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This paper is concerned with the problem of the distribution along a dam
of hydrodynamic pressure caused by aperiodic or impulsive vibrations of
the dam, and vertical vibrations of the ground below the liquid. The re-
sults show that the vertical vibrations of the earth surface have a
significant influence upon the loading of the dam during a strong as well
as during a destructive earthquake. Formulas for the distribution of the
dynamic fluid pressure along the dam are derived.

The problem of the dynamic fluid pressure on a dam, caused by its
periodic vibrations, for instance V= V, cos wt, was studied in [1-4 ],
where Vo was the velocity amplitude of the vibrating dam. The problem of
surface waves on a fluid which appear due to a periodic surface, or
internal, pressure system was studied in [5-7 ].

1. We shall analyze the problem of the dynamic pressure of the fluid
on the dam, caused by vibrations of the earth surface with a velocity
V(t), which lies in the plane %, y and is inclined at an angle ¥ to the
horizon.

Assume that in rectangular coordinates x, y, z the dam and the earth
surface are located at x = U;(t) and y = U,(t) -~ h, respectively. The
part of the space that is bounded by x> U (¢t), U,(t) — h <y <U,(¢),
and - o < z € w0 is filled with fluid.

Let us assume that the surface of the liquid is initially at rest.
When the velocity potential of the fluid is denoted by ¢(x, y, t) the
initial and boundary conditions of the problem become
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0@ (z, 0, 0) ap (0, y, 0) ; d , —h, O , )
T =0, REE-vi0), BESBI v, 0 (@
t
=V, () at x:Ul(t):\Vl(r)d'c (Vi (t) =V (1) cos ) (1.2)
§
7] s .
—CP——P 2(t)  at y=Us(t)—h (1.3)
t

3 3 "
at? ; 06‘3 0 at yng(t):'\V2(1:) dt (Va(t) =V (t)sin®) (l.4)
0

The fluid velocity potential, which has to satisfy the Laplace equa-
tion A¢ = 0, can be written as follows:
(el

oz, y, t) = SS[B(@) kYeosnk (Y 1) 4 D (0, k)sinnkY ) cos kX cos otdw dh —

0
o)

+- \S A(w,a)sinaYe—=2% cos ot do da

Q

X=a—-~U,() -
1.5
<Y=y—U2(l)) (.51

Here A(w, a), Blw, k), and D(w, k) are arbitrary functions, and the
function ¢(x, y, t) is determined so that

=0z, ¥y, 1) at z>U (1) (—h<<Y <0), =10 at z<<U(1)

The boundary condition (1.2) will be satisfied if we choose
—“aA (0, a)sinaY cos ot doda =V (t) (1.6)
.

Introduce a new variable ¢ = Y and rewrite (1.6) in the form

—SgaA (0, &) sinafcos wtdoda =V (t)f (L) (1.7)
where o
Q=1 at —r<gE<0, JE) =0 at —r>z>0

Using a Fourier expansion we obtain from the integral equation (1.7)

~cosah e
A (0, a)= [iﬁ&oz—qﬁ—)G (@) <Gl((l)) :.\ V1(7) cos mrdr) (1.8)

0

Because of the initial condition (1.3) we have
00 00 [e0]

X [S D(o, k) kcosh khcoskXdk+ g A (o, o) cos othe—““’adoc] coswtdo =V, (¢)
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From this
Do, = — 2{ A dneostsy 1 LEGM (110
o
Here
8 (k) = % llim Sirll‘kl gtf%;’ ) , o Gy(e) = §OV2 (1) cos ot dt
o0 . function J

From boundary condition (1.4) we determine the unknown function

)
. kgD (w, k) 2g A (o, a) aldo
B (0), k) - kgsinhkh — w2coshkh T (a% 4 k2) (kgsinhfch — wicoshich) (1 AD
0

After substitution of Expressions (1.8), (1.10), and (1.11) into
(1.5), we obtain the sought-for velocity potential &(x, y, t).

1) In order to find the dynamic fluid pressure on the dam caused by
its aperiodic vibrations we shall assume that

V(t)=Vee™ (A=¢t+in (1.12)

where V;, £ and 7 are real constants. Here the velocities of the vibrat-
ing dam V,(t) and the earth surface below the fluid V,(t) will be re-
spectively

Vi(t)=Vie M, Vy(t) = Ve (V,=Vscos ¥, Vy=V,sind) (1.13)

t

U =V @dr=Us(t—e) (v, =)
0
From this, the displacement of the dam V,(t) and the earth surface

Vo(t) will be

U,)=U,1—e™), U()=Us(l—e™) (U1=Uscosd, U2=Uosiin12)
(1.14)

We find from (1.12), taking into account (1.8) and (1.10), that

AV, AV,

Gl ((D) —_—mz, Gg ((l)) =m (1.15)

Let us introduce the following notation:
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¥ (a, k, ®) = (1 —cosah)G, (0)/(a®+ k) (kg sinh kh — @? cosh kh)

S, = Sggx:hh‘l"(a, k, ®)cosh k(Y + h) wsin otdadkdo
0
S, — SXS\P(a, k, ) cosh k(Y 4 k) sin ot dadkdeo
; (1.16)
0 . +
Sa =TS9y (0 b w)k sink (V4 1) cos ot dadkd
3_Sggcoshkh (¢, k, )k sinh k(Y 4 h)cos wt da ©
0

¥ (o, k, o)k sinh k(Y + &) cos ot do. dk do

%)
=Y
| |
[ )

©
3

When we differentiate ¢(x, y, t) with respect to t for t > 0, x =
U,(t),we have

o _ 8 SSS (1 — cos ah) cos ah G, (0) [0 sin ©¢ sinh kY +

at s k (a® + kZjcoshkh

+ Voek cosh kY cos ot} dodk do — S5 [S; — 8, + Ve (S5 — S.)] +

4+ Uyg(e ™ —1) — AV, Ye-M _V,2e-2ut

—w SS W) G, (o) [wsinwfsinaY +

+a(VycosaY —V,sinaY)e * coswt] dadw (1.17)

First let us study S;. Integration with respect to w yields

[e0] —
o sin 0! do 198 e M _cos V kgtannkh ¢

=, S (@? 4 A%) (kgsinhkh — wkoskkh) 2 "y kgsinhkh 4 A%coshkh (1.18)
0

Introduce the notation M; = /[ kg tanh (kh)]. The substitution of
(1.18) into the expression for S, in (1.16) yields

Sy ="V, (R~ — Ry) (1.19)

where
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0

__ {0 (1 —cos ah) cos ahcoshk (Y 4 k) da dk
L S (a? + k?) (kgsinhkh + A2coshkh)coshkh

Iy

0
o]

R, — (1 — cos ah) cos ahcoshk (Y + h) cos Mt
L (o + k2) (kgsinhkh + Afcoshkh)coshkh

da dk

0

Since the integrals (1.19) converge uniformly with respect to a and
k, we may change the order of integration, i.e. we shall integrate at
first with respect to k. Rewrite R; in the following form:

[o0]

R, =S (1 — cos ak) cos ah daR,*

o
0 (1.20) H el
0 N ———
‘s cosh k (Y + h) dk / ~
(Rl =§ 2 - \ . +-— L
. (o® + k?) (kgsinhkh + Acoshich)coshkh / / 7 /\’ e —
0 1 " -.
R;* will be calculated by the use of / L_C—’“—
the theory of residues. In the complex | A T -1
plane we have two roots *ia and an in- T\ AN W A I
finite number of roots t i mn/2h, where \ A e —
m=1, 3,5 ..., for the equations a? + “ "\},:\—"_’ —
k% = 0 and cosh (kh) = 0, respectively. \\\\_“*’ e
In order to find the roots of the trans- —f_,—dé—-———
cendental equation kg sinh (kh) + A? \{ —
cosh (kh) = 0 we shall introduce a new
variable kh = y and transform this equa- Fig. 1.
tion to
rthy=p W=—»Ah/g=M*—E—i2nE)h/g) (1.21)
Using the conformal transformation
w=f(z') = z’tanh 2’ (w=u-+iv, 2 =2 +iy) (1.22)
we have __ X'sinh22’ —"y" sin 2y° __ Y'sinh 2z’ 4 ' sin 2y’ 1.93)
- €0s 2y’ +-cosh2z’ ! - €0s 2y’ --cosh2z” (1. )

From Formula (1.20) and Figs. 1 and 2, it can be seen that the mapping
(1.22) transforms the parallel lines t n#/4, where n=1, ..., 8, in
the z°-plane into curves in the w-plane. With the aid of these figures,
with a known g, we shall find the roots of Equation (1.21) in the 2’-
plane, which corresponds to point p in the w-plane. Besides, we obtain
by means of successive approximations from Formulas (1.21) and (1.23) the
unknown y with the necessary degree of accuracy. We see from Figs. 1 and
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2 and Formula (1.23) that Equation (1.21) has the following roots: when
p is a complex constant there
are several complex roots (two,
four, etc.); for p < O there is
an infinite number of imaginary
roots; for p > 0 there are two
real roots and an infinite
number of imaginary roots; when
p is an imaginary constant there
are several complex roots. The
equality £ = 5 corresponds to
the last case.

— Ean < Nl As an example, let us assume
—_— — . . that £ < 7, and that point p is
e located as shown in Fig. 1.
Fle. 2 After a number of integrations
g & we find
R ___.n__zh (1 —coshY) [T(Y—I-h)/h]e_,(_{__zlogo (1 —cos ah)cosa (Y - k) da +
1= 2 gl *— (1 4 p) pleosi? ¥ 2 p a (A2 cos ah — ag sin ah)
C oo C(Y 4 h) h
‘ ¢0s cos o Y=p—Iiq
+nx S (I —cosak)da  (FTP0Y (1.24)
0 m=1,3
Here p and g are real constants.
Returning to the computation of R,, we analyze the integral
7 () o
R *_8 coshk (Y -+ h) cos Mtdk 1.25
2 7 ) (a2 4 k?) (kgsinhkh -+ A2coshkh)coshkh (1.29)

0

For the evaluation of this integral, we choose

(z three auxiliary functions
} F, (z') — cosh z° (Y - h) exp [i M, (z") ]

(a% 4z %) (2'gsinhz’h 4+ AZcoshz’h)coshz’h
cos z’ (Y + h) exp [— M, (2) t]
t—22) (A% cosz’h—z'gsinz h)cosz'h

Fy(&) =5 (1.26)

F. (z') _ cosz’ (Y + h) exp [M2(2) 1]
3 T (a2 —z2%)(Mcosz’'h—z’gsin z h) cosz'h

and the corresponding contours, shown in Fig. 3,
where contour (1) lies in plane 1 (Fig. 2) and
contours (2) and (3) lie in plane 17, which can
be obtained from plame 1 by a mapping of (x”, y”)
onto (- y”, z’) and a 90° clockwise rotation.

AN AN I

Fig. 3.
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Here we have two roots t iy in the transformed plane corresponding to
the equation A? cos z°h — z°g sin z’h = 0.

Before we go into the contour integration we shall study the multi-
valued functions

M, (z') =V z'guamz’h, M;,(z)=VzZguzh (1.27)

By expanding tanh (z°h) and tan (z°h) in terms of infinite products

o= [T (14 20 11+ - 5)

- (1.28)
=X H1<1—;a>/g<1—miﬁw>
where y = z’h, we obtain
R = Ve e
(1.29)

Nt 2 —ay 2+ q 2’ — as
LN VeI VRIS VAT

where Cys by, ay, b,, a, are real constants, and a_, ;= ={n+ 17 /h,

b, = (2n+ 1) 7/2h. We see from this that the function M,(z") has an in-
f1n1te number of branch points on the imaginary axis, and M,(z’) has
similar points, except that they appear on the real axis.

Plane z° will be cut as shown in Fig. 2. After that, the functions
M,(z°) and My(2") will be single-valued inside the corresponding contour
in the multiply-connected region. Let

M* (') = My (z) [ 2
The values of the arguments on the left and the right edge of the cuts
along the positive imaginary axis will be respectively
arg My * ( L—ta—(ta—21)+04+0+---]=21n

agM*(Z) =2 (—ta—21a+0+0+. - )=—3n

2

Therefore the function M;*(z”) along the left and the right edges has
the multipliers + i and — i, respectively, in front of the root. In an
analogous manner we determine arg M,*(z’) along the corresponding edges
of the segments located along the negative imaginary axis (Fig. 2).
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Note that during the integrations along the contours (1) and (3) the
paths followed the directions shown by the arrows in Fig. 2, and along

contour (2) the integration proceeded clockwise. By applying the residue
theorem we obtain

$ Fue)ds' = 2R* 40N, 4N, + (1.30)
I

+ 2 lim \ Fi(z')dz = — iN*e J- f*(a, Y, 1)
n=0 "0 Crin)

§> Fy(z')dz’ = 2N, + 2N, + H, -

@y I’

-+ 2 Iirgl X Fy(@')ds' = N* (eM — e M) + [y* (o, ¥, 1)
n=g r0 .°
r(n)

<§> Fy(z)ds = —i2R,* + H, +
3) I’

had e

+ 2 lim | Fy@)ds + fo* (2, ¥, 1) = — N*e
n=0 r—0 "
r(n)

Here

b'n.
N — o cos k (Y - h) exp (iMot) dk
L 2 (a® — Kk2)(A%cos kh — kg sin kh) cos kh

n=0 an+1
o ntl .
N, = 2 g cos k(Y 4+ h)exp (—.l M,t)dk
! (a2— k2)(A% cos kh — kg sin kh) cos kh

n=0 bn

s _ 2mYRicoshly (¥ 4 R) k] Y s e
N*= g (2Rt 4 T (1, p)cosn?y’ M, = Vl‘g‘a" kh, r (T! P’) =T (1 + p')l-"

where f *(a, Y, t) are some functions of a, Y and ¢, where v = 1, 2, 3.

Of course, all integrals along the large circles are equal to zero
when their radii tend to . Let us study the integrals under the summa-

tion signs in Formulas (1.30) and integrate them along the small circles
C..7and C_, 7"

r(n) r(n)*

As the radii of the circles tend to zero we have
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ilf}l S Fy () de' (1.31)
n=0 r(n)
—35/2 (0 :

=—-zZC lim X exp[— (i/__ l—z)exp( LB)]dB

r—0 S
Y\ c. —%/2 c @
=—1i2 li Xp|— —= —isi dx —
[ pif rl_{I()l S/z e\p[ v (cosx zsmx):l ®— 0

Here C,, C, (1), and C, (2) are some positive constants, 8 and « are
arguments In the same manner one can prove that

> lim g Fo(z)dz’ — 0, D) lim \ Fy(z)dd —0  (1.32)
e =1
Note that
o a os) —n/2 C, (1)
Hy= % lim \ Fy(2')de =12 2 Cnlim g expt (cos%—zsmx)]
r—0 ” ’ r—>0 ’ VT'
n=0 c n=0 72
r(n)
(1.33)
oo
H, = 2 lim R F,(zYdz =
n—=o r—>0 Cr(_;l)

0

_—12 Ca hmg etp{ (:/(_1) e\'p<_éﬁ>]d§3=—Hl

r
n=0 =0

From the system of equations (1.30) and the relations (1.31), (1.32),
and (1.33) we find the required integral

Ry* = — iN*eM [2 4 f*(a, Y, 1) (1.34)

After substituting (1.34) and (1.24) into Formula (1.19) and carrying
out the R,-integration with respect to a, we obtain

S = l_ Ahe="V, __C’Mc sh[% (Y + h)] +oeM

I (7, Pkost® Y f (d, Y)da -

0/18

> cos C (Y + h)cos ak
2 gC(C2—ayh (1
1, 3

—cos ak)de (1.33)

+\ falon Y, t)dd‘}‘%z?»e—“V]%
6

Qg/—ag

m=
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In the same manner we find

(1.36)

Sy= MV°W (L— e~V)sinn AL+ € =M

O(/‘JS

few V)det-§ fo(e, ¥, 0)de

. nd 1 —co A ) ¢
Sy = — i e S [ L (¥ )|+ e fafa, V)do
0

¢ ¢ & sinC(Y +h)cosak
—\—S falet, YV, tydo 4 e—“le > sin gé aj_ )Cc2§>sa (1 — cosah) do
0 0

m=1,3

sinh[y (Y 4 h)/ h _ v ¢ ,
Si= —i TV, Elrl_((y,m)sh?]“_e TYoostht + e uﬂx fo(at, Y)doc+§ fale, ¥, t)do,

After substituting Formulas (1.35) and (1.36) into (1.17) and evaluat-
ing the remaining integrals, we obtain finally

99 jauhV Y A gy gy y A YA Ay

ot T (1, pleoshy T (Y, p)eoshy

—_ KVQYE_“ . (Vl‘z _]x_ sz) e -l + U2g (e A __ 1) (1_37)

for t >0, Y< 0, and x = U;(¢). In the same manner we find for t > O,
Y < o0, and x = Uy(t)

17} sinh[Y (Y +h)/h
% — ity 2D ot 4 Ve (1.38)

It is easily shown that

99 _yo—n ;
T =V (1.39)

In order to determine the dynamic fluid pressure at t = 0, we turn to
Formula (1.17). After integration with respect to  and setting t = 0,
we obtain

o0}
0 (1 —cosahjcosah X
I =W XS R @ T Ppompn o EY dedk +
0
y °¢ (1 — cos ah) cos ah
-+ ?Lg—V]_Vz \\ ( (azc_?_s;?z)c)o ::ha osh kY do dk —
0

4g v b0 (1 — cosah) ksiank (Y 4 h) (cosah s e
g ViV “ (a% - k2)(kgsinhkh + AZcoshich) (coshkh - 1> dowdk — AV, Y —Vo*—V,*—
Q
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_ 2y S A =c0soh) (3 sina¥ -4 Vyat cos a¥) da (1.40)

1 o2
0
At first we carry out the double integration in (1.40) with respect
to a in the first integral, and in the second and third double integrals
we integrate first with respect to k. We find at t =0, y =0, and x = 0
that

(1.41)
oy sm CY . sinh [y (Y + k) /R] _ Ve T
- = V m_21 3 2uV,V, P T ey AV,Y V2V,
Note that in the calculation of d¢/dy we integrate all double
integrals with respect to k first. Integration yields
99 _ sinh [y (Y + R)/h] A 49
7)? - 12P'V1 r (T, H)cosh']’ + V2 ( Vl) (1. )

2) Now let us study the dynamic pressure on the dam caused by its im-
pulsive action on the liquid. Let us assume that

V(t) = Vet (1.43)

Thus, actually, after the change of A to & Formulas (1.12) to (1.19)
hold also for this case. Note that in the evaluation of the integrals

Fig, 4. Fig. 5.

S;, Sy, S3 and S, the two cases are different from each other, since in
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this case the equation kg sinh (kh) + fz cosh (kh) = 0 has an infinite
number of roots Y, » where n=1, 2, 3, ..., which lie on the imaginary
axis, as shown in Fig. 4.

To calculate R,* we shall choose the same auxiliary functions and
integration contours, only this time in Expressions (1.25) and (1.26) A
will be replaced by £. Contour (1) lies in plane 2 (Fig. 4), and contours
(2) and (3) lie in plane 2’; which is related to plane 2 by the mapping
of (27, y°) onto (- y”; z”) and a 90° clockwise rotation. Note these pro-
perties of the integrands, and after integration we have

(1.44)
F,(zYdz' =2R,* +iN, + iN,— L*e~ 8 + f,*(a, Y, t) =0
)2
<§> Fo(2)dz' = 2N, + 2N, + Hy — iL* (5 — e=%) + f,* (@, Y, ) = 0
(2y2’
$ Fs(z)de = —i2R* + Hyt iL* (% 4 e ) + /¥ (o, ¥, 1) =0
(3)2

where N, and N, are the same symbols as in (1.30) except that A is re-
placed by ¢

Tops €08 [1'n (Y + h) / B]

(o]
* __
L - 2n Z g(a2h2_’r,n2) r (’rn,»c) COSlen

n=1

(T ) =122+ (L + R ho, & =)

which is obtained by means of integration over the small circles with
centers at the points y “, whose radii tend to zero.

Ry* is found from the system of equation (1.44). After a series of
appropriate integrations we obtain

a9 G eos (1, (Y + ) [R) o sin (17, (Y +h) /] _
S = 2Ech?V 2 y - — e~ — 26hV,V Z _ — g2l
3t 1 2 T T (v ) cos 1, 1 2n=1 Ty, o)cost,
—EV e M —(V2 +- Vo) e —Upg (1 —e %) (1.45)
p < Sin [1,/ (Y + h)/ k] L, ~ 0 v -
By 26hVy 2} T (v, ) cos1, e+ Ve ™™, 7 = e

n=1

for t > 0, y < Uy(t), x= Uy(t).

For the time t = 0 we have for y < 0, x= 0
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% __ 2% sin CY < sin (1, (Y + k) / Al

X2V m=213 — 26hVV ?:_’,1 T ey o V=V
3 S sin (1, (¥ 4 k) / ] ﬂ(p
S = 20hV; 2w g, FV L=V, (1.46)

2. Now we shall study the problem of the dynamic fluid pressure act-
ing on a dam, which depends on the initial conditions

d ,0,0
9 y 0)=0, 2E&LI_4 2.1)

and the boundary conditions

% =V,sinwt (V;=Vocos®) at z=—U;coswt (Uy="Ugcos®) (2.2)
—?L =Vysin ot (V,=Vosin®) at y=—h— Uscosot (2.3)
" (U2= UoSinﬁ)

a:zp —l—g =0 at y=— Uzcos 0t (2.4)

Here V| and U, are the amplitudes of the velocity and the displace-
ment of the vibrating earth surface,

Let us choose the following form of the velocity potential @(x, y, t)
which satisfies A¢ = 0:

(2.5)
¢(z, y, t)=sinot {\ [B (k) cosh k(Y + h) + C (k) sinh kY] cos kX dk -

0

+

ow8

Y=y+Uscos ot

=1

A (@) sin aYe-aXda} +\ D(k) cosh k(Y +k)coskXsin Mtdk (X =a+U 1005“")
o

Here the functions A(a), B(k), G(k) and D(k) are arbitrary.

With the aid of the Fourier integral

, using conditions (2.1) to (2.4),
we find

W, (1 — . -
Aoy = 22082 - pay—— L B(k), M = Vg tanh h
O (k) Vs 4V, ¢ (1 —cos ah) cos ah
Ch) = poosii — 72 S @ @) k ook kR % (2.6)
0
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oo}

(kg sinh kh — o* cosh kh) B (k) - kg C (k) = — %gg ’:ﬁ‘“?)j‘c— da.
Differentation of ¢(x, y, t) with respect to t for x = - U, cos wt

yields

(Vok cosh kY sin? ot — @ cos of sinh kY) dadk +

[ee]
dp 4V gg (1 — cos ah) cos ah

T wm (o + %) & cosh kh
0

+ 4:; glo(S; —Se) =V, (S;— Se)] - Usg (cos ot — 1) + VY cos ot —
—V,2sinwt 4 L;‘% L{——fi?ﬂ[m cos ot sinaY - (2.7
0
+ asin®t (VysinaY —V, cosal)] da
Here

Sy = cos wt SSQ(OL, k) cosh k(Y - k) da dis

0
[oc]

Sy = Sgg(a, k) cosh k (Y + k) cos Mt do dik

[
00

S, — sin®ot SS Q(a, k) k sinh k(¥ 4- h) da dk

[
e

Sy = 0sin ot
)
Q(a, k) = (1 — cosah) (cosah — cosh kh)/(a® + k?) x
x (kg sinh kh — ©* cosh kh) cosh kh

sin Mt
M

Q (o, k) k sinh k(Y 4 h)dao. dk

It should be noted that in the computation of the integrals S; and S
we first integrate with respect to k, and all remaining double integrals
at first with respect to a. In the process of computing S; we analyze
the integral

_oo coshk (Y 4- h) cos Mt dk
T* = S (0 + k2)(kgsinnkh — w%oshkh)coshkh (2.8)
0

Let us take three auxiliary functions, similar to (1.26), when A2 is
replaced by — w?. Here the equation kg sinh (kh) — w? cosh (kh) = 0 has
an infinite number of imaginary roots y, which fall onto the segments
shown in Fig. 5, and two real roots.

We choose integration contours, as shown in Fig. 3, such that contour
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(1) lies in plane 3 (Fig. 5), and contours (2) and (3) lie in plane 37,
which is obtained from plane 3 by the mapping of (x”, y’) onto (-y’, z")
and a 90° clockwise rotation. By the theorem of residues we have

Fy(2)ds' = 2T* — iNg — iN,+ K;* — Kp* + f,* (@, ¥, £) =0

<§ Fo(2)de' = 2Ng + 2N, + 12K * + H, + f* (&, ¥, £) =0 (2.9)
(2)3

Fy(z')ds' = i2T* — 2K,* — iK,* + Hy + fo* (0, Y, 1) =0
(3)3"

where N, = - N, N, = - N,, but instead of A% we have — w?,

cosh [1, (Y + h)/h]sin ot
g{a*h? + 1 %) I (7,5, Q) cosnZ ¥,

K *=2ny, h?

®
K*:2_nh2 S‘. Tn €08 {1, (Y 4 h) / k] cos wt
’ — (ot — 1 )1 (1, Q) cos®y,

n=1

r (Ts’ Q) = Ts2+ (1 - Qh)Qh7 r (Tn’ Q) = Tn2 — ('l — Q/’L) Qh, Q = ﬁ)z/g

where K,* is obtained by means of integration over the small semicircles
whose centers lie at the points y,, and whose radii tend to zero (Fig.5).

From the system (2.9) we find

T, ']’scosh[']'s(Y + k) [ k] sin ot
— h —— ~
g (aPR?4- 72 I (1, Q)eosn® 7

T — e, Y, ) (2.10)

After substitution of (2.10) into the expression for Sy and integra-
tion with respect to a we obtain

__ m o goshly (Y 4-A)/h) .
Sg = — % Qh T (1, QJeomn T, sin wi (2.11)
In a similar fashion we find
52 ., sioh[7, (Y +R)}/R]
= A2
Sg i Qh T (1., Oeceny,  SI0 2wt (2.12)
After evaluating the remaining double integrals and substituting them
into (2.7) we have for t > 0, Y< 0, x = - U, coswt
0 2.13)
s \ ¢0s {1, (Y + h)/ Al (
0 = 200V, > T r Qoost, °O8 ot 4

n=1
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sin [1, (Y -+ k) / k]
T (v, Q)cost,

sinh[1, (Y + k) /h]
in wt — QrV,V, T (; Qoo 7
CM 8

sin? of —

+ 2013V, D)
n=1

cosh [y (Y + 1)/ h]
15l (1 Q)cosh 7,

— 20Qr%,

sin2mt 4

4 @V,oY cos ot — Uyg (1 — cos wt) — (V% - Vo?) sin® ot

For t >0, Y< 0, x=- U; coswt we find

(2.14)
% = — 20, 2 Si?‘[;: fYQ;Lc:i ’T "] sin ot
-+ 20hV, smhIET(frzy;_):iS/:i cos wl + V,sin ot
We know that d¢/dx = V, sinwt. For t = 0, x = - U, we have
B _ oy § HLELERINA ¢ (2.15)

m=1,3

When we denote the dynamic fluid pressure by p* and the fluid density
by p we obtain the formula

2o (e ()]

Let us use p* in the form p,* + p,* i.e. p* = p;* + p,*, where p,*
denotes the set of components which does not contain the factor V,, and
p,* represents the remaining components. Formulas (1.37) and (1.38) show
that p,* grows rapidly when £ and 7 grow and £ - 7, because then in
cosh (y) = cosh (p) cos ¢ ~ i sin (q) sinh (p) the value of p > 0 and
q - 1/2 .

It follows from Formula (1.45) that in this case p;* grows rapidly
with a growing £, because then y “-» 1/2 7. Then the pressure reaches its
maximum value at the time when the moving liquid meets with the instantly
stationary dam. It can be seen from Formulas (2.13) and (2.14) that in
this case p;* grows rapidly with an increase of w, because then y -

1/2 .

It follows from the results obtained that vertical oscillations of
the earth surface exhibit a significant influence on the loading of the
dam during a destructive as well as during a strong earthquake. Actually,
there may be some relations U2co2 > g U2§2 > g U2172 > g or szn > g,
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and consequently p,* can be larger than the static pressure p°® = pgV.
The pressure p,* can also exceed the value of p° for some given 7, ¢, w.
The formulas obtained above are useful for the construction of individual
graphs of the distribution of the dynamic fluid pressure along a dam.

The problem of the dynamic fluid pressure on a dam which is caused by
its vibrations according to V = V; cos wt was discussed in [4].
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