave height as calculated by Stevenson's formula as modified 
by Molitor for a wind velocity of 100 miles per hour came to 5.8? ft, 
Allowing for the wave ride up and some extra factor of safety, a 

free board of U. feet above the full reservoir level of R.L.2086 
was provided. This crest level of 2097 is safe for a 50 mile per 
hour gate coinciding with the design flood. 

A settlement al .owance equivalent to 2 of the height 
if the dam has been provided over the design crest level of 2097 
to account for post.•construction settlesrnt (both normal and due 
to eurtbqua1 e). This automatically provided a comber to the crest 
of the dam. 

4, 0, 

The total length of the masonry dam is 610 feet. (From 
Cb,490 to (b.1100). For most of this length, rock is exposed at the 
surface as such there is no difficulty of foundation. Water intake 
tests for the seat of the dam gave practically nil intake and 
therefore no special foundation treatment was considered necessary. 



Ttrodifferoat ceotiono of masonry dw one for the portion 
outotdo tho tcz tf 4u, out and the other for the portion In the 
Tot10t 0 cat 1n cubich ponotoch and 1O loVob $rrICation outlet arc 
oltuatod have boon doctgned0 Thy masonry dam on sitter sido of the 
T 0H0Ud out rao dosignod and constructed iith° a top width of 221 

and ouitablo upstream and downstream battrn as shorn in Drautng 
10 15  prior to the oartbqLaakO at Koyna Tbic suction was toHoequ3ntLy 
ch3ckod for 0*1" oartbqualo acceleration and found 'to bo cafo, 
Tho cot Lion in to tc ap0 L0 out ban 38 foot top vjdtb4 U/S slopo 
vortical and D/8 taco slope O.82a l (Ra V)' starting from $ ft from 
top (Rotor Drawing No,1s..). As no construction iaa started in the 
T si c, cut prior to Lco 'na artbquakop a fresh dootgn was prepared 
for thin Monolith i th an earthquake acceleration of Qo 1 (both 
horizontal and vertical )0 The design assumptions and a table of 
strosscoq coefficient of friction and shear friction factor for 
the to ections are given In Appendix rro 

4a to 10 DRS. AGE GALL 
to tt r body of the masonry dam a drainage gallery of 

S s x 7° has boon provided for rc~u cing the uplift pressures and 
to facilitate groutinj and drainaGo of tho foundation 1t found 
ziacossary subsequently, The layout of drainage gallery to 
cboin 8n Dratrtng No 	0. 10)0 

by 
' dia porous pipes , at 20' coltreo s 9rrouridedLcaarno 

sand bevo boon provided to the top of the daaa 

An additional. draI nago daUory at the foundation lovol 
In the tooporary uwto ueir out uao also originally proponodo But 
as thoro uoro aroad4, too many openings in a , uidtb of 35' O lYD it 
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was subsequently decided after two dimensional photo slastia 
studios carried out in G.W.P.A.B. to do away with this gallery. 
A 24" 0 pipe his'  bore ver t  been provided at R.L.1940 In the 
temporary W.W. cut masonry to drain the water collected by the 
porous pipes provided from the bottom of drainage gallery to 
R.L. 1940. 

4.1.2. 
The foundation level in the T.W.W. out Monolith is about 

70 feet lower than that of the adjacent monoliths. The monolith 
to the temporary waste weir out has been rigidly tied to the rock 
by anchors upto R.L. 1980. The rock on either side of the out 
was very undulating and there was danger of weak Joints between 
masonry and rock. Therrefore the anchor burs provided an the rock 

abutments have been embedded in 1*2*4 cement concrete. At the 
rock abutments, grout buttons have also been provided to carry 
out grouting at these junctions From tier gallery at R,L.1997 

if required at a later stage. Above R,L.198py copper contraction 
Joints at Cb.932 and Ch. ].©20 have boon Introduced so that the 

the 
masonry aboveLtoxporary waste weir out becomes a separate monolith. 
Copper contraction Joints have also been provided In the masonry 

dem at chainage 6 and chainage 800.,. The above Joints were 
considered necessary to facilitates. construction, The contact 
surfaces of the adjoining monoliths have been provided with plaster 
finish to permit relative movements between blocks. 

4.1.3. 
Upstream 51  width of the section is constructed in 

uncoursod rubble masonry in C.M. (1s3) . The rest of the section 
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is conatractod in U0C,Ro macron y In conent aorta' 1s5Q Hat tho 

masonry in a oU 0tla attt t pto 8 eL 01O8Q has boon dorm in coma 1$o 

Tho dosign strongt l of vamp 183 Cø no 1z4 arA o01ao 18 aoro taken 

as3 tndor on the baBAs of laboratory tato0 

(1) cell® its 
(ii) CON ¢ 114 

(Itt) Cor1f, 1813 

1* 0 lb/nq" 

1300 lbo/aqa 
1 lba/s~qa 

Tho total length of tho divide tTa3.l to rotatn tho earth 
dao at Cho 13.00 Is G0 Sect (1e$ m), It is located on the bare rook 
avatlablo in bottioen the temporary uasto weir out and tho river 
proper In sueb a tsar that the alignment follova bigboat poosiblo 
rock contours subject to Its toes not falling In tho T o .1do.. cut or 
lots ground on earth don aide., to keeping trtth this criteria tho 
do'nstroam portion could b aligned at right anglos to the 

centre Jim of tho earth dam tibtlo the portion on tho upstream of 
'fib centre lino had to be turned to rardo tho loft bark by 10 

The dtvido tall bus boon constructed In monolitho ui tb 
joints at suitab3.o pointo such that each monolith has to retain 
only one typo of earthmaterial as 	as posctbbbom The soctiono 
adoptod for oaoh Bona are ahocrn In Dra i. nC Aoo l6 and 'tho location 
of the joints In drastng Pole4 

The design conditions and e.00 ptionc mado for dU foront 
Zon o are given In Appondtz ItL 
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a6 30 RFnTT 	~7 TREV Vo CAnC RRi CC LAX~R 

A 20 Soot tbiatt tuff volcanic brooms lc ar to ox posod in t 
tcaporaay riaoto tZ)Ar out and in tko oor vo2 aroo b ttion R 0L o x.940 

and 2980, Thin broccia layor containo rod bolo an largo boncoo and 

also in the ground nacco The Suporintendirig aooloGAotD Engineering 
Goology Soctionq 'Soutborn Region vas of tbo opinion that there t as no 

barn in founding the masonry don and the dtvido wall on the ozposod 
root undorbain by the volcanic bracoia0 tt fro,$ docidod to found 

the dam and the taLL according and to gtvo the Solboving treatment 

Ito at aoatod by bit 
U) Consolidation grouting was dons In the entire 

masonry dam and div&da wall coat, right upto the 

volcanic breccia layer* But there van hardly any 

grout intalvo0 

(ii) On the upstream of the r asonry Ua In the T* Otto 
cute the volcanic broccia J, or t aao blanketed by 
nanonry and concroto upto the upctvoaii too of the 
oartb dam and upto 300 ft on the loft facer (Refer 
photo No, $ 

(iii) On the do rr troam of masonry don in the T.(f0ti0 cut 

the volcanic broccia layer dao blan1 otod by masonry 

and concroto for a length of 80' £ the portion 
moons& this Li prop000d to be gunitod0 

(iv) Zn the broccia ozpoouroc in tho T 0Cl0E3a cut s the 

broocia van oaoavated to onp000 froob ouzfaco 
which eras covorod vlth 2 toot thick R.00 obab with 

0 ft ovorlap, . in sound rock to chock tz'anot r of 
load to br'occtao 
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In order that the Irrigation outlet may not be, required 
to be operated against a water bead exceeding 90 feet, two outlets 
one at B.L.2010 and another at R.L .1950 have been provided in the 
body of the masonry dam to let out irrigation releases till the 
power house Is brought into us* and later during its shutdowns. 
The power intake has a 309  dia steel penstock embeded in the T.WA W. 
out monolith as shown in Drawing No,15. In short there are following 
three outlets and the details of which are discussed hereunder:. 

U) aigh level irrigation outlet at Ch.840 
(it) Low level irrigation outlet at Ch.990 
(iii) Power intake at Ch.96? 

jijiW 

Two openings 6'-.3" z 80  with sill at R,L. 2010.O0 have 
been designed to give free flow discharge of 1360 auseas at a 
minimum water level of A.L.2020.0. This outlet would be used for 
depleting the lake from '.$$L. 2086 to R.L,2020.Q The service 

gates provided are of fixed wheel type with upstream skin plate 
and musical note type seals and are operated by seam of stem rods 
and hoists.. These gates would be operated from a chamber located 
at R •L.2080 in the body of the dam as shown in Drawing boo«9+ 
Provision for an emergency gate has also been made. 

This has also been provided with two gates in tandem, 
a service gate and an emergency gate. The size of the service gate 
is 5 t x 1' and the size of emergency gate is 8'••4" z 11.20', The 

service gates are similar to those provided In the high level 
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outlet. This gate has to withstand a bead of 140 feet in tb closed 
position but would need to be operated for lake levels between 

R.L.2020 to R.L,19 e0. The sill of the outlet is kept at R.L.lGbO.0 

and it isa designed to discharge 620 cusses at a minimum reservoir 

level of R.L.19 6O.O. The outlet in the body of the dam is of d' x7' 

rectangular opening_ with semi-circular roof on its top and is kiavl.ng 

a bad slope of I. In 15, The flow through this outlet is designed to 
be free, flow under all conditions of operation and the released 
water is led into the river proper through an open channel. 

4.4.3.  POWER...  AKS 

The power house (Refer Drawing No.10) is proposed 
near the toe of the masonry dam in %he T , W, W. cut and the 

A 

excavation required for the draft tube, power house etc, has been 
dons* 30 feet die penstock with its sill at R..L,19 4.78 to pass 
a discharge of 1000 cusecs is embeded in the body of the masonry 
dqs in T,W.W. auto  The penstock lining is of $" thick steel plates 
embeded in 4 feet thick R.C.C. ring throughout its length. The 
reinforcement is design9d to take the full bursting pressure 
including 25% allowance for water haiwner without taking the 
steel lining into consideration* For the time being the downstream 
end of the penstock has been closed by aemiictrcu ar bulkhead. 

The permanent waste weir channel already excavated with its 
bad at R.L.2062 prior to the breach would be used as such to pass 
the floods for one year (to keep the reservoir level low) after 
which the ogee crest would be constructed. The gates would be 
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provided later when requirement arises for extra storage. 

to the ultimate design, an ogee crest at R.L.2072.Q0 
for a length of 184 feet between abutments with four radial gates 
of 401  x 14' and 8' thick piers is planned. After construction of 
the ogee and installation of the gates, the high flood level has 
been worked out as R41.2089,0 on the following considerations=- 

(Ii The full reservoir level of R.L*206+6 is already 
attained and the spillway Is discharging a base 
flow of 32,000 cusecs when the storm Impinges. 

(ii) The following Koyna storm pattern has been adopted 
which Is considered overeafe: 

Duration (hours) 	3 	6 	9 	12 	24 	48 	72 

Precipitation $ 11 13..5 16 24 37 50 
in inches 

incremental 	2.6? 140 0,8 0.8 0667 0.54 0.54 
average hourly 
intensity in 
inches 

(Lit) Flood absorption capacity between F.S.L. a 
has been accounted 

From the drawing No,. i -r pit would be seen that the 
tail channel beyond D/S obainage 284, is steeply sloping and 
during the 1961 floods a deep gully :., was formed in the breccia 

layer. Tn order to avoid retrogression it was considered necessary 
to have some protective arrangements for this volcanic breocia 
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layer wbicb is met with between R.L.2O3l3 to 20e0. 

Alternative schemes of providing falls were studied 
and it was found most economical to provide two falls one at 
Cb,2ba and the other at Cbw 5QQ (Refer Drawing No.'" ) both 
founded on sound rook below the breacia .layer. Beyond Gb.800 
to the river Junction, it has been left as such. The aligrsent 
is shown is Drawing No.4. Any further treatment or protection 
required would b e provided after watching its behaviour. 
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CHAPTER - 11 

1.1. 	Renovation of the'Pansbet Dan which involves the use of 
56.89 Mart of standt g embankment envisages the following works 

(t) 	Cutting back the slopes of the standing 
embankment to remove all loose (not well. 
compacted) material and removing top 16' 
of the embankment. 

( It) 	Constructing new embankment from Ch.U0O to 1600 

(iii) 	Raising and widening of the standing embankment 
to suit the final stage requirements. 

(IV) 	Constructing a masonry divide wall at Cb.1, .OQ at 
the junction between earth and masonry dams 
including key walls. 

(v) Constructing a masonry dam between Cb.490 to 1100 

(vi) Constructing high level and low level irrigation 
outlets and installation of 10' 1f penstock in 
the power intake. 

(vii) £zaavattoa for the power house., 

(viii) Diemantalling the tower, transition b x conduit etc 

( 	Constructing spillway and Its protective works. 

1.2. 	The quantities involved in the major Items of work are: 
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(I) 	tb Dan.  

(a)  

(b)  

Stripping of tbo existing eabankmeat 

New earthwork (including coffer dam) 
!x•09 l4cXt} 

(1) Boarting 	10,83 Haft 
(ii) Casing and $.p 49.88 " 

zones 
(iii) Filter 	1.23 0 
(iv) Rook too$ 	0.83 
v) Pitching U/S 	2.2 " & D/S 

8.51 Matt 
6400© 

64.00 " 

(a) Dismantling tower, trasbrack 
conduit 

(b) Masonry for dam & divide wall 
(c) Excavation In rack for power 

house & tail channel 

Job 

338 Mc8t 
ft 

2,0,  The renovation works of the Panebet dam (except crest 

and gates in the spll~+roy) have already been completed* Works 
executed in each season are discussed belowi.. 

2.1* WORKING SEAt Old_ 19M. 

The following works were executed during the seasons.. 
(1)  The control tower, conduit and trash racks 

were dtsmantalled. 
(ii) 	Coffer dam upto top 1.L.1997.0 was completed 

to divert the floods from the temporary waste 
weir out into the diversion channel. 
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(iii) Part stripping of the standing embankment 

P-botographs No.1 & 2 show the condition of works after 

the breach, as also the coffer dam put ' up to divert the flow in 

the diversion channel. 
The section of the coffer dam (which ftn nil,y becomes the 

UAB. too of the dam) is shown .n Drawing 1o.11. Later* during 
construction of the main embankment#  'tbs . bearting of the coffer 

removed. 
darn waw upto low water level, so as not to prevent drainage of 
the upstream casing during drawdown, and the D4S. casing and 
rock toe fouling with the bearting of main dam, was removed* 

Ejirtb Darn  
Since the diversion arrange= t was already complete, 

it was possible to tack lo the river gorge portion early during 
this season. The following works were taken ups 

(S.), 	Dew©tering the foundations 

(ii) Removal of the slushy material and cleaning 
the site 

(iii) Opening the or d cut-off trench and backfilling 
the same, 

(iv) Excavation in rock for now cut-off trench for 
the embankment in the breached portion. 

(v) Taking water intake tests in the cutoff trench 
(referred to as C.Q.T.) 

(vi) Joining the new C.O.T. to the old C.C.T,of the 

existing embankment. (Refer Drawing No:.lb) 

(vii) Construction of longitudinal & cross-drains. 
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The condition of the works in progress as on ]2i 4u66 

is shown in photograph No15. 

The downstreai slope of the standing embankment was 
re Loved for a width of about 5`' so as to expose a fresh compacted 
surface for the abutting the new earth work* This stripping was 
most y carried out by dozers and some by a dragline. Simultaneously, 
the .work of cutting back the breached face of the dam to the 

required slop. was In progress. 

It was possible to complete only 7.17 Meft of earthwork 

in full width of the main dam and part work of stripping during 
the season. 

Masonry Dm 
was 

The workAiven out on contract which vs finalised only 

in April 1965. Therefore, 0*13 .Mcf't of masonry in the djv*de wall 
could be carried out during the season. Photograph No, 2 above 
the condition of works at the end of the season. 

l)ur.tng thtsti season the work was taken up in three shifts 

and the earth work to the extent of 18.65 Kett was completed 
departmentally with the help ' of following machines s 

i)  General. 8h.i t 

Trucks and tippers (Forgo#  T.M«8. Leyland, capacities 
varying from 1...20 aft to 1.8 aft) were brought into use which were 
loaded manually in the respective quarries. 
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(ii) 	Shovel dumper Unit (One shovel 21 cu.yd capacity with 

b 1  to 6 caterpillar duper of 15/l7 cu.yds capacity) was used in 

two shifts, 

In addition the work of stripping was continued* 

The work of divide wall was to full swing. Masonry work on 
either side of the T.W,W. out for the main dam was also taken up#, 
and the total quantity of masonry carried during this season was 
about 1.09 Maft. As the work of excavation of the power house 

at the toe of the Masonry dam in the T.W.W, out was not complete# 
no works in the temporary waste%• weir out could be. taken uup* 

Earth Dix 

Same' t re shift working was carried out during this 

working season also and it was possible to complete the earth work 

to the extent of 18099 Haft* The work of removal of the top ld# of tb 

old dot was carried out by a shovel dumper unit and the usable 
material was used in the new earth work. The work of stripping and 
slope dressing was completed. The filter in the old dam at R.L.2040 
was opened by dragllne and raised along with the embankment# 

At the important junction Ditween earth work and masonry 

dm the following precautions were taken:. 

(I) 	All loose mortar On the face of the divide wall 
was removed.. 
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(it) 	thud jash iron gtvon to the taco of the masonry 
&tvjdo u& against t,hich earth work was to be 

placed which wac aLLuyo atop t 10 or 2' above tbo •. 
general . earth work lsvelo The compaction iao 
normally dons by obsopcfoot rollers„ in advers© 

where 
locations dozers wore used/Joasiblo otherwino 
recourse to compaction by pneumatic hand tampers 
was adopted* Near the ,~unotion,o. tb placement 
moisture content of the fill was kept +2 of 

° p C0 S f'ficient field density _ tests wore 
carried out to onsorcj proper.,dompactton near the 

junction, Jhotograpb No.' ; shows the work in 
progress. 

On the downstream side of the divido wall in the casing 
zone 7I thick gravel backed by 10' thick band packed rubble was 
placed to ensure complete drainage thmodtatoly behind the walla 
Photograph No, 0 shows the work In progror~a. 

The total masonry carried out during this season was about 

0.99 IMaft at the following locations t a 
(,) 	Masonry dam on either side of the T a11ollv cut, 

(it) 	Masonry dam In the T,tJal out. It was completed 

cpto R.L.197Q in the upstream portion only and the 
ronatni D/S portion rzaa at foundation lorolo. 
Photograph No.? shows the position of work at tPo 
end of soasono The Zaonaoon floods were dDortod 
over 'bid t3asonry. The loo to vol Irrigation outlet 
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was clocod during the mon000ne by lowering the 
corv.co Cato with the bp of a temporary 

arraMcmonto 

(211) The volcanic broccia Layor tae covered by concrete a 
maBonz7 

i►e detailed in para4:3(HPT10)Pbotograpb. No08 shows the 
complotcdvorko 

Only truck unit was used and the earth work wac 

completed to the extent of about 10 Moft0 The cork continued as 

planted. 

The work of installation of penstockwas taken 
up and completed partly Photographs Noog & 10 shoti the penstock 

work in progrocc0, The penstock, fabrication and erection worm as 

onntrutod to the fndionn Binip Pipe Company, 

The masonry In the tomporary Lilo cut as raised 

v~pto R.LQ 1006 and the total masonry work completed during this 
soason rao of tho order of 040 i4cfte The breccia treatment as 

explained in para4.3(CHPT10)~rac, also done Photo Ioe 12 above the 

treotmont in pro8rccs0 Water t►ao u8aio allo od• to apill ovor this 

maven?' during the monsoon season, photograph I3oo 11 obovtr the 
cpilhinn during, z onnoohco Both the irrigation outlotns ioro 1npt 
cbocod by oorvlco 6utoa during the mon3oono 
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Left Flank Junction 
As the masonry dam in its last monolith was nearing 

completion, the cutoff trencba . taken deep in the left flank 

abutment was taken up for baokfilling with impervious material, 
Till a workable area was available $ the backi'i lling was compacted 
by pneumatic hand tampers and rynupaes (petrol operated earth 
rammer) . Photographs Rot 13 & 14 show the work in progress, The 
junction between the masonry dam and the backfill (between the 
masonry and the rock face) was treated in the same manner as 
described earlier in pars 2.4. 

1atb Dmt  

The earthwork continued as *planned in the day shaft wltbthe 
truck unit* About 2.90 in eft were placed during this season and 

practically all the earth da . upto B,L.2095 was completed* 

Photograph Rio.15 shows the work in progress. It also sbows 
the cutoff taken In the right abutment* The sides were dressed to 

out 
1x1 slope and the backfilling by impervious soil was carried upto 
E.L,2094.00. 

Th pitching of upstream and downstream slopes was also 

completed simultaneously. Photograph No.1+6 shows the view of 

downstream pitching and surface drains (i.e. cross drains at every 
404' along the slope and the longitudinal dr4ins on the berme).. 
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The construction sequence adopted was in keeping with the 
design criteria of subjecting the dam to gradually increasing heads. 
The following table gives the maximum retention levels attained 
and additional. head to which the dam was subjected to In each 
year so far 

Year 	Retention Level 	Additional bead to 
which data was Subjected 

(1) '19 • dd 	No storage 	 Nil 
(it) 19 M 4d 	Upto R.L. l.95.0 

	

(i.e. upto the bed 	34' 
of diversion channel 

(iii)  1966.6? Upto R.L.1.935 Nil 
(iv)  19 6?- 68 Upto E.L. u9?0 35' 

v) 1968.80 tJpto R.L.1998 25 

Though it was possible to complete the monolith in the 
temporary W.W. out to its final level of 209? and to divert the 
flood waters through the permanent waste weir Channel, the work 
was restricted to R.L.2040 only so as to restrict the additional 

head on the dam to 45 feet only. 

To implement this decision it b-ecame necessary to 
provide a temporary ogee crest (to improve hydraulic conditions) 
and guide walls (to prevent spilling of flood waters beyond 
the T.W.W. cut). Photo No*17 shows the stage of works at the end 
of the season. 
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NQ c a jar cork van ;andortakon oi~copt viderin , of ter c$ nob 

biro' or r ee ary0 

During this noncan both tin earth and masonry dwnc zero 
fuU coiplotede T2 epiUtiay cbann3l protoction wortco voro also 
taken up and completed0 Photograph No018 ahowo the protection 

trark in progreavv The flood waters durin8 the monsoon wore piwcod 
to the tp .1iway channel at the oboe of the season6 800so,n'f,tso 
work carried out in nutshell is shown in Drawing 1o,1 

rt to proposed to ccipmto the ogoo crest and the 
superstructure etc* of the spillway control arrangement in this 
coasono Tho gatosq as already..mentionod car or, vi1 be netallod 

Later when demand for water increases, 



7r Ibbll— oo+76 T 

0 
ir 
0 

+ 
4L 9bh 

),cc9bl oott 

Q J J Z 

77 	1-bI „uoLI  

Z S4 z tbf 'ObI  
1 J 

O o , 	"j 

57 9161 0081  pl 	Z 

I 

00.80 6 1 oot II r 
J r  D  II 

I ~ e I ,I • I 

4 
oz I bl nnoi 

F 
SI 	 o{ oocI i 

~ 

a- m LS 	'7I b I 007 1 T Of., 
~ I 

' Ib 	rS I 	I nocl ' 
J 
J / 

/  
' 

J " AI 
a ~ I nL Kcihl, )nPi 

{ 

a 	I cc s6b1 I nnl 

Ili 
...s 1 

` 
~. 	_  

I '0I 	N 

a ' '79 	bbI % nob 

J 

~  
-,  W 

_ 
:< 

r oO 90°L 009, 
W ~ x 

h
i psi g1 • 19 	IIOL no[ 

OS `74oG~ ~)oy - 

I 	~o  ; 7I I 

1 

~• p 5 1 	`) 	~9F~NIFI Fad 

- - ry 



CHAPTER _ 12 	 130 

was 
l+ 	The irrigation outlet conduit of Panabet dartlessentially a 
light structure with inlet control and a roof arch of vousaoir 
construction (precast c.o. blocks cemented together). It bad been 
provided in the body of the dam in a deep open out. The failure can 
be mainly ascribed to its use before final completion to respect of 
finishing of the conduit bed and the control arrangements, Even so, 
the disaster could possibly have been averted bad the cut been 
tilled partly or wholly with masonry or concrete to form a hole n..a 
massive masonry or concrete block.. 

2. 	It t3 well known that provision of an outlet conduit in the 
body of an high earth dam to not free from risk unless structural 
integrity of the outlet (under differential loading conditions and 
the typo of foundation), proper compaction of the embankment 
material round it# adequacy of seepage path at the junction and 
non'•pO8stbtlity of differential settlement crracks$ it provided in 
a deep But t  can be fully ensured. Ensuring all this is not easy. 
The history of earth dam failures is rep$ete with Instances where 
a conduit in Its body was In one way or another the cause of its 
failure. Therefore$  conduits In the body of high embankment deans 

tsre avoided as far as possible. Although the failure of Panshet Dam 
was due mainly to the incompleteness of work of the .conduit, it 

does bring out the inherent weaknesses of the type of con*truc tion 
that was adopted.. 
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3. 	to the proposals for the renovation of the Panetet Dow, 
the alternatives considered involved either restoration of the 
earth data with the outlet conduit Inside massive masonry back 
filling or in a part masonry dam on the left flank. The latter 
alternative was adopted mainly because it admitted of gradual 
Filling of the reservoir below the spillway crest in a period of 
3 years so a$ to subject the vulnerable junctions of the new and 
old earth data sections and the earth dam and the masonryr d ride 
w1]. (at its junction with the masonry dam section) to gradual 
increase at hydraulic head. This to a consideration which deserves 
attention wherever conditions permit as In the case of earth dams 
with masonry or concrete spillway sections. 
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Photograph No.1 - View taken from Upstream side of the dam on 17-6.E 

....tom 
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Photograph No.2 - View taken from downstream side of the dam on 29-10-~ 



Photograph Noe 3 - Condition of works as on 12.66 
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Photograph No04 - Treatment at the Divide gall Function in progress 
as on 3O568 
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Photograph Noo6 b Treatment at the Junction at kLtgber Levels 

Photograph No, G - The Drainago Arrangement at the Back of Divide Uan 
n n on 30.5. G8 



Photograph Ro07 	Position of Works in the T,IJ.w. Cut at the end of working season 67.68 

botograph Joo8 	Treatment of Volcanic B1'eccia Layer In ti 
Upstream portion of th 	j 3O.. 5. G 	 jj0 Ch-oi 	as on 
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Photograph No09 	tlorlt of Insta11zjon of 10' dia penstock in progress as on 2Q.1..69 

iotograpb No.10 IorIrof Installation of 100  dia penstock in 
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Photograph No* 11 .. Spilling Arrangements at the end of 196869 Season 
as on 16-?.09 

hotoraph No.12 m Treatment of Volcanic Broccia Layer in the Dam 
'rfrn't9 nv% of f h T 14 14 	a . t- 	 - 
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' Photograph 110 13 . Work of Backfill1 last soil in progress 	
On 	

monolith by impervious 
2-@g 

'11atograloh 

 

°° 	Work . Work of Backfilling the last monolith by impervious 
soil in nrnrfr~as 	n 



Photograph No. 15 Work Of iartb Dam in Progress as on 28-.1-70 
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'kiotorapb No.16 	ie: 01 Earth Dam from the Downstream side as on 
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Photograph NO. 18 Work of spillway & its protection arrangement 
in progress as on 2''4-71 
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Photograph 1Io17 stage of Works at the end of working season -- 	1 
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.No' 	Items 	' Waraagaon' Panshet 'Total of 'Nev (masonry) 

	

A 	 Dan 	* Da 	A Warasgaon 'Dam at 

	

/ 	 A 	 A 	'& PaUIk*t ' Xb di lwt+ .a 

	

1 1 	 A 	(l A 	(A% 1  

1. 'A' 

 

Preliminary 2,25,000 2,42,004 4,617,000 1,440777 
zp ruses 

2.  'B'  Land 26972,000 26,27,0 52,99,000 53,28,272 
5, 'C'  Works 1165,810 695 1,66994,992 5#62,761667 6,16,56 100 
4.  'V Buildings 13,26,536 14,96,600 28# 	9136 28,571657 

5.  'L' Earthwork - 1146,278 
6.  '14' Plantation 40,000 4000O 809000 400000 
70 Ap A i(iscouaaneous 4,50,440 4050,040 9,00,000 8,93,295 
8. 'P'  Maintenance 179,082 201#906 3,80,988 69520 880 
p. 'Q'  8p]: Tools & 9,94,902 11921*700 21016,62 13,7294?5 

Plants 

Total 	2,24w 61,215 i B, 73,198 4,7342413 7,40, 53,, 
Sq 	 Rs.46 75 cror.s kte.7. 44 crorai 

10. Strengthening & 
improving existing  
1 adakttasl~o Da A 	 E8.1.~i0 
bringing It to 
standard 

Grand Total 	 Rs.5.?5 " 	Rs.7.40 orori~ 
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APPIUDTX- ZY 

DES IG 	jojpJOi1 	MASONRY 	4ADAtj.  

14.0, 	The following loads bave been considered for the design 

of thz masonry da : 

Weight of Mason 	150 Iba/cft 
Weight of water  
ire ight of silt 	1 	10 (assumed upto 

LL.195OGQ) 
Horizontal water prossuro 
horizontal sift pressure 
Uplift preoouro - on ,4 area factor equivalent 

to the had of hater at tbo  

upstream too and zero at the 
downstream too. 

Lave pressure (for a wini velocity of 80 t 0p0b) 

Wind pressure 
Earthquake force on masonry and rater 
(Acco oration 0*19) 

00 	Two different dam aectionap one for the portion outaido 
the T.W,W0 out and the other for the portion In th TbI.t out 
in which penctoc?i and irrigation outlets are situated ba boon 
fiootimd to catiof,y the fvJLlvtrin conditionflso 

( i) 	No to afar. In the seotlon with water at U01? L 0 
of 20C9O0 -tth no oarthqualto forcoo 
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(2) )►o tension in the 3sction With water of F,R.L„ 

of 2086.00 and an earthquake of light intensity 
a O.02g both horizontal and verttcat) 

(3) Maximum tension of 20 p.a.Le at upstream heel 
and 30 p. s. i..at D/8 toes for full reservoir 
condition and lake empty condition respectively 
with aaxinin earthquake forces ( 	=. 0. Ii both 
horizontal and vertical). 

The stresses, coefficient of friction and shear friction 
factor are given in the following table,* (next page) 



135 

O 
M14 

( a 4.) 	O 	F 	'4 	 O  

444q 	sO 	 to 

.~ w d 	as 	i 	o0 	ai 

q '4 t 	Ok 	 to to 	~,`► 
) O 0 0 0 0 	0 0 	0 

• 

4 
ci 

+ t * 	+ + + 

C) 	0 c 	 J 
+ 	 + 	 U 

t 0  •  + *  szr4 3 

+~ ~ 	F44 F44P4a 	I44.P4 	S 	0 	14' 	tW 

$4 43 	40 
 m 	0 	O ! 0~! 1

43 	alt O f . 	 it 
r3Ø c3 	 u3 c13 41 

d 	 w b 2 Gga+ 	m 	t~t~ as 
tc be 45 	0 	 CS 

r v a 	c 
as 

4 

42 0) 

0  4 
CS  no  a 

4)0 

+ 	t 	 0) $4 



136 

APPENDIX - II! 

Lse t G ,vssu  FTIO}TI3 FOR T!  ttrVtD1  WA. 
LL 

(0 Weight of masonry 145 lbs/cft 
it) Weight of water 62.5 

(iii)  Coeff. or trjct on 0.6 
(win) 

(iv)  Shear friction factor 5 
ivy &bear stye gth T/sf' 

The design background for each zone of the divide wall 
Is detailed below s 

This section Is to retain upstream casing* 
( ) 	Lengths 

Betw3en too of casing to upstream toe of bearting 
(ii) 	Design SeotionU 

Just upstream of the too of bearting whore the 
maximum height i.e. about 80 ft. 

(iit) Design Conditions 

Sudden draw down condition of earth drat aaauming 
r 

thatl.half height of the casing material is drained 
and the bottom bait is in bouyont condition. 

(iv') 	Weight of Casing 

12? lbs/cft (buoyant Wt 64.5 lbs/oft) 
(v) Co  for easing i 4.6 acting at O.4ks 
(VI) 	Water pressures 

Due to height of water equal to bottom halt 
height of casing. 
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(vu) uplifts 
Duo to boigbt of water equal to bottom; ba1f hoight 
of cacinso 

This ooction is to retain mainly upstream boarting matorial4 

t) 	Lon tb 
Up$tro8m too at boarting zone to U/S key 'wall 

(if) 	Do®ign Sections 

Just upstream of key wall whore there is maximun 

k Lgbt i.e. about 100 ft etith $0' bsarting and 
top 15' easing* 

(iii) Design Conditions 
Sudden draw down in the earth dam. 

(iv) Weight of casings 
127 lbs/ott (assued drained) 

(v) oigbt of heartings 
120 lbs/ott (67*  6 lbs/oft In buoyant condition) 

(vi) Kn for casings 
O.0 acting at ao 4h 

(vii) icn for boarting s 

0,7 acting at O. b 

(viii) 1Jator pressures 
Duo to weight of water equal to ,boartipg 

(i2) 	Uplifts 
Due to aoigbt of wator oqL to hiartin30  

Sootion Botrioon LtoynWallo 
Ao there to naáonry backing from otbor lido this ooction 
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.o not doatgnodo Iiotovorp a alopo of 0 2sl has boon provgdod on 

t1 oartba da ciao find on tb asonry c as sidc:(_in tbo bop portion) 
th c j o o10 o as in zone UU or ZY h a been aontinu~d0 

Sootton Against Do~rnstroam darting s 

(1) 	Lengths 

Betaoon the downstream key luaUl to D/S too of 
barting 

(it) 	Docign Sections 
Th doatgn suction is takon at $b toot D/S of 
aontrro line of dam ubere there in no masonry don 
backing from the otxior side and maximum height v 
of boarting is retained by the section 

(iii) D sign Conditions 
The casing is drained and.bearting IS in 

buoyant condition e 
(iv) Weight of Casings 

127 lbs/aft 
(V) 	An for casings 

O6. acting at pe ~b t 
(vi) Weight of Hourtings 

120 lbs/cft (67, 8 lbs/oft buoyant) 
(vii) An for l oartir s 

0,7 acting at +Oa4 b 
(viii) water pressures 

Da to the height equal to the height of hoartingo 
(in) 	iIpliUt s 

Dvo to tho hoight oq 1, to 'tbQ height of beartingo 
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ij 	suction against Doinztroaxa CaoIn 

Be tteom D/8 to of hoarting to D/S too of caoi ng o 

(it) 	Dosign Section: 
duct down treim of 1 earting toe whoro height is 

(iii) Design C nditions 
Ioavy rainfall condition 

(iv) uoight of Casings 

I2? lbs/of t 

(v) i{1 for Casings 

O, acting at Q.33b ( odiatoly b3bind do stroan 
casing there is gravel filter 
bohind which there to 10' 

rock filling backed by € cleat d 
inure i filling (Photograph flog 6G 

(vi) hater Pressure; Nil 

(oil) Uplift Pressures Nil 

Try ordor to facilitate drainage in the casing comp 40  

din A.C. pipoo 10° controc both ay etaggored, have boon provided 
in tho c asonry divido trams.. 
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