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A \cjravi"-j dam is a stucture S0 jDI’O:POTHOT}ELJ that its own wej
“ght vesists the forces exerted Wpon it This type 6f dam is the
tmost Permanent One, but Yequires little maintenance - This type

of dam 15 most C.OmmOnlﬂ used - A 3raviij darn irncty be conshyuck
-ed erthey of masohry {ov) Concrete- '

Forces achiy eng grauity Dam

— The -Follou)frij are. the vavious -forces acting en a gravity dam:
a- Waler pressure .
b- uplift pressure
c- Tce pressure -
d. silt jaress@ve -
e- Wave pressure -

£ Liind. Pressure-

k|

J° Eavthguake presswre -
h- Ldel:c]hf: of dam -

[ [a]
Wave pressuc p;u al
e— N :
1
V]s '
)
wakey presut ?_1
dioqrarm
Pe: j H : P m
A . Jressure d1agr
fuo |
1
l h “ :
6 5 D[ part |
: [}
$ P } v !
L 1o L—s,'” PIC-JW'E i ) |’ LR wH?
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dgnqm;cj:.yus,uu dia graen ml/?’_’:lﬁ Presse diagram -
diagsam W [HI *%-(ﬁ'ﬂ')]
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1 Eg ; i
a- Watex Jressure TR

i This is the major external force, acting en dam -

- When the upstream face of the dam is Vertical, the watey Jres
-Suve, acts horiz—ontauj.

Wi- When the upstearn face is Partly vevtical § Pa vy iclinedll the
veswltant water presswe con be vesolved into +wo Componendts.

a-Hovizontal coroponent (Por]= Hfé_t'" >
k. Vertical comipon ent{Rw]
Lw;vlﬂ Fressure,

I- T¢ is the pressure of the watey which is ac{-i'nj on the Bodj
Of the dam -

@

i~ A Pportion of the we\!_‘?H: Of the dam will be Supported an the
U-ﬂ:uJaYd. j'D?E_.SSure, of wakevr-

C Ice jmress wre

i Tt is the most important for dams constructed in cold Countn

-e5
Iiil' 'TBE, Ice ‘Fome.d on t"’)& UJO._L'CY su.'ﬁﬁzc_a OF ﬁ)e_ r&SCTVOI.\F-I.S SU.E‘&CC
—ed to expansion § Contraction due t0 temperalyye vayiations. |

iiv This fovce, acts J?ncar}j a'arfj o Jﬁnjfh of the dam, at the 1|

vesevvoiy Jdevel - }i
d- Silt Pressure
i- The viver bxings silt & debris alonj with it
ii- The silt Joad gets deposited o an appreciable extent when
dam 1s conskucted -

i The silk Pressure is given Ry !

ey
P = 4-3s'hs Lootnd
r+smq$

Untf ~TTp § 001 Db |
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li. waves arxe. Jgﬂ&ra'lreé On ‘ﬁ"le) YeSCTVOI‘Y Suneqcc, bac_a_u_sa O‘F -I_—i.t
I

C

e

®

e lWave Pressuve .
W e R

wWind blowing over it
ii. Wave, pressuve depends on the height of the waves developed -
£ M Ppressure. :
i- T¢ {s a minor force
i Tt need kcmllﬂ be taken into account for the dasfjn of dams .
iif- Wind Ppressure i¢ vequived +0 be considered only on that Portion
0f the Supev Stucture -
Ve Novmally, wind. pressure is -taken as L 40 1:5 kNlm™ £or the ayeq
exposed +0 the wind Fressue-
9- Earthquake fressure

- The earthquake sets up primary, secondary, Rc:.j[egln € Love uJa_ue_g
in the earth's crust-

i The. wanes impart accelevations to the foundaliors undey the dam
& Causes its wovernent -

- Ea.rfhﬂllmke. wave, may +rvavel in and dicse i
b eight of the dam
i- T+ is ma’ov resisting force - | _ g 0

i Foyv ana.l.jsn's .}U\j:osc,s,aenc\roﬂj, unit Lenj‘dq of the dam is Conside
~ed -

i The cfs Of the dam may be divided into several -L-v?arzales &
vectangles - | |

. The +otal toe,n:jkt— (W) of the dam acts ak the C:G of its secton.
Qd.varrlrajf_fl Mevtts efv 3{% dam*

- Grovity dams are mlaﬁv% more. stong & stalde, than cart,

Uni4-21 P9 NO-'.OZ;/-',_I



dams

it qravTEj dams ave well adopted for use as an Overe(py spiluw
-0y Crest-

i GlTaAJHj dams can be conshucted of any haii?kt-

v c-"a””i'f dam is Sfca'alﬁ swied +0 Such arcas Where there ['s
diketihood of very hecwd clownpour.

V- Tt is most Perranent tyre of dam -

vi- Gravity dam vequives the least malntenance .

Viiy The failure of Sraviij dam is not Sudden .

Vilt- Tt is cheaper-

X Tt vesists its own wei%t § forces exerted upon it -

Disodvantages [De-merit s Limita tions of gravity -dam:

i- TF can be conshucted. only on sound rvock Poundation .

i The initlal cost is HJH, comgpared With earth dam .

ii- T+ 4okes more Hme +to conghuck:

iv- Tt vequived Skitled labour -

V. Tt is very ditticult +o allow Subsequent vise in the. he:jhi- of
a gravity darn -

Modes of failure : Stakility Requivements

™ The following ave the modes 0f failure of a gravity dam:-
a-evev—fun'rlg failure-
k. s“d;rlﬂ Lailure . Il
C: Compression (or) C.ruslnl'nj failuve .

CL- Tens;on "FC(“U..YQ ¥

_—
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o Ouey tunin 9 Fatlure

A oV A

li- The Gvex-l:wmfrj of the dam Section +ai<es Place when the reswld
-ant force. of any Seckion cuks the base of-the dam downsfrcamr
of the toe:

li- The. focloy of sa{-’c{j ajqinst— Ovey -L-ums'nj is defined as the ratio

, Stabilsing ;
of the Y F{g}ﬁ/ﬁ moment (+ve) to the ch:rfmninj rmorments-

. )
ie .
TH sfabilisnzj moments (

t

‘ Fs = .
T overtuw ng moments
My
@ -
| SOFS = XMs
Mp

‘ wheve,
Mg —> stabi ll'SI'rj moments

Mo — OVQY"hJ.TnI'nj moments

il- The Facor of SQFe,Ej o.jainsl: Gveﬂ-umfnj should not be less than
|
5

!

b Stidfrlj iai[,-%

i- A dam will fait 'n slidn‘nj ot i1ts base .

Ii- The yesistanc against sliding may be due +o Frictron.

- The Poctor of safety 0gainst slidi’r‘wj is defined as the valtio of
actual cocfficient of stalic Fricton (L) on the horizontal joint
+o the \slfch'ﬂj Friction -

Fs = Pctual Coefpicient of stakic Fricton(sr) |

Hovizontal joink to the sliding friction.

TH

unid —_TTPJ Mo, OS'ZH



C: COYT')j;YﬂS.Slon {ar) Cvu_shmj FLailuve
— The. total normol Stress can be determined bﬁ the sum DF
the divect % Eendmj Styesses -

X Direct e ss = _\{_;

¥ Be,ndmj tress= + 6ve
L')—-
¥ Totol normal stress (py= V. [‘16&]

— Novmal gtress at the toe (f)ioe ___[l 4 6 “J

I— Noymal. styess od the h . e
=Ll R

|

—> The maximum Cornpressive stress o o0Ccuy at the +oe, bhe
above equation should be legs than (or) equak to the allowabfe

Compressive Styess “£"

b

L Tension foilure 2o,y

Bty e maj occurs When the resultant styvikes the middle
thivd Fortion -

it- To aweid failure due to tension, the vesultant ghould ahoatjs
Jie within the middie “thivd portion -

—> The tension (0r) hormol Stress at the heal -
R =k L e
Enjhm =i [l G_'F;J

b
—> Fov no-tension to develop, '’ shoutd be lesser than £ g5
6

that- the. normal Shess not- the heal would be ﬂcga.bivc-

NF‘ — e S i
iv- The F-0'8 against sh'clfrﬁ should be jreafej than &0 - H

i
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E[emcn{atj Profile & Practical Protile of _gtjrauit'j dam
o Elemen-barj Profile of a gravity Dam :~

D

—

E‘Cmﬂnt ag 3910&.[ C

H )
H b J,\\a
o I SIS
al—tii & Mg NB
et )
b2 bl2 e
= 4
lU
cwr
L

¥ Elemen’rwﬂ Profile of o jrav;l:\j darn ¥

— Consider an elementary Frofile +o be +vian  qulay in section wiH
Zeve Width ak the water Jdevel (e water Fresswe is Zevo] § mau
“hum wWidth ot the IoaseU-e.. waker Pressure is maﬁmumj

=2 The section 6f an a[ement—aﬂ Frofile I8 quite similar to the
Shape. of kgdros%aHG Pressure.  diski bution ‘J“.Qj'ram. :

—)TH&-Follow'nS fovces acting on the elementary Frofile of a
Jravity dam ¢

i- Weight of- the dam(i]
ii- Watey pressure (P]

- Wphf-t Pressue[v])

|

untgr Pj Vo ﬂl:lfg_’




" Liefght of the dam () :

W= —2-bH: fw
wheve,
f— specific gravity of dam matevial-
W— unit wei3 ht of wader -
i - m j’fisf&lc (¢]

-1 0
P-'-S-'NH
lii- Upligt Pressure (u]
=4 L.
U 5 CW-bH
(..O"mere,

C— uplift Pressuye, fnJccns,'-l—ﬂ coefeicient -

Bose width gf e,lcmen{—arj j:-*roﬁ'le.

The boase width of the e,leme_n-':a_rj 3>roF-l Le s +o be found unoLu’
+wo Critevia ’

o - Stress oxilkevion
E-S{:abl'liﬁj Lor)élfclfr:? cri kevion .

Stresses dcveloEed in fhc, elementart elementary ProFi'lc:

o - Normal Stress.

b- Principal stress at +the toe.

C-Shear stress atth, toe.

AT AL es/\:
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b- Practical ‘}YOFI'[C of a giavity Dam : -

it P
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* Practicad Profile of a jmvi{—j dam %k

Profile -

te Provision of -

O

. Roadway ot the +op.

it - Additional {oads due +o the roac[uJaj-
il Free board .

77 Due 0 these Frovisions, the reswltant force of the, Weight
“d of the base of the dam when the vesevvoiy 18 £ull .

=2 To eldminate tension, some masonry is t0 ke Provided. +o
the wpstream side

—? The e,Lemanca*rj Profile of the 3raU;"_'j dam is only a J"“-”‘“"-"C&“Cﬂlq

=2 However, Such a Profile is not Fossible in practise becoyge of

of the dam § the wWaker pressure falls oukside Hhe middle Ev

Unth -1t PJ No:o CI/"-I
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Free board :

R il

Free, B@&Yd = _g_ l"u) + l»\)l.hc‘. Set~- UP\l

Lu‘mi{-inj bfljht of a gravity dam :High & Low Grawity dams

Limi of bow rasity
dam -

. - = - -

o Lowdam

k. J‘hjh darm
= The ﬁinﬂjbaL Stveas ot the toe is given by:-

ST = WH([f-c+ 1]
—2In this expression +h.er onlj vaviable CHanJ?rl? the value of o
IS W, The maximum value of this j;\-t'hdpaj Stress should not
exceed the allowable, Stress (£) for the motevial -

£= o7 - WH [j—c+i]
—7Fom the above equation , +he hezjh’c'[HJ is :-

H=_# >®

w(f-c+1)
Now, put Cc-o, Locgd,-

e L —> @)
w (f+1)

— The moeourmuwm Compressive Stess will exceed the permissi
—ble ghress-

Unte-TE prgeoslof,
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— B. hijln jravi-tj domn 18 the ore in which bhe he.u:ﬂhi:[l-lj I's more. than

- The. me'rﬁnj kc@htclc-ﬁncs the distinction between a JLow § ""JL’
gravity dam -
- A low 3ra.vfi'j dam is the one in which the he{jhk (M) is less than

the €9Q), so thal pratimum Gompressive Stress is not Greaker th
the allownble stress .

the eq(). So that the compressive stress with in the Limit - J
Factor of Sa_-Fe.{j —Si:a.bl'[l"l'j .ﬂ*\a.ljsfs, Foundation for a. C—]mvitl’ Danj
A W W P IR A P e Ay [
Foctor 0F safety
Foctor of Saﬁ'elg is also known as ‘Safety factor, 15 a_texm
a[esc\ribfnj the. load cavrgl'nj Caj:abilfﬂj of o system bc;_ljoncL the
Ci.}ac{-cd_ (ov) actuek Loods -
55\‘:&5‘[!3 Anal 5|5 | ‘ |
The stability analjsls of o jwen Jraurlj dam seckion may
be carried out by the -ﬁotlowlr_\j methods ‘-
i G[mv?l-_t_, method (or) Two- dimensional me thod -
o Graphical method
b nmn:,ﬁcal Friethod -
. Tyial toad Hwist Hiethod -
iii- slab ana.loit, rmethod.
v+ Latkice analogy rnethod -

v E:(_}cn’man‘l-‘Ql riethod :

i
o Divect Hiethod -

L “Tndireck rriethod. -

i : TR (Jﬂ:"f—ﬁ P&ND_-”/Q_I-
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Q.- Graghical method

T m tmethod (ov) Two- Dimensionad Hiethod !
S Y ol e

1o be composed OF Ppasalled sided vertical cantilevers -

~> The loods (or) forces are vesisted cnh’reij by the self weight of
‘ L
- the jvavlliti darm -

I Tris method is easy § aceurale -

|, Bther method of design & analysis ave complicated § +ime onsu
: —m?nj- v _ A ;
— Hence. j:reh’mu’nalj calewlations are always done with the, help
of -kb\'s method. - '

= Tt Consists of 4o methods
L a-Graphical method . "

b’ Hnaljﬁcql method -

L als afs vafs ' N
wry i 2E

|
—-—
R R s I
1

r‘ L]

e

Trmey m

Trner middié thid ]

>
[}
i

-

> This i5 an appvoimale Method in whick the dam is Cohsfolercd!

o
:
S2
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&

—> TIn this method | the dam section (s divided ints horizon tal
secHon (-1, 2-2,3-3 etc -

— Bt Some suitable inteyval (or) ak the Pplaces where slope chanjcs-

—For each section, the sum of all horizontal forces (£HI§ Ha sum
of atl vevtical forces [gvj are caleuloted Ly thi's method .

— This Procedure is adopted -for both conditions :-

i* Resexvoiv full condition -

b- Analytical Method

The skabilﬂﬂ ﬂnainjsis sz the anaLchal method s done in

ii- Resexvory ernp'lj condition . “

the. #ouow{rlrj skeps:

i consider unit lengtin of the dam: Calculate all the vertical loads
acting. Find the algebraic Sum of vertical forces [(ZV]

ii- Find. out the sumn of horizontal forces (ZH] % Ehe horizﬁnéc;l'Pre&Su
“ve due to hydradynamic Pressure.

iii- Find. out the sum of the over i:uma'-j moments [£Mo) by :-

M= ZMp-ZMp

X=ZM
v
V- Fird. ouk the eccen{w—s'ci}j te) of the vesulbant (R)from the cenbe

by -
3 e=b _X
£

vi- Find. the normal stress ok

C o = 2V {1+ 6=
a Tee Oof dam - Pn S [f b]

e
e

iv- Find o the location o the vesultant forces[r] from toe by

h
|

Unr{-df P-O'L No:!
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” b-Heel of dam :- Pn;_z;b\_f_[,,%]
Vii- Find. out the Pprincipal § shear stvesses ab the Hoe § heel -
"Vil‘f- Find out the factor of safety against everﬁ;mf_nj by :-

Fs = ZHMer
“ I Mp

- Find out the factor of Scl{-’e{:j o.jafn.s,{- Slc'all'nj l’j .-

8

o slid\'nj factoy - SF = UTV
I+
b sheay friction factoy : SF = LEVtbe
TH

C Factor of SaFe{j ajainsl- Sliding :

f—"LP | )

ZH

Foundation ior a m{j i“’,ﬁ‘

The macterial undey Lying the base of o.dam, the
foundation op the dam must be S{-rorzj enough §& capable to
with Stand the foundation Pressure, exerted on it under vavioud
conditions of. loaoll'nj- Most Of the failaves of +the dam have
occured because of failure of theiv unicryinj state .

Foundation +reatment

[

The foundation treatment Commonlj adop‘red Ffor ald
the foundations can be divided into g steps: - |

&'}Y&j)aﬁrjj the suvface -

Otk Pgeor i

@



- TE faulte § folds ae occure

‘;.,

b- Groutin g the foundation -
i- consolidation grouting .
ii- cartain jrouﬁ"g-
 Rrepainy the duface
i+ Remove the entive loose Soil 4l a sound bed vock is exposed -
its The ei@a.ua{—ion should be carved out, in sucha way that the under
-lying vock. is not be domagcd-
Alfn yock Zone, then special steps &
vemedies should be done-
b Grouting ther fourdsrton ©

The. foundotion grouting can be divided in-to & subdivisions;

i. consolidation 3TGL'Hﬂj-
i Curtain 3rou:Hn3.
Gallevies "

ot
A jaJJ-ﬂ"j is small Passage in dams to Pprovide a path to the

intevior of the doam for \nspecton § maintenance: Tt (s used N
dams for various Purposes such as 3-,ou+|'nj,;lrm'na3a, housing, PumP""j'F
contvol of 3al;cs 7 o4 hex cq'uI'chnl—s elc - Y

Types of Galkeries

Gallevies ove broac[[‘tj classified into Five Hypest
a.- Dvad noge 30115\«5 ;
L. Tnspection jalle?y -

¢ Foundakion gallery -

!

—
——

unitt pg Noit 3,




e Grouting gollery.
% Drainage gallery
— Tt may be ottached +o the foundakionlor) Tt may be separofe{ij
$rovided depending upon the size of the dam.
— If the dam iS hf\cjh then it yequires & Supplementary drm‘ncge gallery.
— Tt is localed af a distance of %—Yci of bose width measured
from upstreom-
> Tt is usua.Uj J:Yov'tcl.-_cL in the decpest portion of dam
— Drainage holes are dritled in+o the foundation for the dvafn

Purpose -

k- InsEcc{-ion 3%‘1":55 -
— 1t is used for in spection of- damn through the passages provid
-ed bJ the Sailerj.

t—> Tt is also used for re,cordinj f analysing the observotions Of
various instruments § devices installed in the dam .
— Tn smad dams, MO Seperate inspe_cﬁ'or\ Jﬂﬂﬂ‘[}j iq P\'ow‘cic!.cl‘.

— gut) in large dams, seperake inspection Jallery I's provided -

Ppurposes|vses of Jalleries
jﬂiLﬂf_lj is Lormed in

—7 Following are the. purposes for which o

dhe domd -
[. To provide dvainage of the
N0 vaicle, Lacilities for Arillfnj 7 3rou+inj ope

dam section -
otion s for founda

—HonS®
i- To Jrovide Spoce fox header & vetuxn pipes-

Uof/ ~AL.P] NO! M,‘M
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Structuye -

V- To provide access of rrechanicall contrivances -
Shqees C&E*go.l.lcriesz—
—> Two ’cﬂpc&'-

o R&c{ranjulaf shaped -

I b- Ovel shaped:

i RETEFCR
] -
- bt )
. et . N
v et e .
- , a L3 -

. S
D_“"t

a-Rectanqular skaped b oval shoped.-

-l The -Fot(ouﬁnj -Fi?ure, 3:'\/&5 Jprofile of o Sravitxj dam with veseyvoir

level as shown: T the Coefficient— of Hiction is 09§ we{j ht

= clensit-j of Concrete is A:utfm? check the sofety of the dam

'\,__,'

againsk Sl.'c[inj g Gvcr{-,-uwm'nj. Assume any other dakta if~ not given .

ar

T

oM

\oom
|

Q3™

~
.

Hs5m

@
iv. To j;rovfe[c access to Obseyve § measure the behaviouy of the

-J

|
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Given 4&):0 k

1 : . 1 T F AL

Cocfpiclent of Priction (W) =02 ..
uJefght densf{j Of concrete = a-Ht[m3

H=93m

h=foom

Prea {p)=3mM

Take (W] =1000
Caleulation
L

— Water Ppressure (p)= WxHL
axiooO

- e — - ___--—_—-._ﬁ
undt =Tt P-‘a vo! 8 }u

T —




= poox(q1)*
Q000

P=uy3z0y.5 ~L—on_ncslm

—> Self wﬂbh{— of section (1]

Wi = Area x Wel'?h{' clcnsig [":ﬁrea; be_']
= Jxi00Xay
ll:h = 1680 Hﬂ

Ofl—»setg Lue_'t’JhL- of section (3]

Wy = '?li_ %69 % ‘loxa-q[weightdchsi@

=]

wa:qsuqtlm]

S Totald self ch.?jM- Of Contrele (W] = Wi t+wa

W= 1680-+T3 Y44

W=qo0antm

< Factoy of Saf—’elj ajainsb Slfc[inj is 3fven I?_ljt-

it

=0'8X 902y
Yy3oy:s

Esapu—g = lsau>d

. TThe value, of factoy of Saﬁdﬂ against slid:‘r\j is greatey
than 1 § hence the dam is Safe against 5Iu'clinj.

ond e P'(f’ roiLqp,




Moment due +o0 Self “,jéijyj of dam *-

N L WV bt

Mw= ((Ixiooxat) (6139 + [ foxts xaa) (%5x44]]

Muw = 453048 +[m

Moment due to uplitt force

Yt r W NN NP

ol '
Mup =-LxT5x1%x100% L-X5

I‘ Mup = l%"—fsoo]

W due 1o horizontal Water pressuve

Mhwp= 43045 th;-

lM[,,wF: [9&Ir 66T

Ove\'qumiTj Moment -

S Moy = Mw

ZTMov = l-|530'+8]

Resishing Momenk

L A

ZTMye = Mup+t M},wr

=—i{g83soa0+ttsall2. 667

[Zme,z 3346|q-155ﬂ

* Fackor 0f Safety ajo;'ns‘c cucfh.tme‘nj IS given by:-

Fov = ZMoV
ZMre

= 1453048
339612-1667
Fov = l-aaqu-S]
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S The valwe, of Pacter OF Sa.ﬁelj a gainst Ouertwrni?j is less
bhan 15§ hence dam iS unsafe ageinst ovex tuxning

—2 Factor of scu”-e{—U against sb‘dn‘nj

ll'{g:uxw

i
— Factor of Saqfc‘g.j ajainst- gveﬂ-umfnj

ZMye







