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SYNOPSIS

Normally the hydrodynamic pressure on structures
in water are evaluated by spplying Wastergaard's theory
or Zanger's theory. Those theories consider the gtructure
to be rigid. Same theories are adopted while computing
hydrodynanic pressures on esrthen and rock fill dams .

In case of masonary dams the hydrodynamic pressure scts
on the upstrean surface. But the action of water is
a little different in case of rock £ill dams. The
action of water is not only confined to the upstream
face but has also access into the pores. The reservoir
water in this case 15 zshlie to communicate with the water
lnsiq;a tho pores.

In thig thesis virtual mpsses on sond or gravel
slopes representing upstresm face of eaxrth dams have
been found experimentally. A comparison is mpde with
the recults obtained by applylng Zanger's theory, troatr
ing the dam as an 1mpervious rigid body. The author has
also tried to doternmine the effective uﬁ!t weight of
the fill which should be considered while computing
the inertia force. Effect of reservoir wator on the
damping of the structure is also observod. It i
observed that the sdded mass obtained experimentally
i3 losser than that obtained by ng&'s theory- The



demping howaver increascs with increase in the level

of reservoir water.
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NOMENCLATURE

Radiusg of cylinder

Area of cross section of.stand plpe
Velocity of sound in water
Modulus of Elasticity

Void ratio of the soils

Erequency of the system
Acceleration due to gravity
Specific gravity of the solids
Depth of water in reservolr

r

Moment of inertia of the legs of the model

Bessel functions of the order O and 1

Modulus of elasticity of volume of water
Stiffness of the leg of Model
Coefficient of permeability

Length of leg of the model

Effective mass of the system

Time period of the ground motion
Natural circular frequency of ground motion

Unit weight of water
Any instant of time

Weight of the soll sample taken in the pycnometer-

Anplitude of vibration

Define the displacement of ground at any instant 't!

Depth of water in reservoir



Yo Y3
ReYe2

r,0 , 2

Modified Bossel's functions of the order of 0 and 1
A

Carterian coordinate axes

Cylindrical coo rdinate axes

Inclination of surface of fil1l to wvertical
Selsmic coefficient

Velocity potential
Hydrodynamic pressure

Moment of water particle in the direction of x and y
respectively.

Pamping ratio



CHAPTER =~ X INTRGCDUCTION

A body standing in still water 1s actod upon
by static water pressure. Rt when the water is 4n
motion, some additional water prossure is imposed
oh the brdy due to inertia of water. 7This additional
wvater pressure is called Hydrodynamic Pressure. It is
of transient nature. Ag scon as the oscillation in
water cegses, the hydrodynamic pressure dissppears. It
give rise %o virtual and gdded mass effect vhich can
bs botter underatood from the following considerations:

A body, standing in water, oxhibits different
dynsnic properties than thoce which are obsorved wvhen
the same body is moving in air. The most affocted pars
meter governing the dynamic behaviour is the nptural
time period of wibration. Xt ig an observod fact that
the time period of a body oscillating in water 1s
elongated . Since the stiffness of the body is not
al tered, this indlcaﬁ: that the effective inertia or
tho effective mass of the body 1 increased. Tho incre
pse In tho mass of the tmj? is due to the effoct of water
This increase is definocd as *Added Mass® , while the total
effective mass of the body oscillating in water is defined
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as *Virtual Mass'!. Hydrodynomic pressure and the added
mass are interrelated. If hydrodynamic pressure distri~
bution 1s known, added mass can be calculated. The hydro
dynanic pressurc gives rise to adcditional forces in the
structure+ Hence its detemination is necessary for the
structures which are standing in water like intgke st
ctures and bridge piers or those which are stending against
water such as dams (Earthen, Rockfill, Masonary) etc-

Te compute the hydrodynamic prossure on plane
surfaces, 2Zsnger's and “estergsard's thoory are ususlly
applied. These theories assume tho gtructure ¢to be rigid.
lloreover the reservoir water has very little or no commr
unfication with the pore water. Those conditions are res
lised 1in a mssonary dam. But the same may not bs appli-
cable to carth and rockfill dems« The wvoids in rockfill
nass of the dame are particularly quite large end the
water in volds 1s probably able ¢to communicate rather

freely with the reservoir water.

1.1 ORJECTIV:S AND SCOPE OF THE STUDY

The oain objective of this study was to inves
tigate, by model experiments, the hydrodynamic effect
on the upstresn shell matorial of earth and rock f£il1
dans and to compare tho same with the theorotical values

as used for concrete or nasonary dens-.
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In the experiments differont matoriels were
uged for the fill with different slopes to study the
effoct of physical properties of the rmaterial on the
Magni tude of tho added mass. Damping in all the cases

wvas also found to ser the offect of reserwvoir vater

on the darpings

The 111 materiels used varied from fine sand
vilth mean grain size 0.70 mp to shingle with average
particle size 1900 » The permeabilitiecs of the
waterials ranged from 2.2 cm/sece to 110 em/sec.
™o upstresm slopes of 20° and 25° were used.
The slope of the impermeable core was 43° t horizorm
tal. The raservoir levsl was varied from full o
Zero. The wvirtual and added mass values are doter
mined by en experimontal set up, specially made far
the purpose, by measuring the natural period of
vibration by free vibration tests-

.12 OQUTLINE OF THE THESIS

In ChaptexryY 1I , a bxief review of the
preovious work done on the problem of hydrodynamic
pressures snd virtual mass is presented. Thaoretical
as well -ﬁ -xperimdxtal work dono is describod. The
nethod of epprosch and the assumptions made by vari-
ous authors to evaluate the hydrodynanic pressure

are statod.
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Chapter 11X deals vith the physical properties
of the matexrisls used in the experiment. Definitions
and necessary formulae +to determine the properties axre

also presented.

Chapter IV and V deals vith the experimental
investigation of the effect of the reoservoir wator on

dynamic characteristics of the model dam-

Details of experinental set up pnd technigque
of testing with and ?ﬁ.thaut- roeservoizr water is given
in deteail. The values ﬁf the added mass found expori-
nentally are compared with those obtalned by Zanger's
theory-

Digcussion of the results and conclusions
arrived at are prosented in Chapter VI-



CHAPTER XX REVIEW OF PREVIQUS TORK

2-1 HISTORICAL GLANCE

Most of the theoretical studies on dynamic
wator pressure on a3 dan consist in finding nui a
sui table soclution to the equation of fluld rmotion
with respect to given houndary conditions. Usually
it ig assumed that the upstream face of 2 dom is ver
tical and the reserwolir water spreads seni-infinitely

vith » horizontal bottom towards the upsteean-

The prablem 1o In reality a throe dimensional
problem and inwvolves many parsneters. Suitable assuor
ptions are made to simplify the problem. There axe
o points which have been changed, depending on the
invostigators, in the theoretical studies on the dynemic
water prossure acting on a dam or $nside a water contain
ers The first ig the compressibility of water. Soos
heve considerod it and come have ignored 1t in the
analysis. Sgcond ig whather the acceleration due to
gravity ig taken intp the equation of motion ox not.
The boundary conditions in all the ctases are more Or



less the sane, (4,5,8,11,13,21,22) namely, the body
is rigid 1.0 the horizontel movement of the upstresn
faco of the dam is seme an that of the ground, the
water pressure is Zero at the water surface, the ver-
tical component of the movement of water particle is
Terp at the base. The ground motion due to earthquake
~1e replaced by 2 simple harmonic motion for convenlience
of calculation~- There are few reportsc in vhich the
vibrational characteristics of the structure are taken
into account (9,10,14,18) . In one of the report the
irreqular motion as the ground motion during an earth
quake is considered (26).

BExpericmental work on this problem is also

' av::\ilablé- Various shapes of the bodies have been
exporimentally tested (6,8,18)+ In one report model
dans were constructed on shaking table and the dynamic
vater prossure acting on a2 model dam was measured
£15) - There exists a fow reports (20) where virtual
masses of bodies of warious shapes have been found
experinentally.

2.2 GUTLINES OF IMPORTANT STUDIES IN THIS FIRLD

X~ H-M-WESTERGAARD (22)

He found out the dynamic water prossure by
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solving the squation of fluld motion and propdsed the
formula known by his name, after simplifying and
approximating his solution. It is probably tho first

study ef the dynomic water pressurs on a dam.

Basides the assumption stated above, 1% was
2lso assumed that the rolative movement betwpeon ¢he
dom and the water particle 1g small encugh so that

the dorivatives of higher oxrder may be neglected.

Adopting the coordinate system as shown 4in
Fig: (1) the following equations are used as the
equations of fluld motion:

. B!
2
.::;E. o Jo 9%
* g 6%2 I tz'l)
dpy Wy ¢ n
oy ¢ ot
Bquation of continui ty:
r.
O ® K (e, f_’_ﬂ_ ) (2.2)
Ox - : . :

Oy

The ground motion im an aarthqueke $s assumed as

o 27 ¢
o = o-SLT o, 2T (23)
41,2 T

Various torms appearing here are,

h depth of water in reservoir



g =  Acceleration due to gravity

k = Modulus of elasticity of volume of water
{bulk modulus) '

X, = Dofino the displacement of ground at eny instant
lt &

o =  Hydrodynamic pressure

n % ® Movement of water particle in the direction of
% and y respectively

T s Time poriod of ground motion
Wy, = Unit weight of the water

Boundaxry conditions used are 3

1) | o !y-o e 0 (2.4)

11) ! n | =0 {2.8)
g x

1y % - - T 02 22 (2.6)

iv) ¢ approsches to zero in sccordgnce with

increase of x-

Solving the equetions and gubstituting x = 0 into
the solution finally We obtained , (o1

8« w, h (-1)
K ,‘.2 - .3,5 ng cn
vhere, ' Ts 3
v
Ch = J 1=+ 3 hz
n ¢ KT
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The equation was further approximated assuming the
hydrodynamic water pressure distribution as parabolic
with vertical axis: The approximated solution is,

o = cafny (2.8)
where, ' |

C 48 3 coefficient depending upon h/T
In the ;ange considered in this theory 'C' wvaries very

alowly,
with T >

sec

w -

h (310 ¢, C =0.02% ton/ft

310 ¢ h ¢ 540 £, C = 0.027 ton/ft°

540 (h ¢ 680 ft, C = 0.028 ton/ft>

Therefozre a constant value of 'C* could be taken asg,
C =002734.

v, = 0.03728 ton/?ts

S o o= 002788 < ny {(2:9)

Purther 9implification wac done by assuming that a
certain body of water 1s moving with the dam. This
body of wator conglidered in tho form of ice frozen
4¢n in horizontal lgyers (the expansion of ice due
to freezing was ignored).
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The shape of the body of water or ice was
deternined such that the inertia forces became equal
to the pressures actually exerted by the water due to
dynenic action.

Let 'b' denote the dimensien of the body in % -
direction at e depth *y' (Fig. 1b).

Therofore, corresponding mass per unit area of the

upstrean face of dam,

. X
9
. b
« +  Inextia force - :0 x%g = bw <
«+{2.10)
This ghould be equal 0 o©
* b o
- ) B vt —— -~[2-11)
ﬂo L 4
0.0273¢ « [ hy P
- e = [ny 22
003725 « e
From 210 & 2.12
o =5 w o« [hy - -+(2413)

(II) HATANO'S STUDY (11b)

Hatano had some objections to Westergasrd's
study: He corrected them and vworked out his own
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solution. The objections were, vhen (H/T) < 360, G,
is imaginary and testorgaard's solution cannot be

used . Moreover it is also unycasonable to put ¢ = 0

atx =« - Hig golution is as follows:

Yeke the coordinates system shown in Fig. (2). ‘The
equationg of the fluid motion are ,

2

o § . g 0z

642 w, oy .(2 18)
¢l n 9 ¢

E;i =T o 9 -
. o on

g = = K — i — - 50(2015
7 {6; ay) Y )

Hotion of the dam is (< g /P ) sin wt 4in the direction
of x whoro w 1is the circular natural frequency of the
ground motion { wa 2XA/ 1)

Boundary condi tions are,

y |- = 0 ee{2.16)
of < g
i |- 2] e L ocoewm (2417)
% xwp w _
18%) i °f |
— W, =0 «+(2.18
g ce2 LA oy ( )
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vherao, ,

4 of o o
° ox ot Oy
Solving:

4 « v, sinh K,h

O = ey cosh B, {y+h}cos{vtI x) +
o sinh 20h +2Koh %o °

r T H
3 “f";’n sin 23 h cosk! (yeh)cos(wt-J_x) =
m=l n sin:!(éh +x;n "

X 4« sin 2¢h = JgXsinwt
"Z ..."'.'o e cosK? (y+h) ~e (2.19)

meTel M sin2XtheXth

where K, = the root of X tanh kh =

/g

K'm = root of X tanh K*h = - ‘-'azl'g

2 -y
J, = |€%exZ

- 2 2 g1e
3 % xs for €2 5 k!

n o
2 % W
¢ =

He also carried cut model tests and measurcd the

dynamic water pressure acting on the model dan construc-

tad on a vibration table-



(111} ANZO*S STUDY (2)

13

He solved the two dimonsional Laplace equation,
in welocity potential {¢), subjected to various boundary

conditiong-.

Using the ¢oo rdinates system as in Filg. {3)

o7 02 of?
—— 4 ~——— =0
ox 2 oy?
boundsery conditions gre,
1) ' - X =0
oy y=h

2% a

1‘{’ \_i “":F‘*CQS"T -
x=0)

2g. Sg
111) 0¢2 T 9oy

{2.20)

(2.21)

onge g coswe

= 0

where, a = Amplitude of grciund motion

w = 2A/T

Finally the obtained,

of

@ = A, sin{wt-C x) cosh Cy(hty)+cos wt S

N}

{2.23)

Ao

(2.24)

(2.22)

o scn( h+y)



(2.23)

o = pif%--gv

x=0

where,
4 « g sinh Cyh

Co¥ (2 G h asinh 2 Cyh)

4 £ qgsin Gh

M -
Caw (2 Coh + 2in 2 D)

Cotenh Coh = w2/g

“Cytan Gph = w'/g
Dynamic water pressure is obtained by equatien (2.23)
and {22%).

(1V) ZANGER'S APFROACH (25)

In all the previous studles the upstream face
was congldered vortical but Zanger established e simple
formula, to calculate the dynamic water prossurc , app”
licable to the dams which are having sloping upstroan
face. The slope of tho upstream face was considered
to find a coefficient {(C) sappearing in the forsula .
He also gave relationships to evaluate shear forces
end bonding moments+ 7 4ith the help of these formulae
sdded mass can be calculated as given below:
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e = C% %h (2.26)

oy Y. | Y(eUX (2.27
S TN EREER AT E EEE THN B
Q.x = Mex- shesr force =0.726 ¢y (2.28)

d _
Inertia force - = _ %.x s 0:7% O -

' L‘.t\_ Cé\‘h‘.\ \ ' ‘ q '
= 0726 C g Yl

Added mass = Inertia force/Acceleration = 0.726 C vh/g

Added weight = 0.726 Cwh {2-29)
Total increase in weight = added welght intensity
x Area of which it acts
= 6'726 cenfh * An
“here, N

= gelsnic coeffitient

«

n

‘* = Acceleration of ground motion-
h = Maximum depth of reservoir

Y

s  Depth from top of rasorvolyr %t the point under
consideration-

Gy, = TDepoends on slope and 15 equal to 0-73(%6 ),

whers @ = Angle in degroos that the slope of dam makes
wvith horizontal.

In mogt of the studies on dynamic water pressurc acting

on a dam, the reservoir upstream cf the dan was thought
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tc be infinfte. But whaﬁ the upstream of tho dam is
considered finite, fluld motion in a reservoir
is, in principle, similar to that in a container
or outaside a body vwhen 1t is gsurrounded by wuater.
Notable studies on the ogcillation of the fluid in

& container or around a body are as followss

(V) LS. JACOBSEN (13)

Jacobsen publiished a paper in 1939 on impuleive
hydrodynanics of fluld inside a cylindrical tank and
of fluid surrounding a cylindrical pier. In his theo-
retical approech the three dimensfonal Laplace eque
tion was intograted at the surface of c¢ylinder with
the help of known boundary conditions. The _qmund
motion was considered as the simple harmonic motion,

x = £f{t) sin & vhero the ceordinate system show n
in Fig~ 4 1s adopted. The velocity potential equation

in cylindricsl coordinates i-.e,
lg 1

of 1 0% o
oe? ‘}r —s;‘*—! ? + ._2—63 a0 {2.30)

where @ = velocity potentieal,

{x,0,2}) = eylindrical coordinatss,
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The pressura is thenh determined by,

o

L (2-a

o = - 3

Boundary conditions are similar to those uscd by

estergaard-
‘ - 2 s 0 I
1) I ¥ Ilﬂ (Gg)!ﬂ) (2-32)
11) | e} =0 (2.33)
2eh

111) Tronslatory velocity (u) in the direction of x
at T =3 oust be equal to

' Oox
f'{(t) o= = cos @
T oe

i ox |
{.0., ;:' = - 'g; cos O . {2.34)
, roa

iv) Circumforential velocity at A and B is zero

’L w0 = '-of--
€0 X 00 A
. 0=3 0=~ 3

{2 .2m)

where, g = yedius of cylinder
R = depth of vator.

w = translatory velocity in the direction of

Z - axis.



Finally he obtained,

| of . , =
o = = w, = =cuf(t)Cos 0 S_ cos nXz -ApJ; (inXz)

° ot 1,3,5
“ 1/m% {2.36)
- K 3 (g ) o wdeem )
"‘n AR 3, (kg ) m s 3,(xz8)
4 L/n?

o X

1
v, (1K) * ", N1 {ika)

vhere 4 = l- 1l

Jon ‘1 = Possed®s function of first kind of orders
0 snd 1 raespectively.

Yo ¢ Y1 = Modifiod Bessel's function of zero and first
order respactively-
n = Intager

(¥2) H-0OTO AND K.T0KI (8)

They followed the game spproach as by Jacobsen
to find the dynamic water pressure on submerged circular
~cylinderical piers and obtained the following relation

to determine dynanmic water pressure.

-yt K, (€2
s @ (1 4 "1UnYcos 4.

o = { Ag '
%% mgl % h ﬂma X, (“‘m') *2( “m' )

(2-3)
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where

tanquhﬂ" :—- {2‘39}

Ko » Kl » I(2 ares the Bessel's function of the orxrdeor
of 0, 1 and 2 respectively-

{VIX) VERNER AND SUNDQUIST (21)

They published the theoretical solution of the
dynanic water pressure in various shaped tanks affected
by vibrations. The solution is as fol lowst

Congider a rectangular tank as chown in
Fig« {5}« Bquation of fluid motion and the boundary
conditions aro exactly the same as Testergaard®s case.
However, an additional boundary condition £s imposed
_ 1n thig case due %0 the finlte width of the resorvoir.

%9 7 2 e
I (2-40)
i-e-, -~
¢ lg L o f 4 A cos T

The expression for dynamic water pressurs is as fiven

here,
- ff‘_a«.,n 27t i___l___ 2“""!'!‘:“!“(.@:
22 T n M(2mn+l) sin y ¢
. stn (2n41) — (2.41)

<h



there,

x
‘] = A {2n+l) "'2%'

an
LI 'Lmu)xr}

-

J_g_f_ |
K = —_—
i 1~

(+]

f = length of reservoir or vddth of tank

The resultant of the dynanmic water pressure acting on

the wall perpendicular o % axis is,

_, 16 s 22t © . 114
R =2 -5 ¥ v, cog == -4 tonh
) T ad p(men)? 2

{2.42)

(VIII) G-M-HOUSNER (11)

Hougner calculated the dynamic fluid préaﬁure
n a tank theoretically-. His approach wags differont in
the'sense that he did not start from the eguation
of fluld motion. But he divided the actuel fluld
motion in a tank into fundamental motions and establi-
shed the eguation for each simple motion. Combining
the simple equations he obtained the theoretical
soluticn of the eguation of fluld motion. The fluld
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i3 replaced by an eguivelent mass system in his
analysis- In the theories reviewed above, cases of
dynanic wator pressure on cylindrigal water container
and plers ere also included to complete the review
work on hydrodynemic pressure studies. Morcover if
the reservoir longth 1s considered finite thon the
case 1s comparable to these of piers and water comr

talners-

All these theorlies except Zanger's theory
assume the water faco of the structure to be perfectly
vortical. This assum ption 1a quite reasonable in
masonary dams where the upstream face 1s vertical
Oor very near to vertical. Bt in case of earthen
and rockfill dams, where the slopes are of the
order of 3. t 1 to 2.0 : 1,  this assumption will
rosult In oxcessive values ¢f dynamie water pressure

and will cause uneccononical designs. .

Keeping this point in view the author has
used the nger"s formula for the purpose of coupari-
son of experimental values to theoreticsl ones-
Moreover following points emphasize the use of
Zangex's theory-

i- It is the only thoory which considers the

slope of upstream face in the formula-
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it 1.8« Code for design of shock resistant

. stxuctures also uses this theory.
248 The formula 1s simple and quite accurate.

Reliability of the formula was judged by
finding the added weight on an inclined mild gtoel —

plate. The result compared well with that given by
Zangor's theory.



CHAPTER III FHYSICAL FROPIRTILSG OF THZ 1 T2 .IALS
USED TN THE TEST (26)

- Fhysical propertios such as specific grovity
(Gg) » void zatio (e), grain site distribution, g 2=
meaMlity (K*)}) were det reined oxperimentally for
the foliowing materials escd iIn tho tost.

£. Fine sond (Renipur)
if. Coarse sand { Badarpur)
158, Ssoall siza graval-
ive Large sized gravel -

3.4 SPECIFIC GRAVITY

Spoci fid grovity of tho solids was doteroined
by pycnonstar mothod uging the follow ing relotionship.

Gy = Vs o " (3)
e * ™" 5

chere,

w Tgight of dry soil.

= Uplght of pyenomnter + soil + watar.
= olght of pycnomator full of water-
= Srecific grovity of solid porticles-

IR



3.2 VOID RATIO

It 1s defing? as the rotio of volumo of
wids to the volune of solid. It wos detmminod
fron tho folloving formule

Vs
¢ = (G ﬂ: - 1) (3.2)

vhers,

Vg = Wlone of soil sample
T, = Tetght of soil gomple
e © Vvid rotlo.

3+3 GRAIN SIZE DISTRIBUTION
It cvos detormined by sieve andlyscis nothod.
The Tasulta are in thy form of curvaes shorn in Fig.(9).

34 PERGBABILITY

Cosfficient of pemoabliity {K#) 15 defined
o8 the raty cf discharge of watar under leminar flo.w
conditinn through s unit cross soctional aroa of the
s0il under uni? hydrmulic gredient and standsrd
tomperature conditione.

It vas detemmined by Variable tioad Pars
meter using tho follo-ing formulas
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av, . h]_ :
ks & 2.303 — x log,, ( =) {3-3)
| 2

2% = Aroa of cross section of stand pipe

A = Aro2 of tross soction of soll semple

h = Initial heat of vator.

hy, = Hoad of water after time 't' has elapsed,
K* =  Coefficient of permeabliity

t = Time period elepsed.

All the physicsl propertios are given in Table (1)

Nota: Pormoohility of 3/4* gravel uvill be of the

oxder of iio cy../s“ .



CHAPTER 1V EXPERIMENTAL SET UP

Experimental set up congisted of rectangular
tank mgde up of 1/8" thick steel sheet Fig.(1®). The
tank was made in two parts- One part was fixed to the
ground with the help of four channel sections. Stiff
ness of this part was made very large. This part repre
sented the part of reserwvoir far away from the dam where
the water 1s gstationary- The other part was fixed to
the ground vith the help of four round steel bars, of
13 mm diameter, one at each end: This part was made
quite flexible so as to make the ti e peried large
encugh. In this part at one end a mild steel plate
was welded, inside the tank, with an inclination of
43% to horizontal. This plate represented the imper-
vious core of an actuzl earthen dam or an rock fill
dam. The assumption of no seepage through the founde
tion core or sides 1s thus realised. ihe £i1l was
placed against this inclined plate and it represented
the upstream shell of an earthen dam-. The other end
of this part was connected to the part of the tank
already fixed, vith a flexible rubber membrane, so that
it may oscillate freely keeping the continulty of
water in the two parts. The water in the movable
part of the tank represents the reservoir water near
the dam 1tself. Fill was placed upto 28 ¢m height
and the full water depth was kept at 29 cm.



To  enable free vibrations of the flexible
tank containing the model dam, a realising system was
provided to 1t by introducing a clutch and a thin wire
sfxing t;ed to fhe tank and ca:ryiﬁg a fixed load at the
other end; The wire was ¢arried around a ¢mall pulley
having negligible friction, 50 that loss of tension due
to friétion was negligible. At the bottom end of the
tanks a wooden block was fixed to accommodate an acceler
ration pick up- A pen recorder and a2 universal smpli-
fier were used to record the free vibrations of the

system.

To verlfy the applicabllity of the single
.degree freedom system formula for obtaining the effective
welght of the materlials in the tank. the free vibration
test was first carried out with a known quantity of fill
placed in the tank. It was seen th#t the mass obtalined
by the frequency-stiffness mass relationship was slight
ly different from the actually measured welght of the
fil1l. The stiffness was assumed as that cbtalned from
static load deflection curves (Fig. 8)-

For comparison of virtual mass with the theore
tical reshlts, actual mass of the materlal of fill was
obtained from the freguency relationship and this mass

was adopted in computations.



Fig-lDa- o .
1. Mild steel cglatn:l.ncl’inad at 45°
2. wmoden block to acconfttedate the pickup
3. Flexible rubber Membranes:
4. Fixed part of themedel
5. Movable part of the tank-

Fig' 10b.
rumental Set up-

lversal Amplifier-
celeration pickup
1 recorder- _
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CHAPTER Vv ‘ TYPE OF EXPERIMENT

5.1 In each case two types of tests i.e. static
and dynamic were carried out. Static test was done to
find the load deflection relationship- Then free wibre
tion test was conducted to detemmine the frequency and
damping etc-, For this test, the system wag pulled to
a distance of 1.0 to 1.5 ¢m (for the system to remain
in elastic range) and then suddenly released. The sys-
tem started oscillating end the direct record was obts
ined with the help of 'brush' oscillograph-

In the first case, using fine sand s fill,
the free vibration test was carried out in the following
eix stages to ascertain whether the test was repeatable

or not under similar conditions:

I No reservolr water-

I3 Reservoir full.

11X Reservolr drained to half of the full level-
Iv Reserwoir drained completely-

v Reserwoir refilled to half of full level-

VI Reservoir full of water.

The results showed thgt the experiments are repeatable.
Therefore, the other materials were tested only in I1,II,
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and IVth stages. The IV th stage was considered to
determine the weight of water retained in the mater-
ial after immediate draining-

Two different slopes were tried i.e. 200

and 25° to horizontal to see the effect of slope on
the virtual mass and added mas$ of the structure-

5.2 BEHAVIOUR OF THE STRUCTURE UNDER FREE VIBRATIONS

5+2.1 Time Period

Time period of the system was elongated when
‘water was filled into the reservolyr. A minimum of 6%
and maximum of 9% increase in time period was observed.
Elongation in time period of a structure vibrating
under water hs compared to its vibration 1n afir is
a genergl known fact and the same was observad here

2lsg»

$-2.2 Damping

It was found to incraage when the structure
vas vibrated under water. The value was of the order
of 0.5% for fine materials and of the order of 2.5%
for coarse materials. The increase in damping was

of the order of 80% to 90X-



He2+3+ Mass:

Effective inertia of the system Increased due
to increase in effective mass a8 was apparent €from the

change in time period.

%.3. LATERAL LOAD DEFLECTION TESTS

Load deflection tests were conducted in order
to determine the elastic range and stdffness. Amplitude
of the system was kept within this limit while conduect-
ing dynamic tests. The results are presented in the form
of graphs shown in Fig. (8) .

%4 FREE VIBRATICN TESTS

The experimental system behaved as a single
degree freedom system having the usual {requency

relationship as follows:

2 K* .
f = 2";-' — Ce<p a5 e (5 tl)
m

f = frequency of the system.
Kt = stiffness

) = effoctive mass of the system.



Time period , T , 1s then evaluated by,

T = 2%| 2 sec -
=,

Thug to determine the time period, mass and stiffness
are needed. The stiffness is calculated as below:

12E I

3 Xq/cn- (5-2)
L

K* =4 x

L = Length of the leg in om.
E = Modulus of elasticity in ‘K‘g/cm2
I = Moment of Inertia of one leg about its diameter.

In the present case,
L = 130 ocm.
E = 24 x10° Ke/en?

1 = -de ' ,
PP s d = dismeter of the bar = 12 om.
& 4
Kl = 4 x12x 2.1 x10 x (12} x &

(64)x(1-10) > x 10°

= 17.3 Kg/cm.

Stiffness was also found from the load deflection

curves. This stiffness comes out a little higher than
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the one calculated about. A slight variation in stiff-
ness oxists show ing a variation for cach material.
Experimental stiffness takes into account some other
factors which are difficult to account for in the
caleculations: Hence the experimentsl stiffness is
more reliable- An average wvalue found on the basis
of the plots in Fig. 8 is used in 2ll the czlculations
instead of the theoretical stiffness.

5.6 EFFECTIVE MASS

In computing the weight of the system the
unit welght of m-11d steel was taken as 7.85 gn/ec.
However Lt was not possibie t take iInto account
the welght of fixtures like nuts and balts screws
and steel strips. Therefore, the weight was also
computed experimentally by the known stiffnass and
froquency of the system. A difference of 1.7 Kg was
observed . That could be due to the above mentioned

IQ@asons s

k' 7

Kg '5“2/1:::; ' (5 +3)
4 2
*

For empty ressrwoir condition,

K! = 1B.66 Kg/cma-
T .= 0 '347 seL -
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n = mans of tank-.
= mg = waeight of tank.

Therefore, 0
K' T.g 18.66 x 0347
W o= 2 = > X 981
4 x 4 X

The computed weight comes out to be 34.3 Kg. However,
after the experimental work was over, the tank was
removed from the groun;'d and welghted. It was found
to be 8%-6% Kg. But the experimental wvalue of %6 .0 Kg
was considered more pertinent in the method adopted
for evaluating all the effectlve veights by the fre
quency formula. Hence in further computational work

the calculated value of %6 Kg+ was used.

Free vibration tests were then carried out for
the various materials uged to represent the earth dam.
Time period and damping were determined from each record-
The results are presented in Table (2} . Damping was
calculated by logarithimic decrement formula-.

1 %, |
% = e— log, — (5.4)
2 %, :
X} and X, arg successive amplitude of vibration.
< is the fraction of critical damping-
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%.6 CALCULATION CF VIRTUAL AND ADDED WEIGHT

T o il?tl
or T o J_f

(S .5)
Taking an average value of X,
T
2| Zaxy
Taud Db (5.6)
2
T ub
OF Baub = ;?““ Bary (5.7)
Tary
2
: T
b
or Yyup = ¥iry (5.8}

where,

m
dry = Mass of the gystem when there is no water in
Teservolr.
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Doy = Mess of the system when the reservolr if full.

"hrv ‘wgubA = corresponding weights of system.

T& 'Thub s time perfod ¢nrrespandiﬁg to the two
i different stages of reservoir.

W up containg the weight of the tank plus teight of
the material plus added weight due to hydrodynamic

action plus effective woight of water in woids. wﬁub
less the weight of the tank glves the virtual weight

of the fill.

Added welight = Virtual weight of fill = welight of dry
material - weight of water in wpids.

Added weight was also calculated by Zanger's theory
treating the fill as impervious body. The added weight
calculated on the mild steel plate from Zanger's
theory ig very nearly equal to that obtained by experi-
ment. This theory is applied here to the earthen and
rockfill dam modela also-

P = C % "

) | lv
€= 3% |REd. =X

The value of Cn is dependent upon the inclination o



of the surface with the wvertical.

ot = 0, i%, 30, 45, 60, 75 -

Cp = 0735, 0.625, 0.52, 0-41, 0.30, 0-17, 0.735.
For the mild steel plats, 0 =45° , C =0.41.
For the £111 cass (1) 8' = 68 , G, = 0.26
For the fill case {2}, 6' = 1o° o Gy =0.22

= '225 cm

h = 28 cn.

25 - 25 2% ,‘25
2 (2 )J (2-2)

1
cplate ﬁ; x 0-41

= 0-395.
Added weight = 0.726 Cwh . A

a 0.726 x 0+39% x 1000 x 025 x 0 .60x0 .25

= 10.T8 Kg-
Experimentaily this value comes out to be 11.00 Kg-.
Now C 0 00" 027 & =0.26
w - - - = .
L] » I o 65 = .30 18
¢ - .
%'ﬂ = 70° = 0.3 - ad 017::10'0-'22

15



1
cﬁ = 65° = 3 % 0.26 x 19265 = 0.2%
Co = 70° = -i'- X 0.22 x 1.926% = 0.22

added welght ( 0§ = 63°)
x 0+726 X 0+25 x 1000 x 0+25 x 0.60 x 0:2%

= 6.82 Kg

Experimentsl values comes out to be 60X, 66%, 78%
and 85% of the szbove for fine sand, coarse sand ,

small gravel and large gravel respectively:
'Added weight (8 =70 ) = 5.77 Kg-

Experimental value comes out 1 be 59%, 76% of the

above for coarse sand and large sized gravel respectively-



CHAPTER I RESULTS

The observation made in the experimental studies

conducted heve are ags follows:

1. The hydrod ynamic pressure increases with decrease
in void ratio« For the case of smaliest woid ratio the
hydrodynamic pressure approach the value obtained from
Zanger's theory -(Fiy.9)

2. | Better the gradation more is the added weight. From
the grain size distribution curve (Fig«'0) it is seen
that the large size gravel has the best gradation cut

of all the materials taken in the test. The add-ed

welght also 4s maximum for thhks casge.

3. It is seen that slope of the shell also affects
the add-ed weight. Flatter the slope lower is the
value of added weight.

4. Damping is indicated to increase with increase

in reservoir water level-

DISCUSSIONS

In the experinments conducted in this study the
hydrodynamic pressure or added weight in all the cases
is Resser than what is obtained by using Zanger's theory
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except in the case where upstream surface is adopted

0 be of mild ateol plate. In this case the result is
very near to that obtained by Zanger's theory. This
observation exhibits the difference in bghaviocur of

the system in the two cases. In case of fill the

magni tude of added weight is reduced spparently due

to the communication of pore water with the resecrwoir
water. It is also supported by experimental study w here
it 1s found that the added welght increases vith increase
in particle size. This is probably due to the fact that
in case of large size particles the bigger woids will
be filled up by smaller size particles present thereby
decreasing the wvoid ratio. The gradation of larger

size material is also found to be improved for the
materials considered . Hence the communication of pore
water with reservoir water would be lesser for scils

| having lower wid ratio. Therefore better the gradua~
tion and lower the vold ratio more ig the added weight.
Now if we extrapolate this to the limiting case of no
void ratio, we can say that for impervious materials
e-g- the case of mild steel plate, addred woight is
maximum. But in case of fill materials the wold ratio
will definitely have :ome-value- Thus the presence of
volds would allow commﬁnicatlon of water to some

extent and reduce the added mass-.
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The effect of communication of reserwoir
water with the pore water may be viewed as the case
of a perforated plate standing in water wherein the
hydrodynamic pressure would be lesser than for a solid

plate-
CONCLUSIONS ‘O T/ Q !
¢ AL LY URRERSITY 0K ROy
ST

In the present case for the best gradation
curve the value of added wolght 1s 85X of that given
by applying Zanger's theory- For ths poorest gradation
it is about 60% of that obtalned by Zanger's theory
1.+ for the case of find sand. In an actual earthen
or rockfill dam best possible gradation of various
size particles is used to obtain maximum compaction
and strength. Therefore based on the results of the
study, Zanger's theory is recommended to be us>d for
evaluating the dynamic water pressures on earthen and
rockfill dams, the pressures being aprropriately
reduced depending upon the woid ratio of the 11l
material .

Damping apparantly increases due to the hydro~
dynamic action of the reservoir water. This cannot
be directly related to the prototype dam where damping
i1s mainly associated with the shear strains in the
body of dam- It is however likely that increase in
damping due t0 similar action of hydrodynamlc pressures

on prototype dam may occur .



1. Specific Gravity of tho sollds

TABLE 1

= 2.66

2. \oid ratio =V, = ('%E'— - 1)

3+ Ueight of tank only = 56 Kg-

Pormes”
Void |Wwlume \bluma’ rolaght
el DALY patio | of of ofqh E:-ight
S. |Matorials gf-':zn tf:{.&!" voids wite:
. . ‘ n
no takon gize- (vv)a olds taken
1 Finge sand 115 22 69 14400 91%0 9.8 38 .5
2 Coarse sand 126 3.00 &6 15730 10900 10.9 4200
3 Snall sized 7
gravel 750 m.2py 87 19450 10700 10.70 %52.00
4 Laorge oized
gravel 1040 52 22300 11200 11.20 5%.50
5 Coosrse sand 126 3.00 66 298%0 17600 176 6900
6 Large aized ,
gravel 1060 - 82 30000 15000 18.00 B850




TADLE 2

cific gravity of the nolids = 246
- . ‘ _ '/
d ratio =V,®* {G‘G 2 .1

ﬁS

.ght of tank only = 356 Kg-

1
Damping .Effoe! Mdod
Tine period o efficient [tive vt
‘toriels wt-of raded) s ot
takan syst wt.
- - g [when |Virtw f111
| € 5 |l | a1
td T N fd:- dry | suls. [ofre- | wel
SUuD- § . aex~
¥y alnod vtz
a
| Rg | Kg [Ks | #

o cand P45 8350 263 470 .25 40 10844 B52.40 4.12 1090

esr sand 9900 .462 500 480 .35 60 112.50 %6.5 4.%0 1070

111 size '

el 1115 502 .530 510 .40 B0 1240 6880 5-30 0.2
‘ge olzo '

el 1150 .303 .53 500 1.10 2.8 1320 760 5.8 ©.84
'ge sizod

‘avel 130 .55% .880 560 140 2.0 162.9 106.9 3.80 4.%0

reo sand 121.0 .33 .560 547 .36 .51 1460 83.20 340 4.94

5 « 29°
52 = 2D°
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FIG. 1
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FIG. 4

FIG 5
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