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Def:

Lt is the most cormmon type of dams, which is genevally

built with locally available materials (such as soils § gravels ]
They are of tvapezoidal Shape with .u:jhéev Shucture .

—_[mpcwiou.s tore -

4

\ —_— T\vans'rﬁon fiiter
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TOpes

Dejaenala'rﬁ upon the- method. of- construckion, easth dams
can be divided in+to two Cakgories -

@ i Rolted FHitl dam
ii- Hydvoudic il dam -
7 Rgain Rolled - £iil eavth dams can be. sub-devided into

Q'Homc}ﬁencouﬂa e.mbankmcn{’ 'L;‘IPC-

]

L. 2oned embankment type-
C- Dfaphrajm embankmed fdpg )
- Rolle.d #il dam '

A g L LW

— The embankment— 15 consbrucked. N Successive mgcham'caﬂ:j

— |

—
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Compacted. layers -

L > The -Fouowmj are 'i’hc vawous types :-

Q- JiQANJencous Embomkme,nt nge, .
J{ormje,nwus embankment type earth dam isthe one n

which the dam is made up of SErch’,'kinal (ov) on e materal.

b- %ﬁ[ embankment- type |

Zoned. embantment— iype earthdam 1s the one in which
+the_dam i3 mad e up of move, than one material -

C- Df%hmﬂ@ Embankment type

This 8 the modificabon dam ovey +he homzymeo%
ermbankment type -

Jijgé\rmf £ill clam ’

I the case of ,yc(\-cwl&c‘_ £l dam the materials Qre

€xcavakted transported £ Placed bd Lﬂc(m_ul&c m ebhod s -
Hdvah{-a.ja/?z , Mertts ;

2 Earthdam is conskucted on any type of Ffoundations .
~2 T+ 18 conskucked with locally awailable material-

—> T4-t8 mogk Commonw twsed dam.
——)'I'F\eﬂ avre in Q.i,Pe,ﬂvae,, COqu'reJ with other dams.
— “The. Consbruckion of earth dame can be olar)e__wen with un-

Skilled labouy -

Qf&advanfoais’/ Demexits I Limikakons -

— The risk of damage by floods is more .

Unt! ~11L Pﬂ ND:D L/u_,



—2 The failwe can acouvy withoul sufficlent waminj :

—%leeau_:j malntenance cost 15 Teciuircc[ .

“—ﬁ These dams cant be used as overflow dams .

Cauwses of failure 0f Eoxth dams :-

L Y e Yo Y

On the, basis of Inveshiga.ﬁ'on veports on most of e
Past failures, it has now been possible Lo Cateqorvies the Hypes
of failures in+o thvee maln classes: -
_ 4+ Hydroulic failures: tof-
2. seepage. failures: 307
3. shructual falluves : 3o07-

100+

lgi‘jcl"awld Failures @ |

2 This type. of fallure occurs on the eavth dam 38 Yo-
'ﬁJ"adYauﬂc failuyes includes +he -ﬁollowfnj:_ , “
a - Over -Loppl'nj

b- Wave evpsion
C* Toe Evosion
d- Gullying

2 ‘SC&FCL&& faifuves :
it M Ir

—2 This tyre of failures occurs on the earth dam is 3o+.
— Seepage failuves may be. due to:-

a-piping

b -Sloughing -

T
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12 Structuval Failures

R L W Ny

==T

— “This ‘l:jpc. o£ failures oceurs on the earth dam is 307.

| Stuctural failures ™ay be due +o the -ﬁollowir:j Yeasons ! “

a Failure by spmadinj

b Failure due to Earth quake
i ¢ Failuve due +o ciamcgc. Caused by bu’rrowf?j ll
angmals -

d: Slope. protection Pajlures- |
?l e-Damage. Caused by waker soluble, matevials - ‘ ®
“ £ upsbeam slope. Lailuye -

J- bownsteam slope failure - lJ

*I ﬂbrecaufl-ons COY) }rwenﬁve_ measures +o be, ‘L‘O.kEh 'PDY (LUOld

such type of failures

| Jijcirmﬂfc £ailures R
I

—sufficient -free board should be ;broviclecl .

—?3>rovialn’r5 suitable tevms can e.ﬁ#ch‘v@ Prleuerd: erosion of

down stream £ace -

VSSBEQLJS-' Faulures

—Suffident measures Should be adopted to control Secpaﬂf'_
-H-.Toujh I’oodj of dam ¢ foundatien .

— Compacﬁnj the Sorls %oroughlj ok the oublel- conduris

Prevents piping —throwgh the dam -

e ]
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—)Conbrolh‘ni:] oF Cracks & Lcakaje_ at the conduits Prevents |
failures due +o P"Pi”j :
Structural Failures

A A A IS

—The, dam Should be conshructed as an earthquake vesistant
Structure -

— bownstream slope must be protecked £rom erosion due Lo
wind. ¢ vain - . |

—> Wpstream slope should ke Safe Ctja.fnsE erosion by waves .

Ol Critexia £or safe Desi n"of Earth Dam: “

“The. Practical criterio. for the A‘:siﬂn of earth dams may be
Stated lor?eF!U as follows'-
i+ The embankment must be Safe against ouex{—opplrlﬁ ch.mrB occuy
“ence~ OF the intlow design Flood by the provision of sufeicient
Spillway ¢ oukel works capacily .
it The dam must have Sufficient free bomd o 1-;-)at!:'i-n 's notl ieve{
-topping by wave acton -
W The seepage line should be well within the d|s face sn i—hai
no 5‘°ujhmj of the slope take sfla,cc a1,
iv- Swjaage Flow i‘hrat{ﬂh the embankment, -ﬁouncla:i-l'anja abutments
must be controfled 53 suitable design -
V- The dam should be. earthquake vesistance -
vi- The, Uls & dls slopcs of dam should be flat: H

ix-Tre. 03 Slope must be protected against evosion by wave

action *

—_—
—————
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Vit There. should. be. no free passage of waker s tod/s .
Vil The. uls § d|s slopes of- dam should be £lat -

X' “The dls slope must ke protected agarnst evosion fuy wbge dadim
due +o wind § rain -

— The ﬁollowfrlj assumptions must be kept M the mind :-
I The. volled. embankment § the natural soil foundation of the camt.1
dam are. in compressible. porous media .
; 2 The 5¢epinj waotey Plows under a, hgc[raulfc Sradl’cnk twhich 1S Q
due to only to gravity head loss (on) barey's law 18 valid. .
3 TTheve is no change in the deﬁrec of saturation iN the zone of
soil -
14 The hdclraulfc bo'uncla:rj corditions ak entry & exit ave known .
5 Wakey 15 incompressible. -

Sacegj;» Control Measuves

=353 -lfollowi'nj devices are used for secpage controt through
Cavth dams- . : 1@
Q- Embankment Secpage Conprol -
i- Toe Flker-
ii- Hovizontalk Ul"al'hajf_ £riter:

iii- protective filtey dfs of- the toe -

iv-D|s Coarsc Section or) embankment Zoning

\VZ chimncj c[muo ex{-endfnj upward imto embankmcng

|

On™ =711 p.q H 06/1—)_




e

b- Fourdation Seepage conbrol

Vi Tmpervious cutoff -

Jir. vls Tmpesvious blanket -

viii- 0|8 Seepage berrms

ix- Drainage trenche s

X- Relief Lyells -

()

(v)

(I'll.)- J

\

g LS EY 5
7’ pd v

Pervigus foundation

7T 77T 7777777107
(¥)
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Sl Ways
Def: |
.Sj:il[waj s o Shructure which 1% COﬂs".‘rUCf-Cct a[OrB the dams
(o) vesexvoirs used o Frovide controlled velease of flow from
|dam in to downstream area -

'-;ﬂ Spiilwa:j I's also called as *Surplussinj woﬂi

Functions of Spillway

—>To prevent Overtopping during o design flood .

—> To Prevent Failure +o close the gokes-

> To dvawdown the resevvoir .

Requivements of & iHuays

_y T must be hydvaulic

—» T4+ must be shucturally Safe -

— The. @pacity of discharge must be adequadlz -

COmEone,n'bs ot %5

— The. math components of a SPiIIw%y are ! -
a: Control structure .
b Conveyan ce Structure -

C: Texminal Stuctuwre .

d - Entrance § exit channels

Uned- W P'a No . Dg/u_
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T T T

m which affect the spillway capauty
o Inflow Flood hydrograph -
L - Pvailable lsl:OraSe, capacity .

c. Capacity of outlet -

d Gates of- spitlwey .

C - j>o.ssfbtc, clamajes .
Applications ci m,
— Tt is Pprovided for both dams § resexvoir .
L is used to comtrol £loods:

— X
_> Tt is used to store. wateyr .
1’3393 O.f, spill 3
—> pased. on thelr utility, Spfllwaﬁs can be of tuo dypes'-
i+ Main spillway.
i Subsfalu'aw (ov) Emergency Spitlway .
| —8ased. on theiy most prominent featuves, the Following are
I man Jf_\jpes of 5pfllwaﬂs:-
a.- Free, ovexfall lov) si:ra.l'Jhb dvop spilleway .
b- 0gee (ov) Overflow spillway - i
¢ side channel spillway .
d - chute (o) open (or) troujl-» spillwoﬂ. ]
e- conduil (ov) tunnel spitlway.
£- Siphon spiliway- “
J- prop inlet Cor) shaf k (cr)momfna glory SPi”w"j !

_— <
ont -1l Pg rfo.'b‘)/u_“




Ha- Sbrafjhi: Drop stcugd -
—This is a simplest type of Spillway -

—> Tt (s constructed in the form of a low height weiy ha.uinj

down stream face eithev vertical (or) nearly vertical .
— This “ype oF Spillway is not vecommended For high heads .

- N
/% :
7/
7‘ v,
Sound. rock b spillwoy with over hanging
3 5P"“w57 without o]s protection - lip -

C- .Sj?illwaj with ofs Pratection :
k- Qggg, (ov) ovev£lows seillwad:

— “This is the most common type Of spillway - provided. on
the, gravity dams -

Unb4-30 Pafotite L.
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] © |
— The Profile, oF the spithoay is 0gee'tor) 's " shaped . '

—> Henee, the, upper profile of the ogee is made to Conform
with the [owey nappe. of- 4 Fmd& -F-a.lﬁnj Jeb of- wabeyr -

Ii%co.cl

De,slb "
Head
(#4)

7T 7T 7T 7T 7T 7777777777
o Sharp trested wert biogee 5p:'llu)aj at design How

omr\&I "@ , oigin § apes of cveat

. T ¥

1125

geparetion

turbutenct -
5
IT7 7T T 7T 77777777777 vetical . Y
fact’ Wy - pesign head

C- 0gec spflll.pa_j with greater _

flow" ' -3 Elements' 'of nappe-shaped

i crest profite
] s A .
Cside- channel spillway:

— Tt {5 the one in which the flow, after passinj evey q weir

(ov) aﬂ@e, ¢vesk -
-2 Tls clischarjc, chavracteristcs is  slmilay +0 ‘overtlow spillmaj.

— However, the. Flow ofF this SPi“wﬂ:j may difpet from ova-rf—Llow
Spillwoy .

— This type of spillway is also desivable where the spfuq;aj
cll'scl-xauje, is t0 be connected to namwow A"Sﬁ‘ﬁﬂfje, channel .




]

i, Cl-\u{:g (or) Trough spillway .

TL is the one. which passes the surplus drscharge
“Ehrauﬁh o steep sloped open channel, colled o chute (o)

&o(ﬂh SFfliu)aﬂ.

CﬂI’\CYﬂkc block s

e —
e —
—m.

-——

Tile dvouns -
€ condwt (o) Tunnel Sgill@%’:,
Tt /s the one in which a closed channel is used to Convey

the CL"SC"IOi‘]C around. cor) under a dam .
1~ These spillways are Acs::jnecl 4o £low Par—HJ £full .

— Full £low s not allowed in the tunnel (on) condult -
£ %tor) éffP M (ov) movn:’nj 3«‘5"5 ‘?fi.ﬂﬁl"j"
— A shoft Spillwaey ﬂormod{j consists OF "H‘urc,e, elements -
i- Querflow comtrol wery
N vertical cortvol
i closed. cll'Sc:ha:rjc. chamnel -
3 Siphon spillways -
7 There ave 36,-,6,(% two +ypes.
- Saddle siphon Spillway .

ii- volute, siphon SPillwaj

o/ -1 -P(7 NOd ’LAL__
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f]?m devices %ww s&%
| Provision of Cup type basin -
- Provision of titked outlet
3. Provision of auliary (ov) baky siphon .

q-j:rovfa'On of Steps:

5 . provision of Priming weir -

De,sfﬂn j;ll{?&lﬁlg‘s 2{‘— O9ee & illwauy -

The. most 3ene,ra15 vecommended profile ©Ff an 0gee spill

—waﬂ is the one. which offers raaxXimum hdc[muh’c E_Hl;‘ciencj ,

Shructurol. stalaili{-_c, § economy- T+ must be able to reduce thy

formulation of Okjectionable Sub- atmosphen'c pressure ak thy

surface: P desivable ogec profile ' designed. 25 Follows.

I~ Down &tream }voﬁ‘le of-an 0qee 6pl'lla.x:j :

(W WLV

4

A
=t Pl 4

—>The. downsteam Frofile of- an ogee 5Pi||uJGj is vepresented

with khosla's formula -

= kH-d"" y

Uﬁ:‘f"‘ﬂ? P? "On'l_a‘/’_l_‘



wl‘lel’t ’
X, Y—> Caordinates of the points - :

Had — pesign head -
k1N—> constants which depends on the inclinaton

of uj;s-l:ream side Of -SP'l”LL)Oﬂ .

i - upstream Jrofile Of an 0gec éﬂ%
> ypstrear” Jrofsle

o2q He
135
3; o3k [1—}0-3_:] HEJ ar33s 0625 -
40136 He —0'H als He [;+O' &4H¢J
Olgﬁ v : 3 ] _' HEE R e ' ' =
Hg '

i 0FFsets g m on upstream)

The conskuctional cost Yeduces when the offsels &
visexs ave Jrovided on SPil[uJst be remaving a Portion of concrele
on Uls SectHon .

v - p}essurc wspillng surface
The pressure con dition s olepenoll'nj on the cic’S{jn

head are 3‘1’ven below -

a- The j;re,ssur& on c¢rest is Positive 1f the actual head /s
less than the c[esfjn head . |

b The Pressure on crest is negative I the actuel head Is

Vbl pg vormy)
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{s moye, than the clcsfgn' head -

V. Ovifice £ow:
PN

M’\M—

This How oceurs ot the openings of pask gate (N Ha

Sﬂiﬂd- GP"”waﬂs' Te the crest Profile i3 steeper than one, then
o Sub-ahnasphgvl'c pressure. 13 Onjl'na_{;cc{ at- Crest immcels‘wl:dﬂ
below -the ‘jail_'

vi- corbel

—--=1
i T

i Y -

G S ~

" ! —> crustbevet —

Non-oOver  ——— _ S

flowsechon 2 d“"l ~Covbel— =

7 b g

g U

Ao 8 L —

S e

b b N — e e o ———-

v — —— e emm—— guime  p— -

a ., T e

< Q < o

€ Q=Cd Le Hesh'J

wheve ,

Q — E)fsd—ar\cje, in cumees
Cd —> coefficient of discharge -
Le —> Effechve L:enjH\. bz o :

He—> E ffectve head -

Vot Ut Py no: ,57:-L




Gates

§ﬂlng Gates (or) §j3ﬂ lﬂ'aj Crest

Def:

. L
3j>|l|waj Gates are also cCalled as "5{.0? Gate ) “S'PHL ‘U‘iy

P ,
Crest dates” ave adjustable Jates which are used to controf watey

flow in rvesesvoly , Yiver, Shreams etc -
——)'l'!'\e\lj also acts as bayriecy for the storage of additional watey -
—? Gates can be. provided to ald iypg.s of Spillways, expect Siphon
spillway | because the vaise in £lood Llevel i ﬂttea_Jj small. compar

-ed to the other types of SPiI!uJajs : @
Jypes
— The. £ollowin \9 are some of the common types of Jates used
~for SP{(lwaﬂs:—
o Flash boards
b- stop log s § needles:
c-Radial gates(ov) Taintes Jates: i
d brum JQECS O

e - veytical JEE gates
£. Beay trap 3a£—cs-
9- Rolling gates

a: Flash Boavds

— These ave the temporary Jates, used only far small Sfl'lfu)‘aj

of minoxy fmparfcmce.

—->"Tﬁed conslsks Of wooden panels supported by pins on e

Untt :EUTPj No4 /{-a_

T —




(29)

ackjeﬁ

— Tt may be eithey baced (ov) hl'njea{ Cory automadtic .
—>The flash boards are two types -

[- "[Empo‘rurj

ii. permanent

Il These are very simple -

— These. ave made up of wood (ov) panel -

|6 shop dags & nedles

Stop logs

— T is made up of wood timber Logs -
> They consist of hovizontal Hmber planks Spcinm'ri'j ‘across piers
howing grooves -

—> These ave Placed horizontally to spil luways .
Needles

— Tk consist of wooden Planks -

—5 Trese ave placed inclined position to Spillways.
— > Tt (S mode up oF wooden lcgso

C' Radial ﬁm%&

— T4 is also called as “Tarnter 3ate$-

A e

—> Tk is made up of steel plates .

— The jakes can be litted by means OF ropes § chains .

a- brum Gakes

———p—

— Tt is normaliy used foy long Span -
L Ot PG Nollgy,



—> T+ is hinged ab the centre oF cuyvature |
— Tkis enclosed on ol the three faces § at end s Le form a

Wakey - Hght vesset:
e. verticol lift gotes

A At AR

o

h-—? Tt consists of a frame work of Skin}lqlkc at the vls face
— Tt Is Yeci:anjula-r in shape -
> There. ave Several types OF vextical Lift 9gakes

i Sllbln'nj Jates

ii* Fixed wheel gates-

i S*"“f‘j gates

£+ Beax Trap Gates
‘_"I-L-’ consist OF two leaves of eithey Himbey (ov) steel hinged
4o the dam:

— These. gates are often used for low navijaﬁon bt

+

<F Rolll’;?j Gates
—> Tt consists of steel clﬂln'ncler-
— The gates is rolled upthe inclined vock by means of puld

i

£yom the hosznj cables opewations from the hoist Yoom .

k

Enerqy Dissipaters
| et
) The. water Flowing over the. spillways acquives alob:

of kinetic energy ‘i’_‘i the time it rveaches neav +he toe of

Sp'nllwaﬁ-

o




- &)

O

— T&F&S of &nargd CL‘S.SI'Pai-orS are of- +wod fHP@é‘:- ]

— “To dissipake this huge kinetic energy of waler§ redice lagL
Scale. OF SCOLL’rl‘ﬂ_? the. Structural arranjamen!: Is made (s
calted as tlEm':lris.] pi'ssipaters”

—> Energy drssipater {3 a device -

Types

a: Sh'llr‘nj Basins'
b -Bucket type -

Types of Energy
bissipators -

1

skilling gasins BuCkcf—'i-gpc . '
| I

Slotted | lopi-;

volley
bucke bucket

| Hydvaulic. Jump L.T el Dif-Fusion TSch

] Al
Slopinj |
Rpron

TYype g basins

e

Free Jet
.s%ilh'nj
basin

St l[l'n_cj Ba.sins

Def:

The, device which is used for energy dissipation Fully (br)

s e
Uit -ty Pj Mot 34




T v— e — = =

—_——

jmrl—iauj_f& known as uSl—illfnj Basins .
Thpes!of 'stiling basins:
— The stilling basins are classified as.
I USBR +type s{-il!fnj basins-
i Indian standard basins -

S-Hllinj basins
, i k 1
USBR Al | Indtan standard 1
Tpe-T. TYpe-I Type-jiL
Basin Basin Basin
Horvizontal | sla;:inj
£loor apron
~
TYpe-T TYpe-T

Tgf;e—DI | Type-[¥]

USBR Type-1 SHllfnj basin

I W

— T+ (s Suitable for the Ffroude numbey varies -figm Q5 Lo 4.5

— T4+ contains of chule. bloeks -

— T4 is mosk Suitable for effective dissipation of- energy

|

o

I
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— The c[epl,’h of wate

The- groph (o
(3:‘]5’ clfscharjc, intens

n

e

T

sequent
depth
{42)

—The depth of watey is about 1oy,

TIndian standard Type-T Basins

— Tk consists of chute Hock , basin blocks etc.

Jump Height cavve (3HC]:

v Should. be. less than 1110Y4s

) Curve plotted between sequent depth
ity (1)

3

>

Tail Water Ratf

O et "l g

The graph (o0
& ch'scharjc, ntensity

-

Dl'SChorj e Intens |’&3 —

ng Curve (TwWec]:

rad

{a)

Cusve j;lo-H.-f.ci blw tail woter depth [4,] "
(4

ol wale! TWRC
Ael th
(s
Discl-n(j& 'In{-cns-'l'j —>
(a) “

oLt Pg ”0"91//1_,__1
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