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DESIGN OF FLOATING FLOOR AND RIBBED FOUNDATION OF
BARRAGE USING CONFORMAL MAPPING TECHNIQUE

Synopsis

The' main problem encountered in structural design of hydraulic structures , such
as a barrage, is}upliﬁ pressure. In usual design of barrage , which is cailed gravity floor
system, the floor at downstream side is designed as a counter weight to resist the
pressure. In such Adesign practice, a considerable thick floor is reqllj»ired. This solution |
therefore , will cause new problems to arise, such as foundation failure due to low
bearing capacity of soil, the construction problems like large. excavation, large
concreting, and dewatering . Consequently the conétruction takes a long time and requires
mﬁch money.

In design of hydraulic structure founded on clayey soil (soft soil), uplift pressure
caﬁ be used to reduce stresses on the soil base. In case of barrage with floating floor and
ribbed foundation system,A the floor is designed as thin as possible, but structurally the
floor must strong enough to resist the pressure without cracking and perrni.tted
camber/deflection in the permigsible range . The dimension of foundation is thus reduced.

The floating floor and ribbed foundation barrage system has light weight but
structurally it has high rigidity , because the provision of two or more ribs of reinforced
concrete wall below the floor and girders in upper side arranged perpendicular to each

other . The lower ribs not only act as foundation but also act as cut off at upstream ,

down stream and at any intermediate position.



Besides the uplift pressure is counter acted, the whole structure is kept stable
against sliding and overturning. In this barrage system the stability is depend on the
rigidity of structure to transfer the loads (water at upstream side , self weight and external
loads) , as counter weight against uplift force. By equating the equilibrium of that forces,
the minimum weight of structure can be determined.
In the design process we can not avoid what we called ‘trial and error’. Due to
many computations those must be done, a long time will be consumed if it is done
manually. In this preseht study, based on the analytical solution using conformal mapping
technique, C++ computer programs aided for preliminary structural design of simple
hydraulic structure and barrage have been developed.
Due to the features described above, the barrage with floating floor and ribbed
foundation has some ‘advantages : |
1. The system is suitable for the alluvial Zones which usually have low bearing capacity
of soil base.

2. The thickness of floor will be quite thin, total dimension of structure will be less and
cost of construction can be significantly reduéed.

3. Dueto light weighf and high rigidity of structure, this ssrstem is superior in seismic
zones compared to the gravity floor system.

4. The size being vefy small, the problems encountered in construcfion stage w-ill be less

and construction can be speeded up .
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Chapter 1

INTRODUCTION

Design of barrage consist of two approaches: the hydraulic design and the
structural design. In thié present work, an attempt has been made to study structural
design of barrage founded on clayey soil, specifically the stability against subsurfaée
flow (uplift pressure). In the past, most of the barrages are designed with gravity floor
concept, stability of the barrage is governed by the weight of floor. The. thickness of
gravity floor required, therefore, is considerable large. Thus, structural désign of barrage
floor, plays importance role in achieving economy and technical efficiency.

The floating floor and ribbed foundation barrage system , as shown in fig.1, is a
barrage having a quite thin of ﬂoor'but structurally it has high rigidity , because the floor
is stiffed by two or more ribs of reinforced concrete wall below the floor and gi.rders in
upper side. These ribs are arranged perpendicular to each other.

In the design of hydraulic structure, stability of soil base and the structure are
influenced by uplift pressure. An analysis of a simple structure resting on clayey soil is
taken as an example to show how the ﬁpliﬂ pressure acts below the foundation and
influences the stability of the structure. This analysis shows that stability against circular
sliding of structure founded on granular soil (¢ soil) .is strongly influenced by pore
pressure or uplift pressure along the sliding line, but in the soili having cohesion and"
frictional characteristics (C-¢ soil), ;che contribution of friction in the stability is very

small compared to cohesion. Thus, in the stability analysis of structure against circular



sliding, the frictipnal pdﬁ may be ignored. The soil may be assumed as clayey soil. An
analytical method by using conformal mapping is adopted to determine uplift pressure at
‘ any location below the structure.

In case of barrage with floating floor and ribbed foundation system, the floor is
designed as thin as possible, butvstructurally the floor must strong enough to resist the
pressure withoutléracking and‘ permitted camber/deflection in the bermissible range . The
structural analysis for preliminary design of reinforcement of floor and ribs of foundation
* have been carried out by using ultimate method. The design results are compared with the
conventional method (gravity floor system).

In the design process we can not avoid what we called “trial and error’. Due to
many computations that must be done, it will consume Ioﬁg time if it is done manually.
In this present study, based on the. analytical solution using conformal mapping
technique, C++ computer programs aided for preliminary structural design of simple

hydraulic structure and barrage have been developed.



Fig. 1. A BARRAGE WITH FLOATING FLOOR
AND RIBBED FOUNDATION
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Chapter 11

REVIEW OF LITERATURE

II.1. SEEPAGE FLOW

a. General

Hydraulic structure like barrages, weirs, head regulators and cross-drainage works
are often built on alluvial soil foundations. In the vast plains of this country (India also
Indonesia) the sub soil consist of alluvium whose particle size varies from that of fine
clay to coarse sand. Consider ﬁow, a hydraulic structure show.n in fig. (I.1.1), a dam
founded on rock. It is assumed that the foundation and the body 6f the dam are absolutely
wéter tight, the only force exerted by the water would be 0.5%yw h® acting normally to

the face of the dam (if there is no tail water). But in fact neither the foundation nor the

body of the dam is absolutely water tight.

Water force

0.5 yw b’

ywh

(=
~L

pressure

0.5ywhb

Fig. (IL. Li) Uplift Pressure below a Dam




There is also leakage along the contact of the dam base with the foundations. The
water under pressure percolates through cracks, pores and fissures in the foundation and
exerts uplift pressure. In the design of the darh on rock, with no foundation gallery, uplift
*. pressure 1s assumed to act on full base and vary from yw h to zero (if there is no tail.
water). Not much significance is generally attached to the seepage force exerted by
percolating water as it not likely to do any damage to the rock. In fact rock or impervious
soil may offer so much resistance to the flow of water that the reservoir head may be
largely dissipated in overcoming friction before downstream toe of the dam is reached.

On the other hand, if a dam is built on pervious soil, little resistance may be offer
by the soil and percolation may reach the downstream toe of the dam. wifhout any
substantial loss of head. In such a situation the percolatigg water may- carry soil particle
with it and thus, undermine the structure. Prevention to this type of failure, and
determination of correct uplift pressure due to sub surface flow have‘ been drawn the
attention of engineers since the beginning of this century (W.G Bligh 1907 , EW Lane

1935 and Khosla 1936 ).

b. Creep Theory

. Bligh’s Creep Theory
Consider a horizontal floor length (L) metre in fig.(I1.1.2), impounding a depth H
metre of water. The loss of head per metre length of floor, H/L, is called the hydraulic

gradient. Bligh called it percolation coefficient. Mathematically this value is written as

bellow:



C- H (IL1.1)
bl+2dl1+b2+2d2+b3

H
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T ] !

[ |
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\—Residual head 1
H(1 -L1/L)

(b)

Fig. (11.1.2) Bligh’s Creep Theory — Definition Sketch
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The dissipation of the head at any point is supposed to be proportional to the length
traveled. At a distance L1 the residual head would be H-(H/L)L1.

Bligh presumed that percolation water creeps along the contact of the base profile
of the structure with sub soil and losses head in proportion to the length of its travel. No
discrimination was made by him in horizontal and vertical creeps in assessing their
effectiveness against undermining or piping. Because of its simplicity, Bligh’s theory

found general acceptance.

e Lane’s Weighted Creep Theory
Lane approached the problem by making a statistical examination of large
number of stmcturé on pervious foundations. He .developed the weighted creep theory
which in effect may be called “Bligh’s Creep 'Theory Corrected for Vertical Contacts”.
According to Lane’s Weighted Creep Theory, the weighted creep length (Lw) is |
given as |
Lw=13N+V | (11.1.2)
: Where:
N is the sum of the horizontal contacts and all the sloping contacts less than 45 degree.
V is the sum of all the vertical contacts plus the sloping contacts greater than 45 degree.
While Lane’s weighted creep theory is an improvement over Bligh’s creep theory,

it too suffers from the limitations of an empirical approach.



¢. Seepage Flow Theory.

e Mechanics of Seepage Flow

It has been known that the flow through poréus media follows Darcy's Law which
can be expressed by the equation: v

V=Ki o (11.1.3)

where V = velocity of flow, i = hydraulic gradient and K represent the permeability of the
.solil. |

The Darcy's Law is applicable to laminar flow only. Experiments carried out over
a long period have concluded that Darcy's Law is applicable up to maximum velocity of
0.003 to 0.004 metre per second and maximum grain size of the ﬁedium between 1.5 to

2.0 mm. In vast alluvium plain in this country (India also Indonesia) these limits are

seldom exceeded.

w+ow/dzd
| ZA w + Ow. z‘z
v + 0v/dy dy
u —>> u+éudxd
> | U Towox dx
dx I
w
Y .
»
(@) ‘ X

Fig. (11.1.3) Velocity Components_ on an Element of Soil




e Seepage Flow as Potential Flow

Darcy's Law V = Ki may be generalized in the form

v=-gd
dx

(IL1.4)

where V = velocity, h is the head in the fluid driving the water particles inthe length of

dx. Considering an element of soil of dimension dx and dz in the plane of the paper and

dy perpendicular in the plane as shown in fig.-(II.1.3). Let the velocity components at the

entrance to the element along the axis of x, y, z be u, v and w respectively. Then

according to Equation (I1.1.4) we obtain:

(IL1.5)

It may be seen from these equation that the velocities u, v, w can be regarded as the

partial derivatives with respect to x, y, and z of a quantity ¢ = -k h known as a velocity

potential. Equation (II.1.5) may be written as:

The quantity of water entering the element in unit time is

udzdy+vdx dz+wdx dy

(11.1.6)

(IL1.7)



The quantity that leaves it, is

(u +@dx) dz d‘y+(v+gv—dy) dx dz + (w Lo dz) dx dy (11.1.8)
Ox oy oz

If the flow is steady and the fluid is incompressible, the quantity of water that enters the

element is equal to that leaves it. Therefore, equating expression (II.1.7) and (II.1.8) we

get:

(iu_+2v_+?) dzdxdy =0
z

ox oy

Since dx, dy, dz are dimensions of the element, the expression in the bracket must be

equal to zero, or

Ou  Ov_ Ow (IL1.9)

Substituting values of u, v, w in equation (IL.1.6) we obtain:

@;@g;%i;%zo (IL1.10)
Equation (I.1.10) is the well known Laplace's equation which is encquntered in many
branches of applied mathematics.
It must be remembered that since the Potential Law ,equation (IL.1.10), has been
derived from Darcy's Law eq.(Il.1.3), it is subjected to all its limitations. Equation
(I1.1.10) deals with the three dimensioﬁal flow. In weirs aﬁd other similar structures,

where the width of the river is considerable, the flow may be considered as two

10



dimensional, as the flow at any cross section of the structure is not appreciably influenced
by any cross flow from the sides. In case of drainage works, undersluice adjacent to head
regulator and other narrow structures, the influent from the sides will be considerable,

and the flow will approximate to three dimensional. For two dimensional flow equation

(11.1.10) reduces to

2, 52¢) 0 (IL1.11)
x* oy

Graphically, equation (I1.1.11)) can be represented by two sets of curves that intersect at
right angles. The curves of one set are called flow lines, whereas the curves of the other

set are known as equipotential lines. The combine representation of two sets of lines is

called a flow net.

.o Potential and Flow function

Introducing the concept of the velocity potential function ¢ (x, z) defined as

p=-kh (IL1.12)
the velocity component are given by
vx=22 and vz=22 (IL1.13)
ox oz
and Laplace's equation may be expressed as
2 2
o9 6¢_V¢ 0 (IL.1.14)

ox’ 62

11



If second function y (x , z) is introduced such that

Vx = 6_(// and Vz =V
= o

Then it may be seen that

oy N oty

=0
ox? 0z*

Thus the function v, called the flow function or the stream function, also satisfies the

(IL.1.15)

(i1.1.16)

Laplace's equation. The two functions \ and ¢ which satisfy the Laplace's equation are,

in fact, both parts of solution of solution of the equation. Their physical significant is

examined below. The potential function ¢ (x , z) gives distribution of ¢ in the xz plane.

Consider a curve along which ¢ (x , z) = constant = ¢1, as shown in fig. (I[.1.4). To

obtain the tangent on a point on the curve, the total differential of the function is written

as

d¢=@dx +a—¢dz
ox Oz

=Vx dx+Vz dz‘

Then for constant ¢, dp=0 and the slope of the tangent is given by

2

0= %dx +'%dz
0z

dz __Vx

dx Vz

Vx dx=-Vz dz

(I1.1.17)

12



The curve along which: '¢) is constant is called the equipotential line. It is a line of

constant head 'h' or energy.

o(x , 2)=¢1

X

Fig. (11.1.4) Intersection between Flow line and
Potential line

Considering a second curve defined by a constant flow function, the total differential of
the function y (x, z) is
oy oy
=—dx+—dz
oy 5 O

Oz

=-Vz dx+Vx dz

As the function y(x , z) = constant = y1, dy = 0 and the slope of the tangent is given by

L _Vz (I1.1.18)

13



The curve of constant  is called the flow line or stream line. Compring eq. (11.1.17) and
eq. (I1.1.18) it is apparent that the product of gradient of an equipotential.line and flow
line is (-1) ie. the two lines the equipotential line and the flow line are orthogonal

curves.. The form of these curves is governed by the boundary condition of the problems.

14



1L.2. DETERMINATION OF UPLIFT PRESSURE BY MEAN S OF

CONFORMAL MAPPING TECHNIOUE

‘a. Flat Bottom Weir‘vwithout Sheet Pile Resting on

a_Porous Medium of Infinite Depth

In this case we consider the simplest example of confined flow of ground water

under hydraulic structure -the flow about a flat bottom weir on soil of infinite def)th- as
shown in fig. (I1.2.1a). This figure describes the physical domain in Z-plane, the weir
.rests on a homogeneous isotropic: porous 'me.dium of infinite depth. The Sehwarz—

- Christoffel transformation that m_éps the Z-plane bn _te the lower half of the t-plane is

r o dt
Z=M —+N
. ‘[(t + b)l-B/:r(t _ b)l-cln‘

Since the intervals angles at'vertices B and C are equal to 7, we get,

Z=ML+;%L—T+N
C(t+b)(t-b)
Z=Mt+N -o(r2.a)y
‘To determine the constants M and. ‘N we set the corresponding conditions at
pomt 0 values of Z=0 and t=0 then N—O at pomt C, values of Z=L and t—b we get value

of M=L/b. Substltutmg these values into eq. (II 2. 1) we get the requ1red transforrnatlon

. of Z plane onto lower half of t plane as;

'Z:l;_t" @22

15



Z -plane

(a)

t -plane

W -plane

m}.”C
o °
2+1.m
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-~
A
O >
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~ e e T
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R

Fig. (I11.2.1) Flat Bottom Weir without Sheet Pile
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The transformation of w plane onto t plane is given by,

O dt
w = Ml - + N1
'[ (t+ b)°‘5 (t- b)°‘5 ,

e dt
— M —2 N1
J' le —t2
=M2( asin (%))+N1 (IL2.3)

At point C, values of w=0 and t=b, hence N1=-0.5t M2. At point B, values of w= -kh
and t=-b, hence M2= -kh/m. Substituting these values into eq. (I1.2.3), we get
transformation of w plane onto lower half of t plane as:

we— X asin b+ B (IL.2.4)
T b 2

- or

t_ gn [F_W7
o= (52
t=b cos (%) | (1L.2.5)

Finally, substituting eq.(IL.2.5) into eq.(I.2.2), we get for the required transformation

between all points in the Z and w planes, that is

7 <L cos (ﬂ) (1126
kh

17



From eq.(II.Z.G) we can develop equations for stream lines and equipotential lines,

substituting w=¢ + iy into that equation, we get,

Z = Lcos(¢—ﬂ+iﬂ)
kh kh

Z =L cos L cos| iZ% |+ Lsin L2 sin | i 2%
kh kh kh kh
substituting ¢'= (d)—ﬂj and W'—[ﬂ) we get,
E9% k) Uin ) 7055

Z =L cos¢' coshy'+ i Lsin ¢'sinh ' (11.2.7)

 Equating the real and imaginary parts of eq. (I1.2.7) we get,

X =1Lcos ¢'cosh y'
Y =Lsin ¢'sinh o

XZ N Y2
L? cosh? ' L7 sinh?

~1 (11.2.8)

and

X? Y?
_ =1
L’cos’¢' 17 sin’¢'

(11.2.9)

18



_Equaﬁén (II28) gix}es'th_e locus of a stream line for given y’ and eqﬁétion (11.2.9) gives
the locus of equipotentie'ﬂ line for given ¢’. Now assuming y’ equal to a sequence of a
constant , say y’n, we find the stream lines to be the ellipses with foci.at the points +L
and —L. The equipoteﬁtial lines will be confocal hyperbolas. A portion of the resulting

flow net is shown in fig. (I1.2.2) below.

yx

¢ equipotential
. lines

y flow lines

Y

Fig. (11.2.2) Flow net

Let us consider now, the nature of uplift pressure acting along the base of the
structure. Calling the pressure excess of tail water pressure Ap and noting that ¢ was

taken as zero along CD (where y=0), from eq.(I1.2.6) we have,

h yw X ' :
Ap = =
p z acos (L) (11.2.10)

19



A plot of Ap/ﬁv as a function of x/L is given in fig.(11.2.3). The excess pressure force

P (per unit length) acting on the base of the structure is

. L L ' .
P=[Ap dx= hj;w_facos(%)dxzhL;fw (11.2.11)
~L

-L

UPLIFT PRESSURE ALONG THE BASE

o 0-8

3 0-7

2

3 P |06

o i

§ 0.4 S~

o 0-3

3

) 0.2

4 08 -06 -04 -02 0 02 04 05 0.8 1 -
distance (X/L)

Fig. (11.2.3

3L/4 —l P=yw h L

Fig. (11.2.4) Uplift _Force
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The moment of these uplift forces relative to the heel of structure (point A) is
. L h 7W L X 3 5
MA= [ (x+L)Ap dx =—— [ (x +L) acos (—Ij) dx = ZhL W (IL.2.12)
-L T -L

where the moment arm X of the pressure.force (measured from the heel, point A) is

found to be

x=Ma_3L (IL2.13)

P 4

b. Flat Bottom Weir with Single Sheet Pile Resting on

a Porous Medium of Infinite Depth.

As the next example of the solution of confined flow problems we shall consider a
structure with a single sheet pile (depth s) resting on the surface of an infinite depth of
porous medium. To provide the general solution to this pr_oblem, we shall choose the Z
plane as shown in fig. (I1.2.5a ). In this figure, BCDEF represents the bottom of the
. contour of the structure including shéet pile CDE. Once general solution is determined,

various special cases can be obtained by adjusting the length of L1,L2 and s.

21
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Fig. (I1.2.5) Flat Bottom Weir with Single Sheet Pile ,
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We begin by mapp{ng the Z plané onto the lower half of t plane . Following the mapping
rule the points Ao, C, D, E, Geo are mapped onto - o, -1, 0, 1, 4+1, + oo on the real axis
of the t plane. The points B, and F will be located on the points t=b1 and t=+b2, which

are to be determined. The Schwarz-Christoffel transformation is

7 = MJ‘ dt
t+ 1) (-0 (t-1)°

M — N
G+ (t-1)~

Z=M+vt’-1+N (11.2.14)

To evaluate the constants N and M, we consider the corresponding values of Z and t at
the vertices E and D. At point E, value of Z=0 and t=1, hence N=0. At point D value

of Z=is and t=0, therefore M=s. Now if these values are substituted into equation

- (I11.2.14) we get:

7 =5+t -1 (I1.2.15)

The complex potential plane for the flow domain is shown in fig. (IL.2.5b). Mapping of

the w plane fig. (I1.2.5b) onto the lower half of the t plane is given by

o dt
w =Ml + N1
j (t+b1)*(t-b2)*

w = MI asin (t ;’“) + N1 (I1.2.16)

23



where 7&=(b14‘-b2)/2 and Al=(b1-b2)/2. At point F , value of w=0 and t=b2, substituting
these Valueé into eq.((IL.2.16) we get Nl= - (mM1)/2. The condition at point B gives
value of w=-kh and t=-b1, substituting this into eq.((11.2.16) we get value of M1=-kh/x.

Now we can rewrite eq.(1L.2.16) become:

W= —&asin(t+m)+£h— (L2.17)
T -2

or

Al+t .(m W
=sin{ ————
( A J (2 khj

t=2 cos(2r) - Al S (218)
kh

Finally, substituting eq.(11.2.18)).into eq.(I1.2.15), we get for the required transformation

. between all points in the Z and w planes,

0.5

Z=s [(/1 cos (l:—lz) —;’U) ~ 1;! (I1.2.19)
1

Where »

,‘t:o.sN&l)zH +\/[%)2+1J S @21%)
u:o.sN[-’fSl]zH ] \/(ESZJZH © (12.19b)
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Fig. (11.2.6) Sheet Pile at Toe of Structure

For the particular structure in which a sheet pile is located at the toe of as shown in fig.

(I1.2.6), equating eq.(11.2.15) at point B, Z=-L1 and t=-b1. At point E, Z=0, t=1, we get:
2 ,
bl= [E) +1 (@)

A=05 (EJ +1 +1 (b)

1205 (g} o1 o1 (©) (11.2.20)
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For design purp'ose we need to know the hydrodynamic. acting along the various
section of the structure. We consider first the computation of pressure distribution. As the

'y axis has been taken positive downward, the velocity potential function is given by

é= -k[l; y}gc (11.2.21)

Now, noting that at y=0, ¢=-kh and p/yw=h1, we also find C = -k (h - hl). Along the

impervious boundary y=0, w=¢. Hence from eq. (11.2.18) we get |

t=A1 cos (?—7[—)-—21
kh

¢ = M cos (t J:,LM] | (H-2-22)

Z

0 < acos (tzﬂJ]Sﬂ

from eq. (11.2.21), we get:

4—k(£—yj—k(h-hlv) = —Eh—acoS(tJer
YW ' T A

p :w[ﬁ acos( M) +y-h+ hlJ : (I1.2.23)
7[ .
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Eq (II 2. 23) is the pressure at any point along the 1mperv1ous boundary For a flat
‘ bottom welr with a sheet prle at any 1ntermed1ate pomt by puttmg y=0 and substltutmg g

_eq. (Ir2. 15) into eq. (II.2.23) we get the pressure. along the base equal to -

— acos — :
Tz . As

pzyw(h Alst+s* +x +h2] - . ."(11'2.24)

- And the pressure along sheet pile by putting x=0, we get

—acos
|\ = As -

A ‘2_" - ,
piyw(h /l,ls,i‘wls y +y+h2J‘ - (IL2.25)

In fig. (I-I.2.7) are shown curves prebar'ed by Kho‘sla, Bose, and Taylor that give
) pressure ln the water Ap in ‘excess of hydrosta'tic pressure relative to tail water eleyation
at point C, D, E of ﬁg (II.2.5) for any positlon of the ,sheet pile. The values of Ap at
: point E (ApE) can be 'obtained directly from the blot. For example, .for sheet pile’of s.=
b/2 (o= b/s—2) located at one-fourth of the base length from heel of the structure
h(bl/b—l/4) the pressure -in the water at pomt E in excess of ta1l water hydrostatic
- pressure, will be ApE 0.35h yw In lrke manner, pressure at point D for bl/b >= ’/z can
be obtained dlrectly from the curves labeled * curves for ApD’ on the ﬁgure. For values of
_ bl/b<Y the abscissa is entered with values of ( 1- bl/b), and the desired value of ApD/ '
' .h yw is obtained by subtraéting the determined v_alue from unity. Thus, from the exarnple

| ~ given above, ApD = 0.57 h yw. To find the excess pressure at point C, the abscissa is
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entered with (1 -bl/b), and the vé.lue of ApE/ h yw is determined for the proper o from
ApE curves. Then the desired ApC / hyw is obtained by subtracting this value from

unity. For the example above, ApC = 0.87.

" ¢. Khosla’s Theory

The usual barrage and weir sections do not conform to a simple elementary form
"and direct solution of the Laplace equation is not available. To apply the analytic solution
to any practical composite profile of a weir or a barrage, Khosla and his associate (1936)
evolved the method of independent variables. In this method a composite barrage or weir
section split up inté a number of simple standard forms of known analytical solutions.
The most useful standard forms among these are
e A straight horizontal floor of negligible thickness with a sheet pile at either
end fig. (J1.2.8a) and fig. (I1:2.8b).
e A straight horizontal floor depressed below the bed but with no vertical cutoff
fig. (IL2.8c). |
e A straight horizontal floor of ﬁegligible tﬁickness with a sheet pile vat some

intermediate position fig. (11.2.8d)

In general the usual barrage or weir section consist of a combination of all the three
forms mentioned above, the entire length of the floor with any a pile lines, etc. making up
one such form. Each elementary form is then treated as independent of the other. The

pressure at the key points are then read off from the curve fig. (I1.2.9).
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IL3. STABILITY ANALYSIS OF SOIl. BASE

a. Stability Against Rotational Sliding Failure

a.l. Rotational Sliding due to Land Slope

The concept of rotational sliding_along a circular failure surface originated in
Sweden where failure surfaces in soft clays were observed to closely resemble arch of a
circle. Fellenius presented in 1918 an analysis of slope failure using a circular slip
surface, where the soil was regarded as purely cohesive material ($t=0). He further

-extended it to “c-¢” soils. This analysis based o‘n a circular slip circle has been known
since about 1930 as the “Swedish Slip Circle Method”.

The assumption of circ";ular failure surface gives the simplest solution, although it
may lead to larger values of safety facfor (2 to 7 %), because in most cases the critical
shear failure surface for the minimum safety factor is non circular. |

The basic approach in the slip circle method is to consider the overall moment
equilibrium of a sliding mass of soil above a trial failure arc. The sliding mass is divided
into a reasonable number of slices (6' to 10), a typical slice is shown in fig. (I1.3.1)
Taking moment about the centre 6f rotation, the overall moment of equilibrium can be

expressed as:

SW x = SF (XSLR) (L3.1)

where: W = weight of slice
x = horizontal distance between cg of slice and centre of slip circle

L = length of slice base
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R= radiﬁs of slip circle
S = shear stréss for equilibrium
SF = safety factor
The side forces on the slices are not included in the moment equation, because when all

the slices are considered, the net moment of side forces will be zero.

W sino.

W cosa W

(b)

free body of slice of soil mass

Fig. (I1.3.1) Forces on a Slice in The
Slip Circle

Assuming SF is constant along the entire circular arc, using eq. (I.3.1), we can rewrite

the equation in the form as follows:

SF— %SWLR _ 1\1‘:11; (13.2)
X

32



where Mr and Md are resisting moment and driving moment respectively, thus the
safety factor is ratio between the average shear strength of soil to the average shear stress
required for equilibrium along a potential failure surface.

For slope in clays where $=0 condition applies Su=Ct (undrained shear strength) and it

is independent of the normal stress. Eq. (I1.3.2) can be written as:

spo2SLR_pCL | (I1.3.3)

ZW.X B ZW sin @

* ‘where a is inclination of slice‘ba'se to the horizontal, Ct is soil cohesion and L is length of
slice base. For soil having C and ¢ valﬁes, the shear strength of soil not only depends on |
cohesion but also depends on the normal stress écting on it. Now, the weight of soil W
resolved into normal and tangential components, N=W cos d and T=W sin a, ‘as shown
in Fig. (I1.3.1). The sliding force is fangential component (T) and the resisting force is the
shear strength, which is the sum of the cohesive and the frictional strengths at the base of

each slice. 'Thus,

_Mr R ¥ (C L+N tan ¢)
"Md R ) Wsina

SF

Z(g I\;V +:n ‘Z“ 2 (IL3.4)

SF =

If effective parameters are used, C’ and ¢’ , the normal force is reduced by the water
force N’=p L , where p is the average pore water pressﬁre on the slice bottom.  The

safety factor is expressed as:
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or

Sf:Z(C'LJrN tan ¢') )
' Y. W sin o

_C Lt+tan ¢'> N-N) © (IL3.5) |

F
S >'W sina

where Lt is total length of sliding line.

a.2. Rotational Sliding due to External Load

‘Now let us apply the above approach to a problem as shown in fig. (I1.3.2). In .
this- case, the driving load is induced by external load (structural lbads), which consist of |
vertical loads of structure, moment due to eccentﬁc loads of structure and moment due to
horizontal water thrust (earthquake nof considered). These loads will influence stresses
_either in the soil base (interface between the structure and the soil strata) or base of slice.
Thus, the normal force acting on the base of slice must be added by the external load q’ .
The driving moment due to soil weight within the slip circle is equal to zero, because it
is symmetrical about vertical line C-O throﬁgh the centre of the circle. The driving
moment in eq.(I1.3.5) is-,therefore, replaced by total exterﬁal force multiplied by its

distance to the centre line of circle. Now we can rewrite eq.(I.3.5) as

N=(w+q')cosa

o ZRE Lt;(N-N')tangb‘) W
X

To calculate stresses beneath the foundation level, we will use a method called

‘sixty-degree approximation’. This method is widely used in making rough estimates of
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subsurface stresses resulting from a loaded foundation area. In this method, it is assumed
that the subsurface vertical stresses spread out uniformly with depth, the stress area

increasing at aslope of 1 horizontally for each 2 of depth measured from the edges of

foundation as shown in fig. (I1.3.2)

structural foad TN

q= stress at ground surface .

q’Xstress at slice base

}~—_—B+y‘__‘___{

®

Fig. (11.3.2) Stress Distribution in The subsurface
due to External Load
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At a given depth, the subsurface stress q’ is assumed to be uniform over the areai i

stressed. Then the stress at depth y becomes

N _
=57 (IL3.7)

" a.3. Effect of Seepage and Submergence.

Soil in which water is flowing is made up of a frame work of mineral particles
: ihterspersed with water. Taylor (1948) points out that the resultants body forces of the
soil énd water can be determined in several ways.

1. Using the submerged soil weight and the seepage erce.

2. Using the total weight of soil and water and a resultant boundary neutral force.

3. Using the true weight of soil grains, the f_rue weight of water, and a resultant

boundary neutral force. |

According to standard soil mechanics procedure, the tru¢ weight of soil grain in
- saturated soil can be expressed nﬁmerically by G, the speciﬁc_: gravity of the grains, and
ihe true weight of water contained in the soil voids can be expressed by , e , the void
" ratio. In the metric system the total unit weight of saturated soil is ('G+e) in a volume
equal (1+e). The unit saturated weight is therefore (G+e)/(1+e), the unit dry weight is
G/(1+e) , and the unit submerged weight is (G-1)/(1+e). | .

Consider the forces acting on a small element of soil subjected to seepage in fig.
(IL3.3a) . In fig. (11.3.3b-1) the downward forces due to the weight of the soil and water
can be shown as made up of the true weight of the soil grains (distance AC) and the true

weight of water (distance CD); or in fig. (I1.3.3b-2),
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' t}.le. submerged soil Weight (Aisfance AB), the uplift in the soil grains (distance BC), and
the weight of the water (disténce CD). In fig. _(II.3‘.3b-3)- the total downward force is
represented by. tﬁe subn;lerged soil weigﬁt (distanée ‘AB) and total buoyancy (distance -
T . o

In fig. (11.3.30) the vresultant body fc;rce (distant AE) may. be obtained by
cémbining the fbrées in sevéral different vk}ays. The two most pfacfiéal céinbination are:

I. The sﬁbmerged soil weight ana the seepage forced.

' 2. The fotal Weight of soil‘ and watéf énd the resultant boﬁn&afy néutfai force.

The vw'ay these combination can be made i§ shown if ﬁg (I1.3.3d ) and fig, (II'.3:}3e ): In
(d) the’submerged soil isnéombined with the seepage force, and in (e) the séturated soil
-Weigﬁt is:co'mbined with the resultant boundary neutral force. The resultant R is exaqtiy

the same in both cases.
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Resultant body force with seepage can be obtained several ways:
e Forces AB and BE
. e Forces AC and CE
o Forces AD and DE

Fig. (‘ ﬁ.3.3) Resultant Body force in Soil with Seepage
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5. .Stabilig ég:ﬁnst Bearing Failure

A foundatioﬁ is a part of structure which transmit loads from the structure to soil
base. Stability of soil base, therefore, plays an importanée part of whole structure. There
are two basic types of foundations: shallow and deep foundation. A shallow foundation
usually derive its support from the soil or rock close to the lowest part of the structure
which it supports. The depth of the bearing area below the adjacent ground is usually
about equal to or less than the width of bearing area. The foundation that has length
considerably greater than its width is called strip foundation.

A deep foundation transmit all or portion of the loads to some significant depth
below the base of the structure. The deep foundation is ordinarily intended to by pass
weak or an undesirable material  and carry the loads to some stratum below the

unsuitable soil. A part or whole of the structural loads may also be carried by side

friction or adhesion of a deep foundation.

SN N N

Df

co=vy Df

v

45-¢/2 45-9/2 [)
3 1 X5-4/2

Log spiral

Fig. (11.3.4) Failure Surface and
Zones in The Terzaghi Analysis
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“ ‘.-The'bearin'g capabity‘ of soil base depends on the sheaﬁng fesistancg on the
boundary of the fai]uré zones. 'rhis sheariﬁg resistance caﬁ be conveniently divided into
three parts:

1. Cohesive resistance.

2. Frictional resistance resulting from surcharge co at the footing level. |

3. Frictional resistance resulting Frorﬁ the weight of soil with in the failure zones.

Although these quantities are not entirely independent, they may be considered
separately and on superposition the ultimate bearing capacity may be expressed by eq.
(IL.3.8) given below (Tomlinsion 1980). This suberposition is believed to lead to error on

the safe side, (not exceeding 17% to 20% for ¢$=20 - 40 (degree), while being equal to

zero when ¢=0, Vesic 1973). [ref. 4]
of =CtNc+00' Nq+057 BNy (3.8

Where Ct = undrained cohesion of soil,

co' = effective overburden pressure at foundation level (yD if submerged)
v = unit weight of soil below foundation level (use ' if submerged) .

Ng, Ny, and Nc are bearing capacity factors depending only on the value of ¢.

In case of a deep strip foundation, tﬁe | potential surface of slviding for fairly
isotropic soil mass may be assumed to be a logarithmic spiral starting under the
foundation and ending with a vertical tangent, as shown in fig. (11.3.5).

The overburden pressure oo’ is assumed to act at the base level of the footing.

With the conservative assumption that the mass of soil within the logarithmic spiral is
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'w'eighﬂ'ess, Zeevaert (1983) analyzed the Himiting plastic equilibrium condition and
vobtained the valueé of the bearing capécity factor Nc and Nq which are given in Table
(JL.3.1). Further, neglecting for all practical pﬁrpose the contribution of the third term of
the bearing capacity eq. (11.3.8), the ultimate bearing capacity fér a deep footing may be
written as:

qf>s [Ct Nc+c0’] (1d+0.1) (I1.3.9)

where s= shape factor

/

=0.1 for strip and 1.2 for square and circular footing, and (id+0. 1)=1 for dense

state. [ref. 4]

45 + ¢

log spiral

Fig. (11.3.6) Surface Failure of Deep Strip Foundation
(Zeevaert 1983)
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Table 11.3.1

Nq -

b (degrees) Ne
0 5.7_ iLO
5 7.8 1.7
10 10.5 27
15 15 48
20 24 8.1
25 40 15
30 .70 50
35 140 65
40 300 | 150
45 _ 429
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The capacity of horizontal resistance of deep foundation is calculated by
assuming the net ultimate soil pressure, distribution at the front and the back faces of the
wall as shown as fig (I1.3.7) [ref.4]. The point rotation is assumed at 0.2 D above the

base. The resisting moment Ms per unit length of the wall is calculated as follow:

Hq

/ Df
/I
4
H h
/
I’ 'f\
,I oI —————— : \‘ D1
J 0.2Df) Y
A bl w 48 Ncl |
— X ! X ]
1 ] Bl 1

=y Df(Kp-Ka)

Fig. (11.3.7) Assumed Soil Distribution

~

From triangle dob and deg :

ob _02Df _eg _DI1-02Df . Df _sD1-Df
db X dg y X y

-from triangle abc and ahe, we get:

Df _Df-DI_5DEDf
Xy y

and  D1=Df/3 (11.3.10)
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The fnorﬁeht of Sidg resistance ébOut O  is \the"algebréic sum of moments of fcn'angle dbc_ -
and dec .
- Ms ¥'O'.5Df 'Y E—Pi +0.5(2§ 2x —]ZE—PL
- . ‘ 3 5 ). 3 _ 5 .9

x Df? -4x sz
= e 2

=0.096x Df*
15 135 5
~0.1x Df?
‘Ms=0.1yDf (Kp-Ka) ~ @311

" From eq. (I1.3.11), we can find out the horizontal resistance of strip foundation by putting

| sum mo_inenfs about O
Hgq 0.8Df = 01 y Df? »(Kp -Ka) |
| Hq; 6_125yﬁf? (Kp-Ka)'_ - | (11312)
-Now let us look at in'ang»le | bdo anvd.taldng moment abbljt o , we get momenf ultimate
at. body of strip foundation equai to
Mo =y Df (I.‘(p;Ké)(vO.SDf.O.ZDf):(-(:)}Z);f“ 2/3) |

. Mo=00133yDf (Kp-Ka) - (IL3.13) -
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" The skin'friction, in term of total stress, is the ultimate adhesion Ca between the
clay and the pile shaft (concrete, steel etc.), which is generally related to the undrained
shear strength Ct as follows

fs=Ca=oa (Ct)av (1I.3.14)

Where o = adhesion factor

Ct av = average undrained cohesion over pile shaft

R R R ] BRI

o o 4a
e fs friction
.ﬁ-.’-:fi between
Df AR A concrete
ks and soil

H
Y
S
ThlhTh
Pl el ol
P
gl
P L

Fig. (11.3.8) Skin Friction

The adhesion factor depend on the type of the clay, the method of installation and

the pile material. The appropriate value of o is obtained from the results of load tests.
For driven piles, the value of o range on the average roughly from unity for soft clay to

0.5 or less for stiff clay, while for bored piles in stiff clay a is roughly from 0.3 to 0.5.
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In the ab.senc-e of 'other data, thé fo]lowing values of o« may be adopted for preliminary

design purpose:

a= 0.3 for Ct> 250 kPa
o= 04 for Ct= 100 kPa

o= 0.5 for Ct< 50 kPa (I1.3.15)

"

with a maximum value of fs = 100 kPa. A value of o = 0.45 for the skin friction of firm
to stiff clays may be adopted (with f5 not exceed 100 kPa), when no previous experience

is available (Skempton 1979, Tomlinson 1980).[ref.‘ 4]
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Chapter III

DESIGN OF HYDRAULIC STRUCTURE FOUNDED ON
CLAYEY SOIL

IL.1. A SIMPLE HYDRAULIC STRUCTURE

a. Minimum Base width Requirement

If we consider only hydrostatic force, the elementary profile of hydraulic structure
will be triangular in section, as shown in fig. (IIL.1.1), having zero width , where water.
pressure is zero, and a maximum base width b, where the maximum water pressure acts.
Thus the section of the elemgntaxy profile is similar to the shape of £he hydrostatic
pressure distribution diagram. The same profile w'ill provide the maximum possible
stabilizing force against overturning without .Causing tension at the basé. In triangular
I;roﬁle, in case of empty reservoi.r condftion, the resultant of the gravity load only acts at
a distance of b/3 from the heel i.e. a_fthe extreme upstream middle third point. Let us
now consider stabili.ty of the structure in fig. (T11.1.1). Taking moment about toe (point
B), we get:

e moment due to self weight, hydrostatic force and uplift pressure respectively

Mw = ﬁg (L 1.1a)
3

Mh = 7W6h (IIL1.1b)
213

Mu=2Y r;l h (IIL.1.1c)
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hydrostatic " h
pressure

h—»ﬂﬂ

yw h

uplift
pressure

Fig, (ITI.1.1) Eiementary Profile

o Consider the safety of the structure against overturning, it leads to condition

pem’h’ wh® ywm®h’
3 6 3

m2 [——— =0598 or b=0.598h
\‘ 2(yc - yw) - (L1

e against horizontal sliding (if sf=0.75)

20

H <0.75
i (I1.1.3)
mwh’ | -
5 2 > <075 or mz——47—w—20.952 or b=0952h
xmh® ywmh 3(rc-1w)
2 2 '

48



o - and if there is no tension at the base (uplift not considered)

e stress due to gravity load

W(1 6e)_2W _2xhb
b

ozZu=—
b b 2b

ozd=0

e stress due to horizontal water thrust

_mwh’ 6 _ ywh

6 b2  m?

ozZu=

w h
m2

ozd =

by combining the two values we get

azu:0=;ch—yw2h or m2_ ™ 50645
m e

e and if there is no tension at the base (upliﬁ consideréd)

qu=O=(;c-7w)h'—; h or m2 : > 0.845
2
. m o YOe-yw) ,

(I 1.4a)

(I11.1.4b)

(n1.1.21¢)

(I1L.1.4d)
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b. .Desgn.'of Simple Ejdraulié Structure F(')ulnded'on Clayey Soil
| A .simple hydr'aulic stru'cture.Fig. (I.1.2) is to be cons-tructed on a clayey soil.
Dimension of structure and data of soil aré as follows: |
e Concrete structure, yc is taken equal-to 2.4 t/m3.
e Height of structure i.e water level I.-Iw=10v m. |
e Base vﬁdth is taken with respect to sliding consideration, b = 0.952 Hw (taken
b=Hw=10 m). |
e Saturated unit weight ysat=2.1 t/r.n3.-
o Cohesion of soil Ct =10 t/m2 (undrained).
e Angle of internal friction ¢ = 30.

e Unit weight of water yw =1 t/m3.

Hw=10m

ysat=2.1t/m3
Ct=10t/m2
$=30

Fig. (I11.1.2) Design Example of Simple deraullc
Structure Founded on Clayey Soil




bl Loading Analysis
The loads acting on the structure can be drawn échematically as shown in fig.

(T11.1.3) below

| b/2 F
H |
> Mec
Hw/3 .
-+ 0
I b |
| I |
U
v
Fig. (1IL1.3

where P = b*h*0.5*yc = 10*10*0.5*2.4 = 120 ton
M =P*e =120*%1.67 =200 ton-m; e=b/6.
H =yw*h*h*0.5 = 1*10*¥10*0.5 = 50 ton

U = yw*h*b*0.5 = 1*10%10*0.5 = 50 ton

b.2. Stresses at Ground Surface

P/A =12 t/m2
_ Stress due to
1 vertical load
A O B
M/W = 12 Ym2 - (a)
2 { ' Stress due to
' . eccentric loading

A o) B
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24 t/m2

stress due to

| 142

self weight

uplift pressure

10 t/m2

: 10 t/m2 A
o stressducto
4 : : water thrust
' B g
(e)
-_ ’ 10 t/m2 -
4 ym2 ' “Total stress
vasae ] I
A .0 . B
. (1) '

Fig,

ig. (IT1.1.3) Stresses at Ground Surface
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b.3. Circular Sliding Analysis

Fig. (I1.1.4) A trial Slip Circle

To draw a trial slip circle, let us now select any arbitrary point at the X-Y plane as centre
of the circle, taking Y positive downward and the circle must pass through corner of heel

of the structure, then we can find radius and length ,central angle , arc of circle as follows

R = /(L +xc)® + yc? - (ILL5)

R =/(5+6)%+(-3)* =11.402m
6 = 2*acos (2'1{’-) =2.6091d | (IL16)

arc AB = 6 *R = 29.748 m
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Clay Soil (d) =0)
If the soil is purely clay, where ¢ = 0, the shear resisting moment corresponding

to the trial slip circle is

Msr = arc. AB*Ct*R = 29.748%10%11.402 = 3391.87 tm

The moment that cause sliding or called “Driving Moment” is multiplying between the
total load acting on ground surface and its distance to the line through centre of slip .

circle, i.e

Mdr = (4*10*6 + 6¥10%0.5%4.33) =370.0 tm.

. Thus, the safety factor against circular sliding is
Sfs =Msr/ Mdr = (3391.87)/(370) =9.167.

The computer analysis has been carried out to compute the safety factor of simple

structure founded on clay soil and the results are presented below.

DATA
Centre of Circle (xa,ya):6 ,-3
Vertical Load of structure (+ downward, t): 120
Moment Load of structure (+ counter clockwise, tm): 200

Length of base of structure (m): 10

Unit weight of soil (y,t/m3): 2.1

Angle of internal friction of soil($,deg): O
Cohesion of soil (Ct,t/m2): 10

Height of water{m): 10

QUTPUT _
Central angle (rd): 2.609088
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Radius. of circle (m): 11.401754
- Uplift Pressure (t/m2): 50
Weight of Soil in the circle line (t): 286.8996582
Shear resistance due to soil cohesion (t/m2):297.481842
Resisting moment (tm): 3391.814941
Driving moment (tm): 370.125
Safety factor of Circular sliding: 9.163972
The computation for various slip circle line to find out the minimum of safety factor is

done by means of CISANx (apendix) and the results are presented in the fig. (IL.1.5). 4

e Bearing Capacity

The bearing capaciiy forclay qf=5.14 Ct+vyD.
Put D=0 for foundation on ground surface, thus the bearing capacity of foundation is

qf = 5.14*10 = 51.4 ton/m2

The safety facfor

SF=qf/qmax.= 51.4/24=2.142

55



9.533 9204 | 7
9.426 9170 |- 6.5
9338 9.150 ¥
9.270 9.144 5.5
' 9.222 9.155 5
9.199 9.182 | 4.6
9.201 9.228 4
9.231 008 0. 9203 | 3.6
9293 9198 9.164 9174 9218 9288 9379 - 3

iSF = : 9.010

. concrete

-ysat=2.1t/m3
Ct=10t/m2
=0

i
|
i
]
ﬁ .
|
|
|
i
|

Flg. (IIL.1.5 ) The Mmlmum Safetv Factor of Simple

deraullc Structure Founded on Clav Sonl




Cohesionless Soil (Ct=0) |

Now, let ué consider if the structure is founded on cohesionless soil, where Ct =
0. In this case, the stresses due to e?ctemal loads and uplift pressure influence the stresses
on surface of the slip circle. The external loads increase the normal stresses in base of the
s]ip' circle, that means increasing of shéar resistance. The upliﬁ pressure along this line
reduce fhat stresses. In another case, the uplift pressure acting below the base of structure
will reduce both the driving moment e‘md vertical loads. |

Let the internal angle of soil friction (¢ ) be equal t(; 30 degree ana ysat= 1.98
t/m3. First we determine the stresses in the slip circle induced by external loads, as shown
in the fig. (IT1.1.6) below. We know that the two trapezoids in.this figure have same area,

also triangle cde and cldlel, using this condition we get

ao ‘ al
0o=— and 1= |
q bQ 9 berQ (IIL1.7)
gl_: al Q1 b or ('11: al Qb b P
qo b+y aoQ b+y b+y aoQ

. .

qr=—2_ @80+05y) (LILL8)

(b+y) ao
gb =q1+Qr (IIL19)

b+

where gb is the stress in the base of slice due to external load that must be added to the

stress due to soil weight in the slice for stability analysis.
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wt=ysydx +qgbdx
Y . Sr=(wt cosa-N’) tan¢
N’ =pm dx/ cosa.

Fig. (II1.1.6) Stress Distribution on Base
of Slice and Free body




Further, we determir;e the uplift pressures at any points along the slip circle line. By
putting ¢’ = a constant, say A, where value of A lies between -1 to 0. We can write
eq. (I1.2.9) as

xt vy 1'

L’cos’A L'sin’A

For A=Al , A2,....we can draw the curves of equipotential lines pl, p2.... as shown in

fig. (I11.1.) below.

equipotential
lines

pm= 0.5 (pl+p2)

©ym= 0.5 (yl+y2)
xm = 0.5 (x1+x2)
ds = (x2-x1)/cosc.
N’ =pm *ds

Fig. (H1.1.7) Uplift Pressure at Any points
along The Slip Circle
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NoW,» t_o' find the'points at the circle line, where the uplift pressure will be determined, we
must determine equation of the circle line. From the given coordinate of centre of the
circle C (xc ,yc) and the base length of the structure, we can calculate the radius of the

circle R, then the equation of the circle passing through the corner of heel of the

structure 1s

(x - Xc)z +(y-yc)* =R? (IIL1.10)

Equating this equation with a series of equipotential lines equation will results a series of

points lying in that circle line. The uplift pressure at that points are found from eq.

(11.2.17), and putting C=kh2, we have

¢=-k(l-y)+khz
}'w .

P = W(y -§+hZJ |

from eqj (II.2.’.7) ¢'= ih—ﬂ

.so. p= }w[y - %} + h2j _(HH‘I D)
If there is no tail water in the down stream side (h2=0), we get

p =7W(y~ﬂ) | (IILL12) |
T
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'v\;her'é p is the uplift pressure at any poiﬁt , his differe_nce head fbetween upstream and
downstream and y is the depth of point below the level of the base of structure. ¢’ are
the constants having values ranging from -m to 0. If we have the values of y of points
in the circumference of the slib circle line .and the equipotential lines, we can find the
uplift pressure at those points by using eq.. II.1.12).

The coordinate of points of intersection between the circle line and the
equipotential lines, forces at that points and safety factor have been computed by means
of computer program (CISAN) and the results are presented below. |

- DATA

Centre of Circle (xa,ya):6 ,-3 :

Vertical Load of structure (+ downward, t): 120"

Moment Load of structure (+ counter clockwise, tm): 200
Length of base of structure (m): 10

Unit weight of soil (y,t/m3): 2.1

Angle of internal friction of soil (¢,deg): 30

Cohesion of soil (Ct,t/m2): O.

Height of water(m): 10

CIRCLE OF SLIDING A .
Central angle (xd): 2.609088
Radius of circle (m): 11.401754

UPLIFT PRESSURE IN THE SLIDING LINE (-X REGION)
Considered Points of Pressure

X y o p
-4.974594 0.0973 -2.983 9.597301
-4.891706 0.377559 -2.826 9.377559 .
-4.739186 0.83065 -2.669 9.33065
-4.501329 1.444097 -2.512 9.444097
-4.152554 2.190077 -2.355 9.690076
-3.670679 3.042387 ~2.198 10.042386

-3.03063 3.961257 -2.041 10.461256
-2.213707 4.908643 -1.884 10.908642
-1.204251 5.837555 -1.727 11.337555

dx o ds. pm Fr=ds*pm Tot.Fr

0.082888 -1.283102 0.292125 9.48743 2.771514 2.771514
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‘. SOIL IN THE

7.278547

0.152519 -1.248711 0.481824 9.354105 4.507033

0.237857 -1.1984 0.653725 9.387373 6.136764 13.41531
0.348776 -1.133105 0.822877 9.567086 7.872533 21.287844
0.481874 -1.053797 0.974914 9.866231 9.618726 30.90657
0.640049 -0.961597 1.118555 10.251822 11.467231 42.373802
0.816923 -0.857508 1.248499 10.684949 13.340144 55.713947
1.009456 -0.742487 1.370073 11.123098 15.23946 70.953407

UPLIFT PRESSURE IN THE SLIDING LINE (+X REGION)
Considered Points of Pressure : :

A .p

X y
0.006657 6.699688 -1.57 11.699689
1.421163 7.442314 ~1.413 11.942314
3.032792 8.008947 -1.256 12.008948
4.824528 8.341048 -1.099 11.841049
6.764406 8.376061 ~0.942 11:.376062
'8.800771 8.052348 ~-0.785 10.552349
10.857083 7.31503 -0.628 9.315031
12.831296 6.127437 ~0.471 7.627438
14.5899532 4.482539 ~0.314 5.48254
16.033106 2.414687 ~0.157 2.914688
dx o ds pm Fr=ds*pm Tot.Fr
1.414507 -0.482077 1.596448 11.821001 18.871611 18.871611
1.611628 —-0.337274 1.707848-11.975632 20.45256 39.324173
1.791736 -0.182683 1.822055 11.924999 21.72801 61.052185
1.939878 -0.018027 1.940194 11.608556 22.522848 83.575035
2.036365 0.156987 2.061718 10.964206 22.605101 106.180138
2.056313 0.342475 2.183092 9.93369 21.686163 127.866302
1.974213 0.538174 2.299217 8.471234 19.477201 147.343506
1.768236 0.743253 2.40161 6.554989 15.742526 163.086029
1.433574 O 2.486673° 4.198614 10.440578 173.526611

. 956354

SLIDING LINE

T=wo*Ccos o

X \% o wo=y*i*Gs
-4.75 0.799671 -1.231044 0.839655 0.279818
-4.25 1.993746 -1.117445 2.093433 0.916883
-3.75 2.910795 -1.025805 3.056335 1.584438
-3.25 3.666146 -0.946336 3.849453 2.25062
-2.75 4.310096 -0.874816 4,.5256 2.901534
-2.25 4.870038 -0.808965 5.11354 3.529611
-1.75 5.362864 -0.747381 5.631008 4.130185
-1.25 5.799858 -0.689131 6.089851 4.700139
-0.75 6.188988 -0.633556 6.498437 5.23727 -
-0.25 6.536116 -0.580164 '6.862921 5.73996

0.25 6.845685 -0.528581 7.187968 6.20698
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10

10.
11.
11.
12.
12.

13

13.

14

14.

15

15.
16.

16

DRIVING

X

.75

7.121141
.25 7.365206
.75 7.580052
.25 7.767428
.75 7.928747
.25 8.065148
.75 8.177545
.2b 8.266654
.75 8.333027
.25 8.37706
.75 8.399014
.25 8.399014
.75 8.37706
.25 8.333027
.75 8.266654
.25 8.177545
.75 8.065148
.25 7.928747
.75 7.767428
.25 7.580052
75 7.365206
25 7.121141
75 6.845685
25 6.536116
75 6.188988
.25 5.7959858
75 5.362864
.25 4.870038
75 4.310096
.25 3.666146
75 2.910785
25 1.993746
.75 0.789671
LOADS

Y

.75 0.799671
.25 1.993746
.15 2.910795
.25 3.666146
.75 4.310096
.25 4.870038
.75 5.362864
.25 5.799858
.75 6.188988

-0.478508
-0.429705

-0.38197
-0.335135
-0.289052
-0.243593
-0.198642
-0.154094
-0.109853
-0.065827
-0.021928
.021928
.065827
.109853
.154094
.198642
.243593
.289052
.335135
0.38197
.429705
.478508

.580164
.633556
:689131
.747381
.808965
.874816
.946336
.025805
.117445
.231044

PP OOODOOODOOOO

gb

.038114
.063694
.071998
.078046
.085904
.096919
4.11156
1 4.129982
4.152226

IR N S S N

.528581

.477198
. 733466
.959054
.155799
.325184
.468406
.586421

.749678
795913
.818964
.818964
.795913
.749678
.679986
.586421
.468406
.325184
.155799
.959054
.733466
/477198
.187968
.862921
.498437
.089851
.631008
5.11354

4.5256
.849453
.056335
.093433
.839655

AN~ ~TF I~ DDDO®OPWOD DD OO O DO ~d ~d

ON W W

apl

-1.231044
-1.117445
-1.025805
-0.946336
-0.874816
-0.808965
-0.747381
-0.689131
-0.633556

.679986

6.63738
7.030407
7.38546
.702058
.979809
.218399
417573
.577136
.696937
776862
.816844
.816844
. 776862
. 696937
.577136
. 417573
.218399
.979809
.702058
7.38546
7.030407

6.63738

6.20698

5.73996

5.23727
4.700139
4.130185
3.529611
2.901534

2.25062
1.584438
0.916883
0.279818

~N O W W PDDO®XD®ODMWPL OO ]I

T=wnl*cos apl

0.672857

0.88991
.055484
.192134
.309814
.413945
.507856
.593757
.673197

o e S G S
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.178303 -0.580164 1.747309

~0.25 6.536116 4
0.25 6.845685 4.208225 -0.528581 1.816951
0.75 7.121141 ° 4.242026 -0.478508 1.882787
1.25 7.365206 4.279764 -0.429705 1.945342
1.75 7.580052 4.321527 -0.38197 2.005042
2.25 7.767428  4.36744 -0.335135 2.062231
2:75 7.928747 4.41766 -0.289052 2.117195
3.25 8.065148 4.472383 -0.243593 2.170174
3.75 8.177545  4.53185 -0.198642 2.221367
4.25 8.266654 4.596346 -0.154094 2.270942
4.75 8.333027 4.666208 -0.109853 2.319041
STABILITY

Uplift Force (t): 50

Weight of Soil(t): 286.996582 .
Normal Forces due to Weight of Soil(t): 251.432617
Normal Forces due to Weight of Soil(t): 33.867336
Total water force at the circle line(t): 244.480011
Total Normal force at the circle line(t): 285.299957
Effective force (t): 40.819946

Shear resistance due to soil cohesion (t/m2): O
Total Shear Resistance(t): 23.567381

Resisting moment (tm): 268.709503

Driving moment (tm): 370.125 .

Safety factor of Circular sliding: 0.725997

The Centre of Critical Circle

The centre of the most critical circle giving the minimum safeiy factor can only be
found by trial and error from analyses of various slip circle. By means of computer
program (CISANXx) we able to carry out analyses of various slip circle for homogenous
soil in dry or submerged condition, without or with steady seepage flow. Various shape
‘of hydraulic structure and loading condition can be analyzed by this program by -
converting the loading mechanism as shown in fig. (IiI.l.Z). For the present study we

consider a sample of simple hydraulic structure (elementary profile of Gravity Dam).
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Fig. (T11.1.8) The Minimum Safety Factor of Simple

" Hydraulic Structure Founded on Cohesionless Soil

2 2.5 3 3.5 4 45 5 5.5 8 6.5 7
X
1258 1001 0876 0812 0785 0782 0795 0821 0856 0801 0953
1158 0827 0816 0762 0740 0742 0758 0788 0826 0873 0926
1057 0851 0754 0709 - 0.694 0701 0721 0752 0794 0842 0.898
0949 -0771 0688 0653 0647 0657 0682 0717 0760 0812 0.870
0.839 0.596 0726 0781 0842
0.721 0.535 0691 0748 0812
0557/ 05670, 0475 0489 0716 Q.779
0465 (0408 0395 0403\ 0.429 0684 0749
0326 008 0312 0.341L0._3%'7\ 0648 0714
Hw=10m
C(@25,-1)
"""""" 1IN/ Sfs = 0.305
concrete > :
EHE I TTEEEE EFEE SEEEEE Nt X
A i B W
ysat=2.1t/m3 B=10m j__
Ct=0 i
=30 |

4.5

3.5

2.5
2:

15

-1

65



4 45 5 6.5 6 6.5 7

$=30

X
10584 10.226 9.912 9883 9912 9985 5
10.483 10.148 9850 9973 | 45
10.411 10.097 9.888 9.980 4
10371 10.073 9.909( 10.008 3.5
10.366 10.082 9.955 10.060 3
10.400 10.127 10.025 10.135 | -2.5
10.478 10.212 10.071 10027 10.050 10.123 10.233 2
Y
- -Y
Hw=10 m “C (6 ,-4)
_____________ .
| Sfs = 9.840
|
{ . X
A T TRIRT R
ysat=2.1t/m3 i
Ct=10t/m2 i
|
|
|

Fig, (I11.1.9) The Minimum Safety Factor of Simple
Hydraulic Structure Founded on Clavey (C-¢) Soil




'_Fr'om the anglyées of various slfﬁ circle of tw.o kinds of soil, as Shonn in fig.
(I11.1.5) the hydrauiic structure foupded on élay soil (¢=0) and fig. (IIL.1.8) the
-hydraulic structure founded on cohesionless soil (Ct=0), we can note that the critical of
slip circle for cohesionless soil is lying cloée to the base of structure (shallow seated
slides) and the safety factor is very small (unstable), but for cohesive soil or clay soil, the
criticaf slip circle is far from the base (deep seated slides) and the safety factor resulted is
high (safe condition). Fof the clayey soil (C-¢ soil) the centre of critical slip circle and
magnitude of safety factor is slightly less than the, clay soil, thus it can be noted that
'stability of hydraulic structure founded on clayey soil (with seepage condition) is

predominantly performed by cohesion of soil. The friction of soil has no significant

contribution, so it may be ignored in the analyses.

b.4. Influence of Water Storage Level

The height of water storage inﬁuent uplift pressure éither at the base level of the
structure or at the slip circle level. In the base of the structure, the uplift pressure will
counter both vertical load and driving moment due to structural loads, thus, it will be
advantage for circular sliding stabilit)-/. Meanwhile the uplift préssure in the slip circle
level will reduce normal pressure and it wi].llbe disadvantage for shear resistance of soil
along the slip circle line. The computation of sliding safety fﬁctor of hydraulic structure
founded on clay soil and cohesionless soil for various water = storage level have been

carried out and the results are presented in table I11.1.1 below
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- Table IT1.1.1 Influence of water étoragg
- -level on _Safety Factor

Cohesionless Soil - ' Clay Soil
Hw Sfs Hw Sfs
10 0.725997 - 10 9.163972
9.5 0.747332 - - 9.5 8.212774
9  (.768609 9 7.479339
8.5 0.789951 . 8.5 6.897502
8 0.811427 . 8 6.425352
7.5 0.83307 ‘ 7.5 .6.035048 .
7 0.854893 ‘ 7 5.707352
6.5 0.876889 6.5 5,428534
6 0.899041 . 6 5.188523
55 0.921319 55 4979751
5 0.943686 5 4.796414
4.5 0.966094 45 463398
4 0.988489 4 4488843
3.5 1.010808 3.5 4.358101
3 1.03298 ' 3 4.239378
25 1.05493 2.5 4130711
2 1.076574 2 4.030462
1.5 1.087823 ' 1.5 3.93724
1 1.118583 . 1 3.849867
0.5 1.138754 0.5 3.767332
0 1.158234 0 3.688759

Table TI1.1.1 shows that as the water level decrease; the safety factor of structure
founded on cohesionless soil increase, it reveéls that decreasing of uplift pressure below
the ba_se of foundation, means increasing of driving moment, is less than increasing of
shear resistance of soil in the slip circle line (in‘this\.case increasing of normal stress).
Decreasing of safety factor of the structure founded on clay soil is caused by decreasing
of uplift pressure below the base of the structure (increasing driving moment), meanwhile

the shear resistance of soil in the slip circle line constant.

68



a. Stability Analysis

A barrage is a diversion structure in which the crest is kept at a low level and the.

pounding up of thevriver is accomplished primarily by means. of gates. In India aIscl)r
Indonesia, in many water resources projects, barrage are 'wic-lely used és diversion
structurés; Design of Balrage consist of two main cases,.the hydraulic design and tile
structural design. In this present study, as mentioned before, we are concerning in

structural design of barrage, specifically in stability of b‘airrage founded on clayey soil

against subsurface flow (uplift pressure). In the past, most of the barrages are designed ~

~

with gravity floor concept. Stability of the barrage is governed By the weight of floor.
Structural design of barrage ﬂdor, therefore, piays important role in achieviﬁg economy
and technical aspects.

" To resist the indicated ublliﬁ lprle.assure, the ﬂéor is .usuall.y designed as pﬁre
gravity section, called as ;‘Gravity Floo‘r”b_ as shown lin Fig.(111.2.2). For this purpose, a
considerable thick of concrete floor require to counter that préssure, sometimes the

thickness is more than 3.5 m. This solution, therefore, will cause new _problems to arise,

like low bearing capacity of soil base, construction problems (large excavation, large

concreting and dewatering), consequently, these will consume long time and much

money.

A barragé with floating ﬂbqr- and ribbed foundation system as shown in

Fig.(111.2.3), consist of:
e Pier. It acts as supporting that transfer loads from bridge and appurtenant structures

to the girder (upper rib of the barrage).
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. ;}_.ilrdé-r. -.It will éonti_nué the pier loads tQ. foundation (lower ribs). -

. Floating floor. Thi‘s is quite thin of': reiqfdrced concrete slab, é,nd designed only to
resist uplift pressure. It acts like a sléb of water tank loaded by weight of wafer in
side.

¢ Strip (Iower ﬁb) foundation. This is a ,cgtoﬂ' made fr(?m reinforced concrete and has
doubl'e ﬁlnction, ﬁot only to increase seepage line , but also acts as foundation

continuing the structural loads to soil base. Strip foundation and floating floor form a

inverted box.

a.1. Weight of Structure Required

Inthis barrage the uplift pressure is résisted by using the rigidity of the structure
to transfer the loads (the weight of the water éﬁ(isting ih the upstream side, the weight of
structure and external loads) as counter balance. The water existing in upstream side
| _induces both vertical and horizontél thrust. "_The_ uplift pressure along with horizontal
water thrust :cause instability to the stfucture. To keep the barrage stable, overturning
moments, horizontal and vertical movement due to that forces will be resisted by the
weight of the structure, inclusive external loads, and the weight of water in upstream side.
By taking equilibrium of these lforces, we ablc to_deterrﬁine the weight of the structure
required . The mechanism of forces acting on .this barrage schematically shown in -

_Fig.(111.2.1). By taking equilibrium of vertical forces, we get:
W+P-U=0
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bu Hw 7w +P - 0.5 Hw (bu+bd) = 0

or P =0.5 Hw (bu+bd) - bu Hw yw (T1.2.1)
) bd
l bu { |
— T - l
T T W L structural loads
Hw ‘ ¥ :
H .
! ~ X
water pressure A o] ' B
u .
/—’f—" : uplift pressture
Y . : :
! b —]

Fig. (IT1.2.1) Mechanism of Forces Acting on The Barrage -

From eq. (I.2.1), we can ﬁote that jf the vaiues of right hand side , in this case
- the uplift pressure and the weight of water at upstream side, 'are same, theoretically, the
weight of the structure (P) equal to zero. it'megns there is no counterweight required (by
the structure) balancing the upliﬁ pressure m ve;;tical direction .

Now, let us look at the equilibriﬁm of ‘r'noments about both ends, upstream and (

downstream. First we take sum moments about point B at downstream, taking positive

moments in counterclockwise direction and yw=11t/m2;
M + W(bd +0.5bu) + P 0.5b-0.5b Hw (5b/8) - (HW?)/6 = 0

- Qb Ho (Sb/8)-+(Fiw /6 M- W (bd +05t0) @22

P
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Now taking sum moments about point A at upstream side:

M-W (0.5bu)—P 0.5b+0.5b Hw (3b/8)-(HW?)/6 =0

P 0.5b Hw (5b/8) — (Hw")/6 +M W(Q.Sbu) _ - (I112.3)

0.5b
From the three equations abové we can find out the value of P. »Some values of P
has been calculated by means bf computer program with CH language (Pmin.cpp) and
the resuits is presented in table mr2.1. It s'h‘qws:‘that, frbm eq.(IIL2.1), if length of the
upstream floor equal to Sm (half of the total ierngth), the value of P equal to zero. From
) eci.(III.Z.Z) and eq.(IH.2.3), at the v.alue of Bu . higlier than 5m, \'/alues of P to be negative,

it means the structure is not required to counter balance the uplift pressure, On the other

hand, the structure can be made as light as possible.

Table III.2.1.

Pmin.cpp:Minimum of Structure Weight
Length of floor: 10 m :
The External moment: 0

Height of water at U/S floor: 5 m

bu P from eq. (3) P from wq. (2) P from eq. (1)

"0 14.583333 : 35.416668 25
1 14.083333 25.916666 . ¢ 20
2 12.583333 17.416666 15
3 10.083333 . 9.916667 10
4 6.583333 .. 3.4166067 . 5
5 2.083333 - -2.083333 | 0
6 -3.416667 -6.583333 -5
7 -9.916667 - =10.083333 - -10
8 -17.416666 -12.583333 -15
9 -25.916666 -14.083333 -20
10 -35.416668 -14.583333" -25

72



uss

du

I T S A T R I LY
steel
sheet pile
£ sheet pile
L [ ] ]
[ — I 1
upstream floor glacis downstream floor
Fig. (I11.2.2) Barrage with _Gravity Floor
bu bs bd
| - | |
, —a —
girder, ir .
(upper rib) e[ [ pier
' A girder, tr
(upper rib)
L
a i\ /'
cutoff/strip floating floor, tf D
foundation s_Iope 1:3 YT
(lower rib) cutoll/strip
foundation dd
L (lower rib)
1]
td b td

Fig. (I11.2.3) Barrage with _Floating Floor and

Ribbed Foundation
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a.2. .Hdriiohﬁl Stability
The horizontal stability of the barrage is governed by the horizontal resistance of

the foundation Hq. In this case, horizontal resistance due to friction between floor and

soil base equal to zero, since the floor is floating.- Now let us look at the figure below.

B2 | Horizontal
. . , resistance
girder | Hq
WW% [
floating floor - /
% .
cutoﬂ”/stﬁp %
foundation
ounda /
(a)
tat
H/2
_—> e~
(b) a

point of
. rotation

v D (Kp-Ka)

deformation

of foundation soil pressure

distribution

" Fig.(111.2.4 ) Detail of Foundation and Horizontal
Resistance :
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Since  the floating floor ‘quite thin, the rigidity . of floor in_ direction
’ berpendicular to it; plane is small, 'but in plane direction the ri.gidity‘i's very high. To
cémy out analysis for determining horizontal resistance of foundation, we may assume
that due to horizontal force, the fgﬁﬁdation will deﬂect or rotate agginst a point having
distance equal to 0.2D from base of fou;ldét‘ibn, as sh.own in fig. (IH.2.4 )'. In right side of
foundation ab'ove point of rotation will act passivé soil preésure, meanwhile in leﬁ sidev
the passive soil pressure will act at below of point of rotation. These éoil pressﬁres cause |
deformat_ion of the foundation ié re_Sis_ted._ Thus, capacify of horizontal,résistance of the
- foundation is equal to the magnitﬁde of ‘resﬁltant of that soiI pressure or the strength of
foundation its self.
To cal(;ulate the magnitude of the hqﬁzontal resistance of fouﬁda;ioh, ;Jve able
to use the problelﬁ described in the chapter II.l3, and for determihe the structural strength
of foundation we can find out as foliows. Let us look at triangle abo and taking moment

about o , we get moment ultimate at body of strip foundation equal to ‘

Mo = 7 dd (Kp -Ka)(0.5dd 0.2dd)(0.2dd 2/3)

Mo = 0.0133 7 dd®. (Kp - Ka)

‘ a.3. Vertical Stability

A cutoff functioned as foundation may be assumed as deep strip foundation. A -
case of a deep strip foundation the p(;tential surface of sliding for fairly isotropic soill
mass may be assu;me'd to be a logarithmic spiral starting under the foundation and ending

with a vertical tangent, as described in chapter I1.3. -
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| The bverburde_n pressufe oo’ is assumed to '.act at the _base,.levell bf the footing.
Witﬁ the cpnservative assumption that the‘m.ass of soil within the logarithmic spiral 15
.weightless, Zeevaert (1983) anaiyzed the limiting-plastic eqﬁilibrium condition and
obtain the values of the bearing ca_pécity factor. Nc¢ and Nq which are given in Table

(I1.3.1). The ultimate bearing capacity for a deép footing may be written as:
qf>=s [Ct Nc+c0’] (Id+0.1)

where s= shape factor

= 0.1 for strip and 1.2 for square and circular footing, and (Id+0.1)=1 for dense

state.

The skin friction, according with the total bearing capacity of strip deep
foundation , must be added to the equation (II.2.21). The skin friction_ is the ultimate
adhesion Ca between the clay and the pile.shaﬁ (concrete, steel etc.), which is generally

related to the undrained shear strength Ct as stated in chapter 1.3

fS = Ca = (Ct)av
Where o = adhesion factor

Ct av = average undrained cohesion over pile shaft.
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f
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ﬁfs
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—ry

Fig, (I11.2.8) Bearing and
Skin Friction Resistance

The adhesion factor depend on the type of the clay, the method of i.nstallation. and
the pile material. The appropriate value of o is obtained from the results of load tests.
For driven piles, the value of a range on the average roughly from unity for soft clay to
0.5 or less for stiff clay, while for bored piles in stiff clay Q is roughly from 0.3 to 0.5.
In the presenf study, the following values of o from chapter -11.3 will be adopted for
preliminary design purpose: | |

d= 0.4 for Ct= 100 kPa
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b. Structural 'Ana'l);sis for Preliminary Design

b.1. betermination of Uplift Pressure -

In order to determine uplift preséure acting on the floor, the percentage pressure at
upstream and downstream sheet pile lines are worked out. The pressur'e distribution
from upstream sheet pile line to downstream sheet pile Iiﬁe is assumed to be linear.

(i) Percentage (%) Pressure at Ups't'rea‘m Sheet Pile. ‘

For known value of b (distance between u/s and d/s éheet pile) and du (depth of u/s
sheet pile), 1/ot=du/b.‘Having knéwn o, read out values of ¢D and ¢E from Khoéla’s
- chz;rt

e % pressure at the bottom of sheet piie ¢D1 = 100-¢D

o % pressure at the bottom of ﬂoér ¢C1 = ]QO-(I)E

(ii) Percentage (%) Pressure at Downstream Sheet Pile

For known value of; b and dd (depth of‘ d/s sheet pile), l,/d=dd/b, read out values of ¢E
and ¢D corresponding to 1/ from Khosla chart which wpuld be % pressufe at the

bottom of floor and the bottom of sheet pile respectively. For this purpose, this chart was

included in the program, so we not require read out from chart.

-Correction due to floor thickness .

The thickness of the floor at the location of the sheet piles are tentatively assumed

for correcting the values of ¢ C1 in the upstream and ¢E in the downstream. If tf is the

floor thickness ,the upstream - correction 'dUe to floor thickness = tf/du (¢D1-¢CT)

B . positive and for downstream = tf/dd (¢E-¢D) negaﬁve.
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o
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Fig.(111.2.9 ) Uplift Pressure at Key Points

Corf‘ection for Mutual Inteﬁefence of Pile |

Let C be the correction to be applied as pefcentage of head, b = the distance
between the two pile lines, and Dé isl the depth of lthe pile line the influence of whicﬁ
has to be determined on the neigﬁboring pile of depth d. Dp is to be measured below the
~ level at which interference is desired, d the depth of pile on wilich thé effect is to be’

determined and bt = total floor length. Theﬁ ‘

d+Dp) [Dp °
C=19 — 111.2.4
( . bt ) b ( )
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This correction are positive for points in the rear of back water and subtractive for points

forward in the direction of flow. -

Correction for the Slope of Floor
A suitable percentage correction is to be applied for a sloping floor, the correction
‘being plué fé_r down and minus for the up slopes following the direction of flow. The

values of the correction are given in Table (IIT.3.2) below

Table. (IXL.2.2) [ref.3]

Slope . _ Correction % of pressure
Vertical : Horizontal * -
lin 1 | 112
lin 2 o 6.5
lin 3 45
lin 4 : 33
lin 5 ' . 238
lin 6 . '2;5
lin 7 2.3.
lin 8 - 1.0
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5.2._ Internal Forces Calcuiiatio_n

- Strip Foundation

"W

’___gbal H{L.:"bs | bdl __Jr

. Rh | ‘ L e—— e e
TRu‘ S T o | | T Rh
p— Xu — ‘ bxu —Rd
¢Ru B _ .' ’,¢Rd

——pRh - T Rh—Tp
A | o - Msd
D b
o | o ' <—Rhd

<4——Rhu

~TRu{ - R o T_Rd'{ .

Fig. (111.2.10) Eguilib'riu-m of Forces Actinz on The
" Barrage with Floating Floor and Ribbed Foundation

Now, let us determine the internal forces a;id reaction of foundation of the barrage

due to external loads and uplift pressuré. We assume that the floating floor and the girder
are supported on two hinges and horizontal reaction of these supp'ort are equal. Thus, we

can find out the problem is statically: determinate. Taking equilibrium of forces in '

horizontal direction we get horizontal reaction of foundation at upstream and

downstream (Rh) equal to 0.5 H, and equilibrium;momentls about ends of downstream -

and upstream , we get vertical reaction as follow: -
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Ru = (W(0.5bul+bs+bd1) + P(0.5b+0.5td) + M + Rh d = Ub-ux)-H(Hw/3 + d)) / (b+1d)
| (I11.2.5)

Rd = (W(0.5bul) + Pt(0.5b+0.5td) - M + Rh d — U(ux)-HHW/3 + d)) / (b+td)
| (IIL.2.6)

 Ru = vertical reaction of upstream foundation
Rd = vertical reaction of downstream foimdétidn_

(cut off thickness at upstream and down stream are taken equal to td)

- Girder

To determine uplift pressure at point F , we may assume that the uplift
“distribution from upstream sheet pile line to downstream sheet pile line is linear. We
consider pointA F having distance x equal‘to bd , as shown in fig. (II1.2.11) as basic

calculation for dimensioning of girder. Taking moments about point F to find out critical

forces in the girder, we get

2
,Mf=Rdx+(PF-PE)_%—?—+PE%—O.5WX2

If we put x=bd, then

bd?  bd? ,
M = Rd x + (BF - PE) = —+ PE = ——0.5w bd .2.7)
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Mmin=. ¢ | PF.B?

and

Smax= 06 ppp
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respectively, where PF is uplift pressure at point F (toe of glacis) per metre run

perpendicular to the plane of paper and B is net length of bays.

o~

watre pressure PF

Fig. (I11.2.12b) Continues Beam
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Mmin=-0.1 PF B"/

Fig. (I11.2.12¢) Bending Moment

06PFB = 0.5PF B

Mmid =0.025 PF B2 Mmax = 0,08 PF B2

- 04PF B

0.5PF B . 0.6PF B

Fig, (111.2.12d) .Shear Fonjce
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- Strip Deép Foundatio;i :

To determine forces acting on the body of strip foundation we use eq. (11.3.20).
This moment is calculated based upon maximum soil resistance, thus moment ultimate of

- strip foundation structure per metre is equal to

Mu = 0.0133 7 Df* (Kp -Ka) .

and shear ultimate force per metre is equal to _maximuin horizontal resistance Hgq.

T

| ¥ Df (Kp-Ka)

!

(II1.2.13) Horizontal force
acting perpendicular to the
plane of strip foundation
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i Soil pressure t/m

Fig. (111.2.14 Vertical force

acting in the plane of Strip
foundation

“®  For thig preliminary design, it ig assumed that al] girder loads are same and goif

bressure distributiop Is constant along the foundation,
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e The foundation is assumed as continues beam supported by some hinges supports.
Thus, we can appiy' formu]aé given in .eq.(III.2.8) and eq.(I1.2.9) with replacing

water pressure by soil pressure.

b.3. Designv of Reinforéement '(Ultimatc; Stfgng;h)

In the design of reinforcement , thg séctioﬁ of the structure like floor, girder and
strip foundation, 'may be assumed as rectangular ;x"fith thickness or deptﬁ (d) equal to tf
D and td respectively. The width of the floor and strip foundation are taken equal to 1 m
and tr for girder . Rectangular sectidn Witﬁ tension rqinfdrcement only, can fail in one
of the three principal mode. With a low b@rcentage of reinforcement the failure will
initiated by yielding of reinforcement and vclollapse will take place with the fracture of
reinf‘orcement. The second mode of failurg, wheﬁ the sectiqn is\not grosély under
-reinforcement initiated by the yielding of reinforcemeng, consequently t‘he neutral axis
shifts upward and the final collapse is associated with crushing of concrete. The third
mode of failure occurs when tﬁe steel ratioy is high, in this case the concrete reaches the
ultimate capacity before the steel start yielding. The ’secon'd mode failure .is gradual one
and give ample warning while the third mode leads to sudden collapse. Therefore,
-member should be so dimensione;d that failure, should‘it take place, will occur in the
second mode and this can be énsured by setting an upper limit to deptﬁ of the

compression zone. The code limit the depth of compressive stress block to 0.43 times the

effective depth.
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Referring to Fig (T11.2.15), and equating the longitudinal forces :

C=T

0.55 ctcu b a=o0s5y Ast

osy Ast

= . (11IL.2.10)
0.55ccu b :
0.55c¢0u
_ —
F F 0.5a
a max=0.43d1 —C
’ @ jd1=d1-0.5a
Ast
1 oo j—dz Ry e G mm wms Smm|-————- -——&T
b ‘
section Stress distribution

Fig. (111.2.15) Singly Remforced Rectangular

Section (Balance Design)

The lever arm of the resisting momerit is given by:

jdl=d1-2
2

jd1 = di-

"~ Ast osy

1.1 ocu b



The ultimate moment of resistance of the section is given by:
. ! L .

e Interm of tensile force in steel:

Mu = Ast osy(dl-A—Sto—sLj @211y
: 1.1ocu b

e Interm of compressive force in concrete:

Mu = 0.550cu b a(dl-%) (111.2.12)
- The maximum value of a , according to the Code, should be 0.43*d1. Substituting this

value ofa in eq.(IT1.2.10) and rearranging, we get:

43
Mu = 0.55 0.43 [l-g;—-jocub dr?
' (I11.2.13)

Mu =0.185 ocu b d1*
Equating the ultimate moments of resistance in terms of concrete and steel we get an

. expression for the area of steel under balance conditions:

0.185ocub dI* = Ast osy (dl - %)

' 111.2.14
Ast=02368 T2 b d] ( )
osy

If the size of the section is restricted, it may happen that the concrete cannot
develop the necessary compressive force required to resist the given bending moment. In
this case, reinforcement is provided in the compression zone, resulting in a doubly

reinforced section i.e one with the compression as well as tension reinforcement. This
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case occurs when it necessary to obtain a greater ultimate moment than that given by the

eq. (I11.2.13).

0.55ccu
—
S =] TR [coocco-—l Eee—cs
. Asc | amax=0.43d1 4— Cc
d ds | di - ds
Ast . -
1 ]:dz-J— NN BN NS EeE, NS P - = #T
l b ' - ~ Stress
. - . distribution
section

Fig, (11.2.16) Doubly Reinforcement Rectangular
Section _

The depth of concrete block is limited to 0.43 d1 and the maximum moment

resisted by the concrete is 0.185*ccu*b*d172. Referring to Fig. (I1.2.16), the internal

moment is composed of two parts:

Mu =0.185 ocu b dI* +osc Asc ds (I1.2.15)

where  Asc=area of stéel in compression,
ds= distance between centroid of tension steel and compression steel,
OSC= stress in compression steél.
The stress in compression steel osc i's;taken equal to the yield stress for mild steel
" reinforcement and equal to 3700 kg/cm2 for high étféngth with either the yield stress or

0.2 % proof stress equal to 4250 kg/cm2, [ref. 9]
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1IL3. DEVELOPING COMPUTER PROGRAMS

—

a. Circular Sliding Analysis

e General

The CISAN (Circular Sliding Analysis) computer program use C++
language and developed to analyze circqlar sliding problems in plain soil when it is
subjected to strip distributed load ( triangle | trapezoid or irregular shape with some
modification) with or without seepage uncier ground~ surface, as shown in fig.(I11.3.1a) ..
The loading configuration of stru.ctural weight is assum;ed as shown in fig. (IIL.3.1b). The

soil below the structure is assumed as a homogeneous medium and isotropic.

Hw
| EBEan
— b —— — b ——r o b ——i
(a)

~——C (xc, yo)

Fig. (111.3.1) Input Model for CISAN

92



| o Inpuf bata
The inp'ut data pf’ CISAN consist of structural difnénsion, external Ib_ads, height of
water storage and soil parameters. Aééordihg to fig. (111.3.1) the input data are
1. Coordinate of the centre of éirclé (xa, ya).
2. Width of the base of structure (b) in m.
3. Vertical load of strucfure ‘weight and external loads (P) in ton, acting in the
axis of the base. | | |
4. Moment ec.c_entricity (M)"'li'n ton-m. It is multiplying between vertical load
* with its eccentricity against‘ axis of the base.
5. Height of water storage at upstréém side (Hw) in m, unit Weight is taken 1
ton/m3. |
6. Soil parameters
e Cohesion (ci) for clay soil (ton/m2),
e Angle of internal friction (p) in degree for granular or cohesionless
soil. |

e Unit wéight of soil (Gs) in ton/m3 (use saturated condition).

To entry the input data we use (in this case) C++ editor as shown in example below

float xa=6,ya=-3;. ‘
float P=120,M=200,b=10,Hw=10;
float ci=0,p=30,Gs=2.1;

float L=b/2;
float r2=(L+xa)*(L+xa)+(ya*ya);
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fioat AB=(L+xa)*2;
floaf R=sqgrt (r2); .-
float t=asin(.5*AB/R);
float ch=ci*2*t*R;
float OB=R*sin (t)+xa;
float po=p*3.14159/180;

¢ Determine Uplift Force Along Slip Circle Line

-The uplift force acting along slip circle line is determined separately with the
normal force due to soil weight or exterﬁal loads. The ¢’ having values ranging from -
fo 0 are divided into 20 parts with the incrgment A(k) of 0.157, so we have 20 curves of
equipotential lines along the slip circle line. To generate those curves we use ‘ array’ and

_‘for’ loop, as shown below |

//cout<<"WATER PRESSURE AND FORCES ALONG THE CIRCLE
LINE"<<endl;

float AOX[lO],X[lO],Apr[lO],Adg[g],Aax[Q],ij[9],
Asx[9],Afr[9],Ajpx[9];

float Aox1{11],x1[11],Aprl1([11],Adx1[10],Afr1[10],
Aax1[10],Ajx1[10],Asx1[10],Ajprl[10];

float Tfr=0,Tfrl=0;

outfile<<"UPLIFT PRESSURE IN THE SLIDING LINE (-X
REGION) "<<endl; '

outfile<<"Consindered Points of Preséure"<<endl;
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outfile<<" X Yy phi’

prs"<<endl;

for (int ko=0;ko<8; ) _
for(float g=-2.983;qg<-1.57;q+=.157)

for (float xc=-500*b;xc<0;xc++)

float L=b/2;

float xcl=xc/1000;

float r2=(L+xa)* (L+xa)+ (ya*ya)
‘float ry=r2-(xcl-xa)* (xcl-xa); .

float y=sqrt(ry)+ya;

float a=cos(q)*cos(q):;
float bl=sin(q)*sin(q):
float c=(y*y)/(L*L*bl)f
float x2=(c+l)*L*L*a; .
float x=-sqrt(x2):
float pr=y—q*Hw/3.14;‘
Apr[kol=pr;

if (x<=xcl)

{

Aox [ko]l=x;

cout<<setw (12)<<x<<setw(12)<<y<<setw (12)<<g<<setw (12)<<pr<<

endl;

ko++;

outfile<<setw(10)<<x<<setw (10)<<y<<setw(10)<<g<<setw (10)<<p

r<<endl;
break;
}
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outfile<<"\n dx o ds. pm "’ Fr=ds*pm. Tot.Fr

"<<endl;

for (ko=0; ko<8; ko++)

{
Adx [ko] =Rox [ko+1]-Box [ko]; //dx
ij[ko]=.5*(on[ko+1]+on[ko]);//(x1+x2)/2,
Aax[ko]=asin((ij[ko]—xa)/R);//alpha

" Asx[ko]l=Adx{ko]/cos (Rax[kol);//ds
Ajpr[ko]=0.5*(Apr[ko+1]+Aprfko]);//avr. pressure
Afr[ko]=Asx[ko]*Ajpr[ko];//forces '

Tfr+=Afr[ko]l;//total forces

outfile<<setw(10)<<Adx[ko]<<setw (10)<<Aax[ko]<<setw(10)<<As

X [ko]
<<setw (10)<<Ajprlkol<<setw(10)<<Afr[ko]<<setw(10)<<Tfr<<end

1; .

outfile<<“ UPLIFT PRESSURE'IN THE SLIDING LINE (+X REGION)
"<<endl; » . | '
outfile<<"Consindered Points of Pressure"<<endl;
outfile<<" X _ \Y% | , phi’

prs"<<endl;

for (int k1=0;k1<10; )

96



for (float g3=-1.57;93<-.157;gq3+=0.157)
for (xc2=0;xc2<=1000%0B; Xc2++)

float Ll1=b/2;

float xc3=xc2/1000;

float r12:(L1+xa)*(L1+ga) (ya*ya),
float ryl=rl2- (xc3 xa)*(ch xa),

float yl=sqgrt(ryl)+ya;

float a1=cds(q3)*cos(q3);
float b2=sin(g3)*sin(g3);
float cl=(yl*yl)/(L1*L1*b2);
float x12=(cl+1)*L1*Ll*al;
float x1=sqrt(x12);»

float prl=yl-g3*Hw/3.14;
Aprl[kl]=pri; ”

if (x1<=xc3)

{ v
Rox1[kl]=x1;

cout<<setw(12)<<xl<<setw(12)<<y1<<setw(12 <<#3<<setw (12)<<p

rl<<endl;
kl++;

outflle<<setw(10)<<xl<<setw(10)<<y1<<setw(10)<<q3<<setw(10)

<<prl<<endl;
break;
}
}

'outfile<<"\n dx o ds pm; ‘Fr=ds*pm. Tot.Fr"<<endl;
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for(kl=0;k1<9;kl++)

{
Adx1[kl]=RAox1l[kl+1]-Aox1([kl];//dx

Ajx1[kl]=.5* (Rox1[k1+1]+Aox1[k1]);// (x1+x2) /2
Aaxl[k1]=asin((ijl[kl]—xa)/R);//alpha
Asx1[k1]=Adx1[k1]/cos (Aax1[k1]);//ds

Ajprl[k11=0.5* (Aprl[k1+1]1+Aprl{kl]);//avr. pressure’
Afrl[kl];Asxl[kl]*Ajprl[kll;//forces '
Tfrl+=Afrl[kl];//total‘forces

cout<<setw(12)<<Adxl[kl]l<<setw(1l2)<<Aaxl[kl]<<setw(1l2)<<Asx

1L{k1l] .
<<setw (12)<<Ajprl(lkil] <<setw(12)4<<Af'rl [kl1]<<setw (12)<<Tfri<<

endl;

outfile<<setw(10)<<Adxl[kl]l<<setw(10)<<Aaxl[kl]<<setw(1lO0)
<<Asx1l[kl]<<setw(10)<<Ajprl ['kl] <<setw (10) §<Afr1 (k1]
<<setw(10)<<Tfri<<endl;

}
e The Normal Force due to Soil Weight

The mass of soil in the slfp circle line is divided into many slice, every slice has .
- width of i m. The number of slices and accilracy of computation depend on the value

of 1, smaller i give more number of slices and accurate result. The normal force due to
total weight of soil in the circle line must be subtracted by total uplift force acting in the

slip circle line to achieve effective force in that line.

outfile<<"SOIL IN THE SLIDING LINE"<<endl;
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outfi1e<<ﬂ‘x y ap A wo=y*i*Gs T=wo*Ccos

ap"<<endl;
for (xsl=- (L-.5%1) ;xs1<=(OB—.5%1) ;xsl+=1)
A
float ap=asin((xsl—xa)/R);
float rys=r2—(xsl—xa)*(xsl—xa);
float ysl=sqgrt (rys) +ya; - .

float wo=(ys1*i)*Gs;
float T=(wo)*cos(ap)://+ch;//shear reistance

Sumo+=wo;

sumsr+=T;

cout<<setw(1l2)<<xsl<<setw(1l2)<<ysl<<setw(12)<<ap<<setw(12)<

<wO

<<setw(12)<<T<<endl; -

outfile<<setw(10)<<xsl<<§etw(10)<<ysl<<setw(10)<<ap<<setw(l

0)
<<wo<<setw (10)<<T<<endl; }

e The Driving Load

The driving load , in this case , net stress on the ground surfacé, is divided into

slices for which the width of slice same as soil slice (i).

outfile<<"DRIVING LOADS"<<endil:;
outfile<<" x y ab . . apl " T=wnl*cos apl

"<<endl:;
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fdr(float,is3=—(;—.5*i);xs3<=(L—.5*i);x53f=i)
{ o
float ry83=r2—(x33—xa)*(xé3—xa);

float ys3=sgrt({rys3)+ya;

float apl=asin|((xs3-xa)/R) ;.

float wo=P/b; ,
float Mo= (Hw*Hw*Hw)/6;//moment due to u/s water pressure

float I=8*L*L*L/12;//inertia of foundation
float kl=(Mo-M)/I; -

float wl=klfxs3+wo;//distributed load
float w2=(wl*i); ' '

float u=-(0.5*Hw/L) *xs3+0.5*Hw; -

float ul=(u*i);

float wn=w2-ul;//net distributed load on ground surface

float nl=fabs((-k1*L+wo)-Hw) ;

float wno=wl-u; o

float ml=(b*b)/ ((bt+tys3)* (b+ys3)); -

float xabs=fabs(-L-xs3); .

float m2=(xabs+0.5*ys3)/xabs; :

float nx=(wno-nl)*ml*m2+nl* (b/(b+ys3));//net load at slip
cir. ' ' |

float T1=(nx*i)*cos(ap1);//nofmél forces

float Mw=(xs3-xa)*wn;//moment due to structure

sumMw+=Mw ;
sumsr1+=Tl;v
sumul+=ul;
cout<<setw(12)<<xs3<<setw (12)<<ys3<<setw(12)<<nx<<setw(12)<
<apl
<<setw (1l2)<<Tl<<endl;
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outfile<<setw(10)<<xs3<<sétW(lO)<<y53<<setw(10)<<nx<<setw(1
0)
<<apl<<setw (10)<<Tl<<endl;

}

e Output Data

Output data of CISAN is provide in text ‘ﬁlle document, it can be read out by MS-.
Word, MS-DOS or Excel. The following are some examples of output. '

Output Explanation

~(B) . CIRCLE OF SLIDING :
+ Central angle (rd): 2.6039088
Radius of circle (m): 11.401754
e Central angle and radius of a trial slip circle are calculated by program, we bnly entry

coordinate of a trial slip circle.

(B). UPLIFT PRESSURE IN THE SLIDING LINE (-X REGION)
Considered Points of Pressure _

(1) (2) (3) (4)

X y 9! p
~4,974594 0.0973 -2.983 9.597301
-4.891706 0.377559 . -2.826 9,377559
-4.739186  0.83065 -2.669  9.33065
~4.501329 1.444097 -2.512 9.444097
-4.152554 2.190077 -2.355 9.690076
-3.670679 3.042387 -2.198 10.042386

-3.03063 3.961257 -2.041 10.461256
~2.213707 4.908643 -1.884 10.908642

-1.204251 5.837555 -1.727 11.337555
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e Column no. (1) z;nd (2) show coordinates of considered points which the pressure at

that points will be determined.

- Column no.'(3) contains of constants of equipoteﬁtial lines, its values are given by
program. There are twenty constants having values ranging from -7 to 0. For ¢’=-m,
-n/2 and O, the curves will be straight lines at x;pstream side, at the middle and .

_perpendicular to the base of structure and at downstream side respéctively. They are

not be appeared in the outptit data.

(C) . UPLIFT FORCES

(1) (2) (3) (4) . (5) (6)
dx o ds. . pm Fr=ds*pm Tot.Fr

.292125 9.49743 2.771514 2.771514

0.082888 -1.283102 O

0.152519 -1.248711 0.481824 9.354105 4.507033 7.278547
0.237857 -1.1984 0.653725 9.387373 6.136764 13.41531
0.348776 -1.133105 0.822877 9.567086 7.872533 21.287844
0.481874 -1.053797 0.974914 9.866231 9.618726 30.90657
0.640049 -0.961597 1.118555 10.251822 11.467231 42.373802
0.816923 -0.857508 1.248499 10.684949 13.340144 55.713947
1 1.370073 11.123098 15.23946 70.953407

.009456 -0.742487

Column no.
(1) is horizontal distance between two considered points. |
(2) is angle of slice base inclination. |
(3) is incline length of slice base.
(4) is average uplift pressure’bet_we,eﬁ two adjacenf equipofgntial lines.
(5) is uplift forces at the middle of tWo adjacent equipotential lines.

(6) is accumulative uplift forces.
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(D). SOIL IN THE SLIDING LINE

(1
X

Column no.
)
3)
©)
)

)

.75
.25
.75
.25
.75
.25
.75
.25

(2)
y

.993746
.910795
.666146
.310096
.870038
.362864
.799858

GO s WNREO

(E) . DRIVING LOADS

(1
X

_Ot
-0.

)

.75
.25
.75
.25
.15
.25
.75
.25

75
25

(2)
Yy

0.799671
1.99374¢6
2.910795
3.666146
4.310096
4.870038
5.362864
5.799858
6.188988
6.536116

(3).
o

.799671 -1.231044
-1.117445
-1.025805.
~-0.946336
-0.874816
-0.808965
-0.747381
-0.689131

is weight of soil in the slice.

(3)
ab

.038114
.063694
.071998

.085904
.096919
4.11156
4.129982
4.152226
4.178303

[T S N - TN N

W WwWwho

.078046

(4)

wo=y*1*Gs

~093433
.056335
.849453

4.5256
- 5.11354

5.631008
6.089851

is angle of slice base inclination.

shear force resistance in the slice base

(4)

apl T=wnl*cos apl

~1.231044
-1.117445
-1.025805
~0.946336
~0.874816
-0.808965
-0.747381
~0.689131
~0.633556
~0.580164

.839655 -

(3)

T=wo*Cos o

0.279818
0.916883
1.584438

2.25062
2.901534
3.529611
4.130185
4.700139

and (2) show coordinates of the middle of slices base.

(3)

0.672857

0.88991 . -

1.055484
'1.192134
1.309814
1.413945
1.507856
1.593757
1.673197
1.747309
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Column no.
(D and (2) show coordinates of the middle of slices base.

(2)  is angle of slice base inclination.
(3)  distributed load due to external load at the slice base.

4) additional shear force at the slice base.

(F) . STABILITY

Uplift Force (t): 50 :

Weight of Soil(t): 286.996582

Normal Forces due to Weight of Soil(t): 251.432617
Normal Forces due to Weight of Soil(t): 33.867336
Total water force at the circle line(t): 244.480011
. Total Normal force at the circle . line(t): 285.299957
. Effective force (t): 40.819946 '

Shear resistance due to soil cohesion (t/m2): O

. Total Shear Resistance(t): 23.567381

Resisting moment (tm): 268.709503

Driving moment (tm): 370.125

Safety factor of Circular sliding: 0.725997

. b. Structural Design of Barrage

¢ General

The SDOB (Struétural Design of Barrage) computer program use C++ language
and developed to carry out structural design of barrage with floating floor and ribbed
foundation. This program is useful for preliminary deéign only. The loads considered in

this analysis are in the construction stage and ponding condition without earthquake.
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. Input‘ Data

. The input data of SDOB consist of structural dimension, external loads, height of

water storage and soil parameters. The input data are

I.

2.

Dimension of structure fig.(IT1.3.3) in m
Vertical external loads due to _bridge ~4and appurtenant structufe (P) in ton,
acting in the ‘mi‘ddle of the‘piver. |
Moment external loads due to b}idge and appurtenant sfructure M) in toh-m,
acting in the middle of the pier.
Height of Water sto.ragé'alt,' upstream side (Hw) in m, unit weight ié taken 1
ton/m3. |
Soil parameters

e Cohesion (ci) for clay soil (ton/m2).

e Angle of internal friction (p) in degree for grar.lular of cohesionless

soil. |

e Unit weight of soil (Gs) in ton/m3 (use submerged condition).

To entry the input data we use (in this case) C++ editor as shown in example below

float a=10,bs=13.5,bu=27.5,bd=28,B=15, dd=6,du=6.5,D=4,

Hw=3.5,d=4.5,tf=0.8,tr=2.5, td=1;

float P=265,Mec=0;

long p=15;

float c=10, f=4,Gs=.9;
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bd

bul
= |
' i
girder, tr
D -
/glrder, tr
d —
du cutoffstrip clope] + 3 floating floor, tf D
foundation
cutoff/strip dd
4 foundation
1 L
td b | td

Fig. (IT1.3.3) Structural Dimension Input Data

e Determine Uplift Pressure

The uplift pressure at key points is determined by means of Khosla chart. This
chart has been included in the program, thus, we only input the depth of cutoff at
upstream and down stream. The uplift distribution along the base of structure is assumed

to be linear. Corrections for pressure at key points due to floor thickness and interference

of sheet piles are carried out.

outfile<<"\nPRESSURE AT THE UPST.REAM CUTOFF"<<endl;
float h=Hw+d;

float b;bu+bs+bd—2*td;

float bt=b+2*td;

-float afq=dﬁ/bt;

float LD=.5% (1+sqrt (1+ (bt/du)* (bt/du))) ;
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' float PD=acos ((LD-1)/LD)/3.1416;

float PD1=(1-PD) ;"

outfile<<" -Alfa factor: "<<afu<<endl;
outfile<<k™ —Pressure at bottom of cutoff (%):
"<<PD1*100<<endl;

float PDu=(1-PD) *h;
outfile<<"' —Preséure at bottom of cutdff (m) :
"<<PDu<<endl;

float LE=.5* (1+sqrt (1+(bt/du)* (bt/du)));

float PE=acos ((LE-2)/LE)/3.1416;

float PE1=1-PE;

outfile<<" -Pressure at the corner‘ ($): "<<PE1*100<<endl;
float Cd=(PD1-PE1)*100*tf/du;"

outfile<<" -Correction depth (%): "<<Cd<<endl;
float k=du-tf;

float K=d-tf+dd;

float Ci=19*sqrt(K/b)*(k+K)/bt;

float PEc=PE1*100+Cd+Ci; |

float PEu=PEc*h*,01;

outfile<<" —Cofrection for'ihterference of d/é cutoff (%) :
"<<Ci<<endl; |
outfile<<" —Correqted pressure at the corner (%):
"<<PEc<<endl;
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outfile<<" -Pressure at the corner (m): "<<PEu<<endl;

outfile<<" -Correction depth (%): "<<Cdl<<endl;

e Bearing Capacity of Foundation

To analyze the bearing capacity of foundation use Zeevaert formula for 'deep

- foundation. All soil parameters in that formula was installed in the program.

//Bearing capacity

outfile<<"\nDESIGN OF FOUNDATION"<<endl;:

switch (p)

{

case O:
Nc=5.7;

Ng=1.0;
break;

case 5:-
Nc=7.8;

Ng=2.7;
break;

case 10:
Nc=10.5;
Ng=2.7;
break;

case 15:
Nc=15;

Ng=4.8;
break;
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case 20:
Nc=24;
Ng=8.1;
break;

case 25:
Nc=40;
Ng=15;
break;

case 30:
Nc=70;
Ng=30;
break;

case 35:
Nc=140;

Ng=65;
break;

case 40:
Nc=300;
Ng=150;

break;

}
float gf=(td* (10*Nc+ (dd*Gs*Nq) * (0.4+0.1) )+2*f*dd) *B;

float gfl=(td* (10*Nc+ (du*Gs*Nq) * (0.4+0.1))+2*f*du) *B;

¢ Design of Reinforcement.

The ultimate design method of rectangular. concrete section _(accbrding to IS code) is -
"used here. In the désign for preliminary purpose, the sections are doubly reinforced, the

area of steel in compression zone equal to the area of steel in tension zone. The program
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will generate the moment ultimate of a section according to number of bar reinforcement

started from 2 bars and then stopped if this moment exceed 1.5 times working moment.

cout<<"\nDESIGN OF REINFORCEMENT"<<endl;

for (int i=2;i1<=100;i++)

{ .
float As=i*0.25*3.14*2.5*2.5;//steel area

tension=compression
float ac=RAs*3700/(0.55*300*1*100);//concrete block
diagram
float Mc=.55*300*l*100*ac*(lOO*tf—lO—éc*O}S))*O.QOOOl;
//concrete | .
float Ms=3700*As* (100*tf-20)*0.00001;//steel
float Mu=Mc+Ms;//ultimate floor '
int Amax=(.236*300*%1*100* (100*tf-10)/3700)/4.9;
if (Mu>=1.5*Mx)
{

cout<<"\nFloor: no. of bars per m: "<<i<<endl;

cout<<" Moment ultimate per m: "<<Mu<<endl;
cout<«<" " Max. no. of bars per m:
"<<Amax<<endl;

outfile<<"\nFloor: no. of bars per m: "<<i<<endl;

outfile<<" Moment ultimate per m:
"<<Mu<<endl; '
outfile<«" Max. no. of bars per m:
"<<Amax<<endl; ' .
break;
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e OQutput Data

The following are sample of output data of SDOB. For detail program we can see

appendix,

PRESSURE AT THE UPSTREAM CUTOFF
-Alfa factor: 0.099237 N
-Pressure at bottdm of cutoff (%f: 80.616486
-Pressure at bottom of cutoff (m): 6.449319
-Pressure at the corner (%): 72.127159
-Correction depth (%): 1.306051

—Correqtion for interference of.d/s cutoff (%): 1.676391
—-Corrected pressure at the corner (%f: 75.108596

-Pressure at the corner (m): 6.008768

A‘PRESSURE AT THE DOWNSTREAM CUTOFF

-Alfa factor: 0.091603

-Pressure at bottom of cutoff (%3): 18.673073
—Pressure at bottom of cutoff (m): 1.493846

~Pressure at the corner {%); 26.816732

~Correction depth (%): —1.357276

—-Correction for interference of'u/s cutoff: -0.217557
-Corrected pressure at the corner: 25.241898

-Pressure at the corner (m)ﬁ 2.019352
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Chapter IV : :

APLICATION OF PROGRAM

IV.1. PRELIMINARY STRUCTURAL DESIGN OF BARRAGE

(AN ]LLUSTRATIVE EXAMPIQ

An example of design of barrage described in ‘Theory and Design of In'igatidn

Structures’ vol. IT by Varshney-Gupta-Gupta was taken for the purpose of making

comparative study between Gravity Floor systém and Floating Floérb and Ribbéd
~ Foundation system. The example of a barrage with' gravity floor systerﬁ has structural
data described in the fig. (IV. la) and in ﬂg (IV 1b) is the barrage with ﬂoatlng floor and
ribbed foundation , they have same dimension except in floor and cutoff thlckness The

example in that figure shows typical cross section of undersluice bays.

Loading Condition

For preliminary design purpose, some aséumption for extema] loading have been

considered as follows: .

e Total Vertic;al loads due to l1‘5 m span of bridge is'taken‘equal to 180 ton.

e QGate loads (inclusivle supporting sf;"uctures) is 85 ton.

e Moment and horizontal loads dueAto live loads ﬁot considered.

e Hydrodynamic loads and Hydrostatic .loéds due to differentf'al level of flow
between adjacent bays not considered.

e Earthquake not considered.
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u/s

DIS

4295

275

——

r [
27.5m o 135me . 28m

Fig. (IV.1a) Bai'ralge with Gravity Floor
(taken from: Theory and Design of Irrigation. .
Structure, book IT by Varshney-Gupta-Gupta)

. bu=27.5m I .4bs=13.5m : i bd=28.0m |
I J L |
. a=10.0m )
. | -
tr=25m —
c=4.0m]7 : .
D=4.0m 7 ‘ o
' D=4.0m
- du=6.5m
dd=6.0m
H iy
. td=1.0m b=67.0m

td=1.0m

Fig. (IV.1b ) Barrage with Floating Floor and
Ribbed Foundation -
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5 - Input Data

structure din;ens-io'n

To entry input data we refer to ﬁ g. (TV.1b)

e Length of upstream floor bu = 27.5m,

e Length of downstream floor bd = 28 m.

e Horizontal length of glacis bs=13.5 m.

¢ Cutoff thickness upstream and downstream was taken equal to td=1m.
° The net length between cutoff b=67 m..

e Depth of upstream cutoff du = 6.5 m |

o. Depth of downstream cutoff dd =6 m.

e Depth of girder D=4 m.

e Thickness of girder and pier tr =2 Sm

e Width top of pier a= 10 m.

o Difference level between upstre;mi and downstream floor d=4.5m.
s Floating floor tﬁickness t.f = OSm

Loads

e Vertical load P =265 ton

o Moment M = 0

Soil Parameters
e Unit weight Gs =0.9t/m3 (submerged).
e (Cohesion Ct=10 t/m2.

e Angle of internal friction ¢ =15 |
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° Outplit Data
.. DESIGN OF FLOATING FLOOR AND RIBBED FOUNDATION OF THE

~ BARRAGE
by JUNAEDI 25072000

'~ DIMENSION AND PARAMETERS ‘ o

-External Vertical Load (P in ton):.265
-External Moment,(Mec in t-m): 0

-Floor thickness (tf in m)ﬁ 0.8

-Depth of u/s cﬁtoff (du in m): 6.5

~Cutoff thickness (td in m): 1

' _Depth of d/s cutoff (dd in m): 6

—-Depth of girder (D in m): 4

-Girder/ Pier thickness (tr in m): 2.5

-Length top of pier (a in m)f 19

-Pier. height (¢ in m): 4 o

~Deference level between u/s and d/s (d in m): 4.5
-Depth of water an u/s: 3.5 | |
-Width of bays (B in m): 15.

-Length of u/s floor (bu in'm): 27.5'

-Length of glacis (horizontal) “(bs in m): 13.5
-Length of d/s floor (bd in m): 28 B
~-Unit weight of soil (Gs t/m3): 0.9

-Skin friction of soil (f t/m2): 4

-Internal friction angle of soil (p deg): 15

PRESSURE AT THE UPSTREAM-CUTOFF.
-Alfa factor: 0.094203 o |
~Pressure at bottom of cutoff (%);'81;081055
-Pressure at bottom of cutoff (m): 6.486485

-Pressure at the corner (%): 72.818268
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| ~Correction dépth (%): 1.016959 |
' —Correction for interference of d/s cutoff (8): 1.613518
—Corrected pressure at the corner (%): 75.448746

—-Pressure at the corner. (m): 6.0359

PRESSURE AT THE DOWNSTREAM CUTOEF

- —~Alfa factor: 0.086957 N
—Pressure at bottom of cutoff (%):' 18.222948
;Pressure at bottom of cutoff (m): 1.457836

~ —Pressure at the corner (%): 26.149818
-Correction depth (%): ~1.056916 _
-Correction for interference of u/s cutoff: -0.235851
-Corrected pressure at the corner: 24.857052 . '

~Pressure at the corner {(m): 1.988564

The Loads ,
—-External Vertical ILoad (ton): 265
-External Moment (toﬁ—m):'O '_
-Weight of water at u/s side (ton); 1443.75‘
~-Weight of structure at ponding condition (ton): 3232.198
—Weight of structure at no'water condition (ton): 4060.19

~Uplift force (ton): 4203.427246

Upstream foundation _ o
~Reaction at ponding condition (ton): 460.696228
~Reaction at no water condition (ton): 2175.675293

~—Bearing capacity at u/s fdundation (ton) : 3205;5

Downstream foundation , »
~ -Reaction at ponding condition (ton): 282.905334
-Reaction at no Waterjcondition (ton): 2149.523438

-Bearing capacity at d/s foundation_(ton); 3132
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STABILITY ANALYSIS |
'—Horizontal movement safety factor: 1.599294
. —Vertical movement safety factor: 1(396229
—-Overturning moment safety factor against u/s: 1.424717

-Overturning moment safety factor against d/s: 1.206756

STRUbTURAL ANALYSIS
.~ -Moment at Girder (t-m): 6935.697266

-Moment at Floor (t-m): 57.599728 |

-Deflection at Floor (cm): 0.004708 .
" ~Horizontal moment at Foundation/éutoff {(t-m) : 27.502998
~Vertical moment at Foundatipn/éutoff (t-m): 3263.512695

Floor: no. of bars per m: 4
Mcoment ultimate per m: 92.798508

Max. no. of bars per m: 27

Girder: -no. of bars: 77 .
Moment ultimate: 10526.162109

Max. no. of bars: 380

Cutoff '
-: Reinforcement due to Horizontal Load
-no. of bars per m: 2

-Moment ultimate per m: 61.32119‘

-Max. no. of bars per m: 35 .

Reinforcement due to Vertical Load
-no. of bars : 22 : ‘ '
—Moment ultimate per m: 5023.651367

-Max. no. of bars per m: 249
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. Cojnp:irisoh of the res_ulfs

. , Floating Floor
PRESéURE'AT THE U/S CUTOFF .
Alfa factor: 'Q.O94203
Pressure at D1 (%) : 81.081055
Pressure at D1 (m): 6.486485
Pressure at Cl (%) : 72.818268
Correction depth (%): © 1.024698
Correction for interferenéek%):'.1.637246
Corrected pressure at Cl(%)f 75.287994
Pressure at Cl1 (m): 6.023039
PRESSURE AT THE D/S CUTOFF
Alfa factor: | 0.086957
Pressure at D(%): 18.222948
Pressure at D(m): 1.457836
Pressure at C(%): _26.149818
Correction depth (%): ~1.056916
Correction for interference(%): —0;235851
Corrected pressure at C: 24.857052
PreSsﬁre at the corner'(m):'~ 1.988564
FLOOR THICKNESS (in m)
Upstream floor 0.8
Downstream floof, 0;8

CUT OFF / SHEET PILE

reinforced
Concrete
of 100 cm
thickness

Gravity Floor*

0.095
81
6.48
73
1.23
©1.55
75.8
6.06

0.087.
18.000

1.440
27.000
-2.250
-0.120
24.600
'1.970

1.0
2.0 up to 3.25

steel
sheet pile

*) These data are taken from fTheofy and Design of Trrigation Structure’ Vol. TT b‘y

Varshney-Gupta-Gupta.
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DiscuSsing of the Results |

e - The pressure at key points calculated by means of SDOB are practically same
with conventional method. The slighfly differénce-in determination of pressure
correction is caused by the floor thickness that had been assumed.

e By putting the floor thickness equal to 0.8 m having weight 1.12 t/m2 , this
weight is less than minimum uplift p'ressure at downstream (2 t/m2), therefore,
the floor is floating. A ‘

e - The upward deflection of the floor is'_ 0.004713 cm or less than permissible
deflection 1/250 B or 1500/250 or 6 cm. The number of reinforcement bars
are 4¢ 25 mm per m length, meanwhile maximum number of reinforcement are
27¢ 25. |

e By the given dimension of structure, the stability factors of the structure are
greater than 1.2 , the structure is safe. Those factors can be increased by enlarge
dimension of structure, lengthen of upstream floor, for example. It will produce

counter weight in upstream side. S ' ‘
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Chapter V

CONCLUSIONS

In the design of hydraulic structure, stabilify_ of soil base and the structure are
iﬁﬂuenced by uplift pressure. An analyéié of ",.a simple structure resting on clayey soil
shows how the uplift pressure acts belév&}, the foundation and inﬂuepces the stability. of
| the structure. The stability against circulaf slidil‘ng of structure founded on granular soil

(¢ soil) is strongly influenced by pore pressure or uplift pressure along the sliding line,
but in the soil having cohgsion anci fric’gipnal characteristics (C-¢ soil), thé contribution
of friction in the stability is very smalll .comp'ared to cohesion. Thus, in the stability
analysis of structure againsf circular sliding, ‘the frictional part may be ignored. The soil
may be assumed as clayey soil. By putting width of the base equal to Iheight‘ of the
structure (or b= 0.952h respect to the hon'zpntal’ sliding requirement SF = 0.75) , the
safety factor against circular sliding of the structure f’ounded on clayey soil is very high. |
The structure 1s safe.

An analytical method by usin‘g' conformal mapping is adopted to carry out -
~ determination of uplift pressure at any location beldw the structure. If the structure has
simple shape (flat bottom) this method is very useful. - .' | |

In the design of barrages with gravity floor concept, stability of the barrage is
governed by the weighf of the floor. The thickness of gravity floor required, therefore, is -

to be large. The floating floor and ribbed foﬁndation barrage system is a barrage having a

quite thin of floor but structuraliy it has high rigidity , because the floor is stiffed by two
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or more ribs of reinforced concrete wall below the floor and girders in upper side. These

ribs are arranged perpendicular to each other. Thé stability of the structure is dependent

on the rigidity of the structure to transfer the loads (weight of water at upstream side,

weight of the structure and external loads) as counter balance against the uplift force. By
equating equilibrium of that forces, the weight ;)f Stmcmre required can be determined..

The floor is designed as thih as'po'ssiﬁle to resist uplliﬁ pressure , but structurally
the floor must strong enough' to resist the’,.‘ pressure without craqking “and permitted .
camber/deflection in the permissible range The total w-eight of the barrage, therefore,
can be designed as small as possible. Consequently " the problems in the -constAruct‘ion ,
stage can be significantly reduced and time of construction can be speeded up.

Due to the features described abové, the barrage with floating' floor and ribbed
foundation has some advantages :

1.  The system suitable for the alluvial zones which usually bhave low bearing
capacity of séil base.

2. The floor is designed to resist the uplift pressure by its structural strength,
so the floor thickness will be quite thin, t(;tal dimension of structure will
be less and cost of construction can be significantly reduced.

3. Due to light weight and high rigidity of structure, this system is Sliperior
in seismic zones compared to the gravity floor system.

4.  The size being very smzill, the p‘-roblem‘s encountered in construction stage

will be less and construction cgn be ;peeded up .
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APPENDIX

Computer Programs

e Pmin (Weight of Barrage Required Analysis)

#include <iostream.h>
#include <process.h>
#include <conio.h>

#include <math.h>

#include <iomanip.h>
#include <fstream.h>

void main ()

fclrscr();

ofstream outfile ("Pmin. txt")'

o

float b=10,M=0, Hw=5;
outfile<<"Pmin.cpp:Minimum of Structure We1ght"<<endl
outfile<<"Length of floor: "<<b<<endl;

outfile<<"The ExXternal moment: "<<M<<endl;
outfile<<"Height of waterat U/S floor: "<<Hw<<endl

for(float bu=0;bu<=10;bu++)

{

float W=Hw*bu;

float bd=b-bu;

float P=-bu*Hw+0.5*b*Hw; :

float Pu= (M+0.5*b*Hw*3*b/8~-W*0.5*bu-— Hw*Hw*Hw/6)/(O 5*b),
float Pd=(-M+0.5*b*Hw*5%b/8~ :

W* (0.5*bu+bd) +Hw*Hw*Hw/6) / (0. 5*b) ;
cout<<setw(16)<<bu<<setw(15)<<Pu<<setw(15)<<Pd<<setw(15)<<P<
<endl;
outf11e<<setw(16)<<bu<<setw(15)<<Pu<<setw(15)<<Pd<<setw(15)

<P<<endl;

}

getch () ;
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e CISAN (Circula'r Sliding Analysis) N

#include <iostream.h>
#include <process.h>
#include <conio.h>
#include <math.h>
#include <iomanip.h>
#include <fstream.h>
void starline(); '
void main ()

{clrscxr () ;

start:

ofstream outfile ("CISAN.txt");//checked 10/10-2000

float xa=6,ya=-3;
float P=120,M=200,b=10, Hw—lO,
float Gs=2.1,ci=0,p=30;

float gl,s,hl,h2,vy,xn,yn,Gt, x1 xq,qu xq2,xs,xXsl,xs2,
q2,H,xc2; :

.float sumsr=0, sumsr1=0, sumul=0, sumMw=0,
sumo=0;

float i=.5;

//starline();

outfile<<"DATA"<<endl; :
//cout<<"Centre of Circle (xc,yc)"<<endl;

//cout<<"Xa : ";

//cin>>xa;

//cout<<"Ya : ";

//cin>>ya; _

outfile<<" Centre of Circle (xa,ya):"<<xa<<" ,"<<ya<<"
"<<endl; : .
//cout<<"Vertical Load of structure (+ downward, t): v,
//cin>>P; : '

outfile<<"Vertical Load of structure (+ downward, t):
T<<P<<endl; :

//cout<<"Moment Load of structure (+ counter clockwise, tm):

.
4

//cin>>M;

outfile<<" Moment Load of structure (+ counter clockwise,
“tm) ¢ "<<M<<endl; . '
//cout<<"Length of base of structure (m): ";

//c1n>>b, . ~

124



“outfile<<” Length of base of structure (m): "<<b<<endl;

//cout<<"Length of u/s floor of structure (t/m3): ";
//cout<<"Unit weight of 5011 (t/m3): "; R
//cin>>Gs; .

outfile<<" Unit welght of soil (t/m3): "<<Gs<<endl;
//cout<<"Angle of internal. frlctlon of soil (deg): "; .
//cin>>p;

outfile<<" Angle of internal friction of soil (deg):
"<<p<<endl; ' :

//cout<<"Cohesion of soil (t/m2) :
//cin>>ci; '

outfile<<" Cohesion of soil (t/m2): "<<ci<<endl;
//cout<<"Height of water (m): "; '
//cin>>Hw; ‘

outfile<<"” Height of water (m): "<<Hw<<endl;

float L=b/2;

float r2=(L+xa)* (L+xa)+(ya*ya),
float AB=(L+xa)*2;

float R=sqrt(r2):;

float t=asin(.5*AB/R);

float ch=ci*2*t*R;

float OB=R*sin(t)+xa;

float po=p*3.14159/180;

~//I. WATER PRESSURE

~starline(); '
//cout<<"WATER PRESSURE AND FORCES ALONG THE CIRCLE

LINE"<<endl;

CcOout<<"CIRCLE OF SLIDING"<<endl;

cout<<" Central angle {(rd): "<<2*t<<endl;
cout<<"™ Radius of circle (m): "<<R<<endl;

//outfile<<"WATER PRESSURE AND FORCES ALONG THE CIRCLE

LINE"<<endl;

outfile<<"CIRCLE OF SLIDING"<<endl

outfile<<” Central angle (rd): "<<2*t<<endl
outfile<«” Radius of circle (m)=* "<<R<<endl

float ARox[10],x[10],Apr[10],Adx([9], Aax{9] ij[9],
Asx[9],Afr[9],Ajpr(9];

. float onl[ll],xl[ll],Aprl[li],Adxl[lO],Afrl[lO],
' Aax1[10],Ajx1[10],Asx1[10],Ajprl[10];

float Tfr=0,Tfrl1=0;
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starllne(), : ' . ‘ .
cout<<"UPLIFT PRESSURE IN THE SLIDING LINE (NEGATIVE REGION) .

"<<endl;

outfile<<"UPLIFT PRESSURE IN THE SLIDING LINE (NEGATIVE

REGION)"<<endl,

outf11e<<"Con31ndered Points of Pressure"<<endl; o
cout<<" X y phi' : prs"<<endl;
outfile<<” X Y : phi’

prs'"<<endl; : .

for (int ko=0;k0<9; ) '
for (float g=-2.983;q<-1.57;g+=.157)
for(float xc=—500*b;xc<0;xc++) '

{

float L=b/2;

float xcl=xc/1000; ‘
float r2=(L+xa)* (L+xa)+ (ya*ya);
float ry=r2-(xcl-xa)* (xcl-xa);
float y=sqrt(ry)+ya;

float a=cos(q)*cos(q) :
float bl=sin(q) *sin(q) ;
float c=(y*y)/ (L*L*bl) ;
float x2=(c+1l)*L*L*a;
 float x=-sqgrt (x2);
float pr=y-q*Hw/3.14;
Apr[ko]l=pr;

1f (x<=xcl)

{

Aox [ko]=x;

Cout<<setw(12)<<x<<setw(12)<<y<<sefw(12)<<q<<setw(12)<<pr<<en
dl;
ko++;

outf11e<<setw(10)<<x<<setw(10)<<y<<setw(10)<<q<<setw(10)<<pr<
<endl; . .
break:;

}
}

' //starline(); :
cout<<"\nAverage Pressure and Total Force"<<endl,
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cout<<" - . dx . Alpha ' ds. - avprs.

Fr=ds*avprs. Tot.Fr "<<endl; .
outfile<<"\n dx ‘ Alpha © ds. - avprs.
Fr=ds*avprs. Tot.Fr "<<endl; '

for (ko=0; ko<8; ko++)
{
Adx [ko]=Rox[ko+1]-Aox[ko];//dx :
Ajx[ko]l=.5* (Aox[ko+1]1+Rox[kol);// (x1+x2) /2
Bax[kol=asin((Ajx[kol-xa)/R);//alpha
Asx[ko]=Adx[ko]/cos (Rax[ko]l);//ds . :
Ajpr[ko]=0.5* (Apr [ko+1]+Aprlkol);//avr. pressure
Afrl[kol=Asx[ko]l*Ajpr(ko]l://forces. '
Tfr+=Afr[ko];//total forces '

_cout<<setw(12)<<Adx[ko]<<setw(12)<<Aax[kd]<<setw(12)<<Asx[ko]

<<setw (12)<<Ajpr [ko]<<setw(12)<<Afr [ko]<<setw(12)<<Tfr<<endl;

outfile<<setw(10)<<Adx[ko]<<sétw(10)<<Aax[ko]<<setw(10)<<Asx[
ko] o :

<<setw (10) <<Ajpr [ko]<<setw(10) <<Afr [ko] <<setw (10)<<Tfr<<endl;

}

starline () ;

cout<<" UPLIFT PRESSURE IN THE SLIDING LINE (POSITIVE REGION)

"<<endl; :
cout<<" X % - phi? prs"<<endl;
outfile<<” UPLIFT PRESSURE IN THE SLIDING LINE (POSITIVE
REGION) "<<endl; L '
outfile<<"Consindered Points. of Pressure"<<endl;

outfile<«” X ' y ' phi’

prs"<<endl; '

for (int k1=0;k1<10; )

for (float g3=-1.57;g3<~.157;q3+=0.157)
for (xc2=0;xc2<=1000*0B;xc2++)

{

float Ll=b/2;
float xc3=xc2/1000; .
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float r12¥(11¥xa)*fL1+Xa)+(Ya*yaff
float ryl=rl2-(xc3-xa)* (xc3-xa);
float yl=sqrt(ryl)+ya; o :

float al=cos(g3)*cos (g3);
float b2=sin(g3)*sin(g3):;
float cl=(yl*yl)/(L1*L1*b2);
float x12=(cl+1)*L1*L1*al;
float xl=sqrt(x12):;

"float prl=yl-g3*Hw/3.14;
Aprl [k1]=pril;

if (x1<=xc3)

{
Aox1l[kl]=x1;

'cout<<setw(12)<<x1<<setw(12)<<y1<<setw(12)<<q3<<setw(12)<<pr1

<<endl;
k1++;

outfile<<setw (10)<<x1l<<setw(10)<<yl<<setw(10)<<g3<<setw (10)<<
prl<<endl;
break;
} .
}

//starline () ; :
cout<<"\nAverage Pressure and Total Force"<<endl,

cout<<" dx Alpha = . ds avprs.
Fr=ds*avprs. Tot.Fr"<<endl; I
outfile<<"\n dx Alpha ds . avprs.

Fr=ds*avprs. Tot.Fr"<<endl:

for (k1=0;%k1<9;kl++)
{ _
Adx1[kl]=Rox1[kl+1]-Aox1[k1l];//dx
Ajx1[kl]=.5*(Aox1{kl+1]1+Rox1{k1]);// (x1+x2)/2
Raxl[kl]=asin((Ajx1[kl]-xa)/R);//alpha
Asx1{kl1]=Adx1i({kl]/cos(Raxl1l([kl]);//ds
Ajprl([k1]=0.5* (Aprl[kl1+1]+Aprl{kl]);//avr. pressure
Afrl[kl]=Asx1[k1]1*Ajprl([kll;//forces
Tfri+=Afrl(kl];//total forces -

cout<<setw(12)<<Adxl[k1]<<setw(12)<<Aaxl[kl]<<setw(12)<<Asxl[
k1] S
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<<setw(12)<<Ajprl[kl]<<setw(12)<<Afrl[kl]<<setw(12)<<Tfri<<en
dl; I '

outfile<<setw(lO)<<Adx1[k1]<<setw(10)<<Aaxl[k11<<setw(10)<<As
x1[k1] : '

<<setw(10)<<Ajprl[kl]<<setw(10)<<Afrl[kl]<<setw(10)<<Tfrl<<en
dl; -
}
- starline();
float Frs=Tfr+Tfrl;

cout<<"SOIL IN THE SLIDING LINE"<<endlj;
outfile<<"SOIL IN THE SLIDING LINE"<<endl;

cout<<" X \ : , ap WO=y*i*Gs
T=wofcos ap"<<endl; . ,
outfile<<" X . Y ' ap ‘Wwo=y*i*Gs

T=wo*cos a"<<endl; '
for(xsl=—(L—.5*i);xs1<=(OB—.5*i);xs1+ii)

{

float ap=asin((xsl-xa)/R);

float rys=r2-(xsl-xa)*(xsl-xa); :

float ysl=sqgrt(rys)+ya;-.

float wo=(ysl*i)*Gs; o

float T=(wo)*cos(ap);//+ch;//shear reistance

SUmMoO+=wo;
sumsr+=T;

cout<<setw(12)<<xsl<<setw(12)<<ysl<<setw(1l2)<<ap<<setw (12)<<w.
<<setw (12)<<T<<endl;

outfile<<setw(10)<<xsl<<setw(10)<<ysl<<setw(10)<<ap<<setw(10)
<<wo o
<<setw (10)<<T<<endl;

}

starline ()
Ccout<<"DRIVING LOADS"<<endl; -
outfile<<"DRIVING LOADS"<<endl:;
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cout<<”

apl "<<endl;

X \% : ab - apl T=wn1*cbsh

outfile<<™ x ‘ Yy ab | apl
T=wnl*cos apl "<<endl; ' ‘ .

for(float xs3=-(L-.5%i) ;xs83<=(L-.5%1i) ;xs3+=1)

{
float
float

float
float
float
float
float
flocat
float

float

float
float
float
float
float
float
float
float

rys3=r2-(xs3-xa)* (xs3-xa);
ys3=sqrt (rys3) +ya; -

apl= asin((st—xa)/R);

wo=P/b; : > :

Mo= (Hw*Hw*Hw) / 6; //moment due to u/s water pressure
I=8*L*L*L/12;//inertia of foundatlon

kl=(Mo-M)/I;

wl=kl*xs3+wo;//distributed load

w2=(wl*')'

u——(O 5*Hw/L)*xs3+O 5*Hw,

ul=(u*i)’;

wn=w2-ul;//net dlstrlbuted load on ground surface
nl=fabs ( (-k1*L+wo) —-Hw) ;

wno=wl-u;

ml-(b*b)/((b+y53)*(b+y53))

Xabs=fabs (-L—-xs3) ; :

m2= (xabs+0.5*%ys3) /xabs;
nx= (wno- nl)*ml*m2+n1*(b/(b+y53) //net dlstrlbuted on

slip circle

float
float

Tl=(nx*i)*cos (apl) ;//normal forces
Mw=(xs3-xa) *wn;//moment due to structure

sumMw+=Mw;
sumsrl+=T1;
sumul+=ul;

pl

cout<<setw(12)<<xs3<<setw(12)<<y53<<setw(12)<<nx<<setw(12)<<a

<<setw(12)<<Tl<<endl;

outfile<<setw(1l0)<<xs3<<setw(1l0)<<ys3<<setw(10)<<nx<<setw (10)

<<apl

<<setw(1l0)<<Tl<<endl:;

}

starline () ;
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float TN=sumsr+sumsrl;//normal force

float TS=(TN-Frs)*tan(po)+ch;//shear resistance -
float Md=fabs (sumMw) ; //driving moment against xa
float Mts=TS*R; //re51st1ng monent

float SFs=Mts/Md; . .

cout<<"STABILITY"<<endl;
outfile<<"STABILITY"<<endl:;

cout<<"Uplif Force : "<<sumul<<endl;
cout<<"Weight of Soil: "<<sumo<<endl;

cout<<"Normal Forces due to Weight of Soil: "<<sumsr<<endl;«
cout<<"Normal -Forces due to external load: "<<sumsrl<<endl;

cout<<"Total water force at the circle plane: "<<Frs<<endl;
cout<<"Total Normal force at the circle plane: "<<TN<<endl;
cout<<"Efective force (t): "<<(TN-Frs)<<endl; ’
cout<<"Shear re51stance due to soil cohesion (t/m2):
"<<ch<<endl;

cout<<"Total Shear Resistance: "<<TS<<endl;
cout<<"Resisting moment (tm): "<<Mts<<endl;

cout<<"Driving moment (tm): "<<Md<<endl;

cout<<"Safety factor of’Ciroular sliding: "<<SFs<<endl;

outfile<<"Uplif Force (t): "<<sumul<<endl;
outfile<<"Weight of Soil (t): "<<sumo<<endl;
outfile<<"Normal Forces due to Welght of Soil(t):
"<<sumsr<<endl; g

outfile<<"Normal Forces due to Welght of Soil(t):
"<<sumsrl<<endl; - :

outfile<<"Total water force at the circle line(t):
"<<Frs<<endl:; :

outfile<<"Total Normal force at the circle llne(t)
"<<TN<<endl; o

outflle<<"Efect1ve force (t): "<<(TN Frs)<<endl;
outfile<<"Shear re51stance due to 5011 ~cohesion (t/m2)
"<<ch<<endl:;

outfile<<"Total Shear Re51stance(t) "<<KTS<<endl;
outfile<<"Resisting moment (tm): "<<Mts<<endl;
outfile<<"Driving moment (tm): "<<Md<<endl;

outfile<<"Safety factor of Circular sliding: "<<SFs<<endl;
starline(); '
char cr;
cout<<"Try once more: (n/y)"
C1n>>Crf
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«  CISANs (Critical Centre Analysis) .

#include <iostream.h>
"~ #include <process.h>
#include <conio.h>
#include <math.h>
#include <iomanip.h>
#include <fstream.h>
void starline();
void main ()
{clrscr();

start: ‘ ' ,
ofstream outfile("hydrx.txtf);//checked 28/10-2000

for (float ya=—5;ya<=—2;Ya+=.5)
for (float xa=4;xa<=7;xa+=.5)

{
//float xa=5;
float P=120,M=200,b=10, Hw—lO

float Gs=2.1,ci=10,p=30;

float sumsr=0, sumsrl=0, sumul=0, sumMw=0, sumo=0;
float Tfr=0,Tfrl1=0;
float i=0.5;

float L=b/2;

float r2=(L+xa)* (L+xa)+(ya*ya);
float AB=(L+xa)*2;

float R=sqrt(r2):;

float t=asin(.5*AB/R);

float ch=ci*2*t*R;

float OB=R*sin (t)+xa;

float po=p*3.14159/180;

//I. WATER PRESSURE

float Rox[20]),x[10], Aprilo], Adx[9] Aax[9] ij[9]f

Asx[9],Afr[9], Ajpr[9],

float onl[ll],Xl[ll]}Aprltll],Adxl[lO],Afrl[lO],
Aax1([10],Ajx1[10],Asx1[10],Ajprl1[10];

for(int ko=0;ko0<9; )
for (float q=-2.983;q<-1.57;g+=. 157)
for (float xc=-500*b;xc<0;xc++)
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{_

float L=b/2;

float xcl=xc/1000; :
float r2=(L+xa)* (L+xa)+ (ya*ya):;
float ry=r2-(xcl-xa)* (xcl-xa); .
float y=sqrt(ry)+ya;

- float a=cos(qgq) *cos (q) ;
float bl=sin(q) *sin(q) s
float c=(y*y)/ (L*L*bl);
float x2=(c+1l)*L*L*a;
float x=-sqrt(x2):;
float pr=y-gq*Hw/3.14;
Apr [kol=pr; '

if (x<=xcl)

{
Aox[kol=x;

//cout<<setw (12)<<x<<setw(12)<<y<<setw(12)<<g<<setw (

endl;
ko++;

12) <<pr<<

//outfile<<setw(12)<<x<<setw(12)<<y<<setw(1l2)<<g<<setw (12)<<p

'_r<<endl;
break;

}

for (ko=0; ko<8; ko++)}
{ .
Adx[ko]=Rox[ko+1]-Rox[ko];//dx

Ajx[ko]=.5* (Rox[ko+1l]+Rox[ko]l);// (x1+x2)/2
Rax[kol=asin((Ajx[ko]-xa)/R);//alpha
Asx[ko]=Adx[ko]/cos (Aax[kol);//ds
Ajpr[ko]=0.5* (Apr (ko+1]+Apr(kol);//avr. pressure
Afr(kol=Asx[kol*Ajpr([kol;//forces
Tfr+=Afr[ko];//total forces

o]

//cout<<setw (12) <<Adx [ko]<<setw (12) <<Aax [ko]<<setw (12) <<Asx [k
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//<<setw (12) <<Bjpr [ko] <<setw (12)<<Afr [ko]<<setw (12) <<Tfr<<end
1; ' :

'//outfile<<setw(12)<<Adx[kol<<setw(12)<€Aax[ko]<<setw(12)<<As
x[ko] S ' - .

A4

//<<setw(12)<<Ajpr[ko]<<sefw(12)<<Afr[ko]<<setw(12)<<Tfr<<end
1; ' T

for (int k1=0;k1<10; )

for(fleoat g3=-1.57;g3<~-.157;g3+=0.157)
for (float xc2=0;xc2<=1000*0OB;xc2++)

{.’.

float Ll=b/2;

float xc3=xc2/1000; ' _
float rl2=(Ll+xa)* (Ll+xa)+(ya*ya);
float ryl=rl2-(xc3-xa)* (xc3-xa);
float yl=sqrt(ryl)+vya; '

.float al=cos(g3)*cos(g3)}
float b2=sin(qg3) *sin (g3): _
float cl=(yl*yl)/(L1*L1*b2) ;"
float x12=(cl+1)*L1*L1*al;
float xl=sqrt(x12):; .
float prl=yl-gq3*Hw/3.14;
Aprl[kl]=pril; '

if (x1<=xc3)

{
onl[klj=xl;

//outfile<<setw(12)<<x1<<setW(12)<<y1<<setw(12)<<q3<<setw(12)

<<prl<<endl;
k1++;

//outfile<<setw(12)<<x1<<setw(12)<<Y1<<setw(12)<<q3<<setw(12)
<<prl<<endl; '
break;
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3 .
for (kl=0;k1<9;kl++)

{ - ‘
Adx1[kl]=RAox1([k1+1]-Rox1l[kl];//dx
ijl[kl]=.5*(onl[k1+l]+AOXl[kl]);//(xl+x2)/2
Aaxl[kl]=asin((Ajx1[kl]-xa)/R);//alpha
Asx1[k1]=Adx1([kl]/cos (Aaxl1l[k1l]);//ds. .
Ajprl[k1]=0.5* (Aprl[k1+1]+Aprl[kl]);//avr. pressure
Afrl[kl]=Asx1[k1]*Ajprllkl];//forces ‘
Tfrl+=Afrl[kl];//total forces

//cout<<setw(12)<<Adx1[k1]<<setw(12)<<Aax1[kl]<<setw(l2)<<Asx
1[k1] -

//<<setw(12)<<Ajprl[k1]<<setw(12)<<Afr1[k1]<<setw(12)<<Tfr1<<
endl; o

//outflle<<setw(12)<<Adx1[kl]<<setw(12)<<Aaxl[kl]<<setw(12)
Asx1[kl] : . .

//<<SetW(12)<<Ajprl[kl]<<setw(12)<<Afr1[kl]<<setw(12)<<Tfrl<<

endl;
}

//"SOIL IN THE SLIDING LINE"
for (float xsl=-(L-.5%*1i);xs1l<=(0B~.5*i);xsl+=1)

{ .
float r2=(L+xa)*(L+xa)+(ya*ya)}

float ap=asin((xsl-xa)/R):

float rys=r2-(xsl-xa)*(xsl-xa);

float ysl=sqrt(rys)+vya; :

float wo=(ysl*i) *Gs;

float T=(wo) *cos(ap);//+ch;//shear reistance

sSumo+=wo;
sumsr+=T;

//cout<<setw(12 <<xsl<<setw(12)<<ysl<<setw(12)<<ap<<setw(12)

<wo
//<<setw(12)<<T<<endl;
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//"DRIVING LOADS" - )
for (float xs3=-(L-. 5*1),x53< (L—.5%i) ;xs3+=1i)
{ , A
float r2=(L+xa)* (L+xa)+(ya*ya);//radius

float rys3=r2-(xs3-xa)* (xs3-xa);

float ys3=sqgrt(rys3)+ya:

float apl=asin((xs3- xa)/R),//sllce base 1nc11natlon
float wo=P/b;//vertical load

float Mo—(Hw*Hw*Hw)/G //moment due to u/s water pressure
float 8*L*L*L/12 //1nert1a of foundation

float =(Mo—M)/1;

float wl k1*xs3+wo; //dlstrlbuted load

float w2—(wl*1),

float u=-(0.5*Hw/L) *xs3+0. 5*Hw, //uplift

float ul=(u*i); .

float wn=w2-ul;//net dlstrlbuted load on ground surface
float nl=fabs{ (- kl*L+wo) Hw),.

float wno =wl-u; : 3
float m (b*b)/((b+ys3)*(b+y53)),

float xabs fabs (-L-xs3);

float m2=(xabs+0.5*ys3) /xabs; e -

float nx=(wno- nl)*ml*m2+n1*(b/(b+ys3) ) ://net distributed
slip circle ‘

float Tl=(nx*i )*cos(apl);//normal forces

float Mw=(xs3-xa)*wn;//moment due to structure

sumMw+=Mw;
sumsrl+=T1;
sumul+=ul;

//cout<<setw(12)<<st<<setw(12)<<wl<<setw(12)<<u<<setw(12)<<a

pl

//<<setw(12)<<Tl<<endl; '

//outfile<<setw(12)<<xs3<<setw (12)<<wli<<setw (12)<<u<<setw(12)
<<apl :

//<<setw(1l2)<<T1l<<endl;

}

float Frs=Tfr+Tfrl;
float TN=sumsr+sumsrl; //normal force
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float TS*(TN—Frs)*taﬁ(po)+ch //shear resistance
float Md= fabs(sume),//dr1V1ng moment against xa
float Mts=TS*R; -

float SFs=Mts/Md;
cout<<setw(12)<<ya<<setw(12)<<xa<<setw(l2)<<SFs<<endl

outf11e<<setw(12)<<ya<<setw(12)<<xa<<setw(12)<<SFs<<endl;

}//forxaya

char cr;
cout<<"Try once more: (n/y)"
cin>>cr; '
if(cr=="y")

goto start;

}

void starline()

{

for (int j=0;3j<65;j++)
couts<'=";
cout<<endl:;

getch();
}
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' SDOB (Strixctu;al Dgsfgn of ﬁarrage) '

finclude<iostream.h>
finclude<conio.h>
#include<math.h>
finclude<iomanip.h>
 #include<fstream.h>

" void starline();

" void main{() {clrscr():
ofstream outfile ("SDOB.TXT")

///Input
‘float a=10,bs=13.5,bu=27.5, bd—28 B=15, c= 4,dd=6,du=6.5, D~4 Hw—3 5,

tf=0.8,tr=2.5,td=1,d=4.5;
float P=265,Mec=0;

'//Checked 18/10-200

float f=4,Gs=0.9,Ct=10;

long p=15,Nc, Nqg;

/17

char ch;

vstarllne()

COUL<<"STABILITY OF THE BARRAGE"<<endl .
cout<<"by JUNAEDI 25072000"<<endl;

outfile<<"DESIGN OF FLOATING FLOOR AND RIBBED FOUNDATION OF THE
BARRAGE"<<endl; .
outfile<<"by JUNAEDI 25072000"<<endl;

start:
starline();

-/ /cout<<"\nDimension and Parameter"<<endl

//cin>>a;

//cout<<" ~External Vertical Load (P.in ton): ";
//cin>>P; o . :
//cout<<™” -External Moment (M in t-m): ";
//cin>>Mec; B

//cout<<" -Floor thickness (tf in m): ";
//cin>>tE; :

//cout<<" -Depth of u/s cutoff (du in m): ";
//cin>>du; - - -
//cout<<"  -Cutoff thickness (td in m): ";
//cin>>td; ' -

//cout<<"™  -Depth of d/s cutoff (dd in m): ";
//cin>>dd; ' I

./ /cout<<” -Depth of girder (D in m): ";
//cin>>D; , -
//cout<<” -Girder/ Pier thickness (tr in m): ";
//cin>>tr; o : o

//cout<<”  -Length top of pier (a inm): ";
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' //cout<<"™ " -Pier heith»(c in‘m)ffﬁﬁ

©//cin>>c; , e . '

+.//cout<<"™  -Deference level between u/s and d/s (d in m): ";
//cin>>d; - ' S l :

" //cout<<" -Depth of water an u/s: ";

//cin>>Hw; , o L
//cout<<" -Width of bays (B inm): ";
//cin>>B; . e

./ /cout<<™” ~Length of u/s floor (bu in m): ";

//cin>>bu; B R . ,
//cout<<® -Length of glacis (hqrizontal) (bs in m): ";
//cin>>bs; C

-+ //cout<<"”  -Length of d/s floor (bd in m): ";

- //cin>>bd; o
- //cout<<"  -Unit weight of soil (Gs t/m3): ";

" //cin>>Gs; o ‘

J /cout<<" -Skin friction of soil (f t/m2): ";
-/ /cin>>f; SR
- //cout<<” -Internal friction angle of soil (p deg): ";

" //cin>>p; - _
outfile<<"\nDIMENSION AND PARAMETERS"<<endl;
outfile<<"  -External Vertical Load (P.in ton): "<<P<<endl;

woutfile<<” ~-External Moment (Méc in t-m): "<<Mec<<endl;

. outfile<<"  -Floor thickness (tf in m): "<<tf<<endl;
.- outfile<<™" -Depth of u/s cutoff (du in m): "<<du<<endl;
coutfile<<" ~Cutoff thickness (td in m): "<<td<<endl;

" outfile<<” -Depth of d/s cutoff (dd in m): "<<dd<<endl;

coutfile<<” -Depth of girder-(D“in m) : "<<D<<endl; ]

.outfile<<™ -Girder/ Pier thickness (tr in m): "<<tr<<endl;
outfile<<"  -Length top of pier (a.in m): "<<a<<endl;

~outfile<<"™ -Pier height (c in m): "<<c<<endl;
outfile<™ -Deference level between u/s and d/s (d in m):
"<<d<<endl; - I ’

“outfile<<"” -Depth of water an u/s: "<<Hw<<endl;
outfile<<" -Width of bays (B in m): "<<B<<endl;
outfile<k" -Length of u/s floor (bu in m): "<<bu<<endl;
outfile<k" -Length of glacis (horizomntal) (bs in m):

. "<<bs<<endl; L v
outfile<<"  -Length of d/s floor (bd in m): "<<bd<<endl;
outfile<<” -Unit weight of soil (Gs t/m3): "<<Gs<<endl;
outfile<<" -Skin friction of soil (f t/m2): "<<f<<endl:;

coutfile<<™ -Internal friction ' angle.of soil (p deg):
."<<p{<endl; ' g ' '

- starline(); . .
'+ //cout<<"Do you want to change the input data? (y/n)":
'/ /cin>>ch; o
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//if(ch=="y").
~//goto start;
. //starline() ;.

C//uplift

//upstream o _ 4 ' A
cout<<"\nPRESSURE AT THE UPSTREAM CUTOFF"<<endl;
outfile<<"\nPRESSURE AT THE UPSTREAM CUTOFF"<<endl
" float h=Hw+d; :

- float b=bu+bs+bd-2*td;

float bt=b+2*td;

float afu=du/bt;

float LD=.5* (1+sqrt(1+ (bt/du)* (bt/du)));

float PD=acos((LD-1)/LD)/3.1416;

. float PD1=(1-PD); _ ‘

©cout<<" -Alfa factor: "<<afu<<endl;

'.cout<<“ -Pressure at bottom of cutoff (%): "<<PD1*100<<endl;
outfile<<” -Alfa factor: "<<afu<<endl; '

outfile<<" -Pressure at bottom of cutoff (%): "<<PD1*100<<endl;

. float PDu=(1-PD)*h; | | ‘
© cout<<" -Pressure at bottom of cutoff (m): "<<PDu<<endl;
outfile<<™ -Pressure at bottom of cutoff (m): "<<PDu<<endl;

float LE=.5*% (l+sqgrt(1+(bt/du)* (bt/du) )),

float PE=acos((LE-2)/LE)/3.1416;

float PE1=1-PE; :

cout<<"™ -Pressure at the corner (%): "<<PE1*100<<endl;
outfile<<" -Pressure at the corner (%): "<<PE1*100<<endl;

float Cd=(PD1-PE1)*100*tf/du;
cout<<" -—Correction depth (%); "<<Cd<<endl;
outfile<<"™ ~Correction depth (%): "<<Cd<<endl;

. float k=du-tf;
‘float K=d-tf+dd;

. float Ci=19*sqrt (K/b)* (k+K) /bt
- float PEc~PE1*100+Cd+C1,

float PEu=PEc*h*.01;

cout<<" ~Correction for 1nterference of d/s cutoff (%):

"<<Ci<<endl; .
cout<<" ~Corrected pressure at the- corner (%):'"<<PEc<<endl;

cout<<" -Pressure at the corner (m): "<<PEu<<endl;
outfile<<™ -Correction for interference of d/s cutoff (%):
. "<<Ci<<endl; S , :
outfile<<" -Corrected pressure at the corner (%): "<<PEc<<endl;
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outfile<«™ —Pfessure at the cornér: (m): "<<PEu<<endl;

//down stream
. cout<<"\nPRESSURE AT THE DOWNSTREAM CUTOFF"<<endl;

loutfile<<"\nPRESSURE AT THE DOWNSTREAM CUTOFF"<<endl;

'float afd=dd/bt;
float Ld=. S* (I+sqgrt (1+( (bt/dd) * bt/dd))),
float PD2=acos({Ld-1)/Ld)/3.1416;

cout<<" -Alfa factor: "<<afd<<endl; .
cout<<" -Pressure at bottom of cutoff (%): "<<PD2*100<<endl;
routfile<<"™ -Alfa factor: "<<afd<<endl; _
outfile<<"™ -Pressure at bottom of cutoff (%): "<<PD2*100<<endl; .
float PDd=PD2%*h; . ,
" cout<<" -—Pressure at bottom of cutoff (m): "<<PDd<<endl;
outfile<<" -Pressure at bottom of cutoff (m): "<<PDd<<endl;
.+ float LE2=.5% (1+sqrt (1+ (bt/dd) * (bt/dd))):
+ .float PE2=acos((LE2-2)/LE2)/3.1416;
. float PEd=PE2*h; . .
" cout<<" -Pressure at the corner (%): "<KPE2*100<<endl;
outfile<<" -Pressure at the corner (%): "<<PE2*100<<endl;
. float Cdl=(PD2-PE2)*100*tf/dd;
cout<<" -—Correction depth (%): "<<Cdl<<endl;
outfile<<" —Correction depth (%): "<<Cdl<<endl;
float kl=dd-tf;
" float Kl=du-d-tf;
- 1f (K1<0)
{
cout<<™ -No interference of u/s éutoff."<<endl;
outfile<<" -No interference of u/s cutoff."<<endl;
K1=0; .
b
float Cil=19*sqrt(K1l/b)* (k1+K1)/bt;
- cout<<"™ -Correction for interference of u/s cutoff: "<<-
‘C11<<endl
outfile<<" -Correction for interference of u/s cutoff: "<<-
~ Cil<<endl;
float PEcl=PE2*100+Cdl-Cil;
float PEd1=PEcl*h*.01; :
cout<<" -—Corrected pressure at the corner: "<<PEcl<<endl;
cout<<"™ -Pressure at the corner (m): "<<PEdl<<endl;
outfile<<" -Corrected pressure at the corner: "<<PEcl<<endl;
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butfiie<<" -Pressure at the corner (m): "<<PEdl<<endl;

//starline () ;

//starline () ;

//uplift force beneath the floor

float ULl=(b)*PEd*B;//rectangel

float UL2=(b)* (PEu-PEd) *.5*B; //trlangle
//uplift force beneath cutoff

float UL3=PDu*td*B;

- float UL4=PDd*td*B;

- float UL=UL14UL2+UL3+UL4;

. //Vertical Forces

//welght of structure

- float Wr=(bu+bd+bs)*tr*D*2.4; //glrder
- float Wl (.33333*%a+c+c)*.5*%a*tr*2.4;

. float W2=.5*(.33333%a+c)* (bs—-a)*tr*2.4;
float Wp=W1+W2;//weight of peir+girder
float Wf= (bu+bs+bd) *tf*2.4*B;//floor dry
float Wfs=(butbs+bd)*tf*1.4*B;//floor submerged

//float Wcd=(dd)*td*1.4;//ds cutoff
//float Wcu=(du)*td*1.4;//us cutoff:
. float Ws=Wr+Wf+Wp;//totaldry

' float Wss=Wr+Wfs+Wp;//totalsub.

© //weight of water

. float Ww=Hw*bu*B;

n

//Horisontal Forces

float pl=p*3.14/180;

float ka=tan(0.785-0. 5*pl)*tan(0 785 0 5*pl);

float kp=1/ka;

float H=.5* (Hw*Hw) *B; //water

. -float Sp=.125*Gs* (kp-ka) * (du*du+dd*dd) *B; //soil lateral
float fsh=Sp/H; o _

' //foundation analysis

. //overtuning moment against end of d/s
'//float Mc=(du*td*2.4)* (b+td);//cutoff

float Mf=Wf*0.5% (b+td);//floor dry

float Mfs=Wfs*0.5* (b+td);//floor submerged

. float Mr=Wr*0.5%* (b+td);//girder )

. float M1=W1l* (bd-.5*a+bs-.5*td);

float M2=W2* (bd+.66667* (bs—a)-.5*td);

float Mp=M1+M2;//pier

+ float Mst=Mf+Mr+Mp;//m structure
float Msts=Mfs+Mr+Mp;//m structure
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 float
float
- float
- float
float
float
" float

float

! float
'float

float

Mbg=(P) * (bd+ (bs-.5%a)-.5*td) ; //bridge+gate
Mwh=H*Hw/3;//water

Mwv=Ww* (.5*bu+bs+bd-.5*td) ;//water

MUL=ULL1* (.5%td+.5%b) +UL2* (.5*td+2*b/3) +UL3* (b+td) ;//uplift
Mfr=(f*2*du) * (td+b) ; //friction

Msp=0.125*Gs*dd*dd* (kp-— ka)*d,,//501l lat prs.
dM=Msts+Mec+Mbg+0.5*H*d-Mwh+Mwv-MUL;

Ru=dM/ (b+td) ;//reaction of u/s found. at ponding

dMn=Mst+Mec+Mbg; :
Run=dMn/ (b+td) ;//reaction of u/s found. no water

fsm=(Msts+Mec+va+Mfr+Mbg+Msp)/(MUL+Mwh);//at ponding

.//bvertuning moment against end of u/s

float
- float
.. float
‘float
- float
float
fleat
float

" float

float
float
float
~ float

float

. float

float
float

float
' float
.float

~ //float Mcl=(dd*td*2.4)* (b+td);//cutoff
.. float

Mfl=Wf*.5* (b+td);//floor dry -

‘Mfsl=Wfs*.5* (b+td) ;//floor sub

Mrl=Wr*.5%* (b+td);//girder
M11=W1l* (bu+.5%a-.5*td) ;
M21=W2* (but+a+.33333* (bs-a)-.5*td) ;

Mpl=M11+M21;//pier

Mstl1=Mfl+Mrl4+Mpl;//m structure dry

Mstsl=Mfsl+Mrl+Mpl;//m structure sub

Mbgl=(P)* (bu+ (a*.5)-.5*td) ;//bridge+gate

Mwhl=H*Hw/3;//water

Mwvl=Ww* (.5*bu-.5*td) ;//water
MUL1=ULL* (.5*td+.5%b) +UL2* (. 5*td+b/3)+UL4*(b+td)'//uplift

Mfril=(f*2*dd) * (td+b) ;//friction

Mspl=.125*Gs*du*du* (kp- ka)*d,//501l lat. prs.

dM1=Mstsl+Mec+Mbgl+Mwhl+Mwv1+0.5*H*d-MULL;
Rd=dM1/ (b+td) ; //reaction of d/s found. at ponding

dMnl—Mstl+Mec+Mbg1 S '
Rdn=dMnl/ (b+td) ;//reaction of ds found. no water

fsml= (Mstl+Mec+Mwv1+Mfrl+Mbgl+Mspl)/ (MUL1+Mwhl) ;
Fr=f* (2*dd+2*du) ; //skin frlctlon '
fsv=(P+Ws+Ww+Fr) /UL; o

,//glrder
float px=bd* (PEu-PEdl)/b+PEd1; //upllft at bd down stream

float Mgl=Rd*bd;//m foundation reaction

float Mg2=PEdl*.5*bd*bd*B;//m uplift rect.
. float Mg3=(px-PEdl) *bd*bd*B/6;//m uplift trlan
~float Mgd=bd*tr*D*2.4*.5%bd;//m glrder
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float Mg5=tf*1.4*B*.5*bd*bd;//m floor |
float Mg=Mgl+Mg2+Mg3-Mg4-Mgb;//m tot at girder F

//floor ' -

.float Mx=(px-1.4*tf)*B*B/10;//moment tm

float tb=100*tf; o

float I=100*pow (tb,4)/12;

‘float y=(10* (px-~

1.4%tf) *pow ((100*B),4) )/ (384*210000*I);//deflection
//cutoff : S -

float Mchu=0.1*Gs*du*du*du* (kp-ka) ;..

float gg=(Run) /B;

"float Mcvu=0.1*gg*B*B;

//Bearing capacity

switch (p)
|

case O:

Nc=5.7;

Ng=1.0;

break; -
case 5:

Nc=7.8;

Ng=2.7;

break:
case 10:

Nc=10.5;

Ng=2.7;

break;
case 15:

Nc=15;
Ng=4.8;
break;
case 20:

Nc=24;

Ng=8.1;

break;
case 25:



Nc=40;
Ng=15;
break;
case 30:

Nc=70;
- Ng=30;
break;
case 35:

Nc=140;
Ng=65;
break;
case 40:

Nc=300;

Ng=150;

break;
}

 float qf=(td* (Ct*Nc+ (dd*Gs*Nq) * (0.4+0.1))+2*f*dd) *B;
float gfl=(td* (Ct*Nc+ (du*Gs*Ng)* (0.4+0.1))+2*F*du) *B;

starline() ;
.cout<<"\nDESIGN OF FOUNDATION"<<endl:;

cout<<"\nThe Loads"<<endl;

cout<<" -External Vertical Load (ton): "<<P<<endl;
cout<<" -~External Moment (ton-m): "<<Mec<<endl;

‘cout<<" -Weight of water at u/s side (ton): "<<Ww<<endl;
‘cout<<" -Weight of structure at ponding.condition (ton):
"<<Wss<<endl; _ '

cout<<" -Weight of structure at no water condition (ton):
"<<Ws<<endl;

"cout<<" -Uplift force (ton): "<<UL<<endl;

//starline(); .
cout<<"\nUpstream foundation"<<endl;

~cout<<" -Reaction of u/s foundation at ponding condition (ton):
M"<<Ru<<endl; : ~

cout<<" -Reaction of u/s foundation at no water condition (ton):
"<<Run<<endl; ' _

.cout<<" -Bearing capacity at u/s foundation (ton): "<<gfl<<endl;
cout<<"\nDownstream foundation"<<endl; ,

cout«<" -~Reaction of d/s foundation at ponding condition (ton):
 "<<Rd<<endl; ‘ : '

.cout<<"  -Reaction of d/s foundation. at no'wgter condition (ton):

"<<Rdn<<endl;
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-cout%<f fBeating'capaéity at d/s fbundationl(tqq);ﬂu<<qf<$endl;

cout<<"\nSTABILITY ANALYSIS"<<endl;

cout<<" -Horizontal movement safety factor: "<<fsh<<endl;
‘cout<<" -Vertical movement safety. factor: "<<fsv<<endl;
‘cout<<" . ~Overturning moment safety factor against u/s:
"<<fsml<<endl; :
cout<<" -Overturning moment esafety factor against d/s:
"<<fsm<<endl; o E :
starline() ;
cout<<"\nSTRUCTURAL ANALYSIS"<<endl
cout<<™" -Moment at Girder (t-m): "<<Mg<<endl;
© cout<<"  -Moment at Floor (t-m): "<<Mx<<endl;
- cout<<" -Deflection at Floor. (cm): "<<y<<endl;
' cout<<" -Horizontal moment at Foundatlon/cutoff (t-m) :
"<<Mchu<<endl; :
cout<<" -Vertical moment at Foundatlon/cutoff (t-m) :
"<<Mcvu<<endl;

outfile<<"\nThe Loads"<<endl;

- outfile<<"™ -External Vertical Load (ton): "<<P<<endl;
outfile<<"™ -External Moment (ton-m): "<<Mec<<endl;
outfile<<” -Weight of water at u/s side (ton): ."<<Ww<<endl;
outfile<<"™ -Weight of structure at ponding condition (ton}):
- "<<Wss<<endl;
~outfile<<" -Weight of structure at no water condition (ton) :
"<<Ws<<endl;
outfile<<" -Uplift force (ton}: "<<UL<<endl;
outfile<<"\nUpstream foundation"<<endl;
outfile<<" -Reaction at ponding condition (ton): "<<Ru<<endl;
outfile<<" - —Reaction at no water condition. (ton): "<<Run<<endl;
~outfile<<” -Bearing capa01ty at u/s foundation (ton):
"<<gfl<<endl;
outfile<<"\nDownstream foundation"<<endl; :
outfile<<" -Reaction at ponding condition (ton): "<<Rd<<endl;
outfile<<" -Reaction at no water condition . (ton): "<<Rdn<<endl;
outfile<<" -Bearing capacity at d/s foundation (ton):
"<<gf<<endl:; : o

outfile<<"\nSTABILITY ANALYSIS"<<endl;

“outfile<<"™ -Horizontal movement safety factor: "<<fsh<<endl;
outfile<<” -Vertical movement safety factor: "<<fsv<<endl;
outfile<<" -Overturning moment safety factor agalnst u/s
- "<<fsml<<endl;
outfile<<" -Overturning moment safety factor agalnst d/s:

"<<fsm<<endl;
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>ut £ile<<"\nSTRUCTURAL ANALYSIS"<<endl;

outfile<<" -Moment at Girder (t-m): "<<Mg<<endl;
outfile<<”  -Moment at Floor (t-m): "<<Mx<<endl;
outfile<<™” —Deflection at Floor (cm): "<<y<<endl;
>utfile<g™ —Horizontal moment at Foundatlon/cutoff (t-m) :
"<<Mchu<<endl;

outfile<<” ~Vertical moment at Foundatlon/cutoff (t-m) :
"<<Mcvu<<endl :

cout<<"\nDESIGN OF REINFORCEMENT"<<endl;.

for (int i=2;i<=100;i++)
float As=1*0.25%3.14*2.5*2.5;//steel area tension=compression

float ac=As*3700/(0.55*300*1*100)7//concreté'block diagram

float Mc=. 55*300*1*100*ac*(100*tf—10~ '
(ac*O 5))*0.00001;//concrete
. float Ms=3700*As* (100*tf-20)*0. 00001 //steel

» float Mu=Mc+Ms;//ultimate floor
int Amax= (. 236*300*1*100*(100*tf lO)/3700)/4 9;
if (Mu>=1.5*Mx)

{

cout<<"\nFloor: no. of bars per m: "<<i<<endl;
cout<<" Moment ultimate per m: "<<Mu<<endl;
cout<<” Max. no.. of bars per m: "<<Amax<<endl;

outfile<<"\nFloor: no. of bars per m: "<<i<<endl;

outfile<k"” Moment ultimate per m: "<<Mu<<endl;
outfile<<" Max. no. of bars per m: "<<Amax<<endl;
break;

}
}

for (int 11=2;11<=500;11++)

{ , .
. float As=il1*0.25*3.14*2,5*%*2.5;//steel area tension=compression
- float acl=As*3700/(0.55*300*tr*100) ; //concrete block diagram
float Mcl=.55*300*tr*100%acl* (100*D~10-
(acl*0.5))*0.00001;//concrete
.. float MSl=3700*AS*(lOO*D—ZO)*0.0000l;//Steel-
. float Mul=Mcl+Msl;//ultimate girder
int Amax={(. 236*300*tr*100*(100*D—10)/37Q0)/4.9}
1f (Mul>=1.5*Mqg)
{ , ‘
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1}

'cout<<ﬂ\nGirder: ‘no. of bars: “<<il<<endl;
cout<<"” . Moment ultimate: "<<Mul<<endil;
cout<<" ' Max. no. of bars: "<<Amax<<endl;

outfile<<"\nGirder: no. of bars: "<<il<<endl;

coutfile<<” Moment ﬁltimate: "<<Mul<<endl;
outfile<«” Max. no.'of_bars: "<<Amax<<endl;
break;

}

for (int 12=2;i2<=500;12++)
{ .

}

float As=i2*0.25%3,14*2.5%2.5;//steel area.tension=compression
float ac2=As*3700/(0.55*300*1*100);//concrete block diagram
float Mc2=.55%*300*1%100*ac2* (100*td-10-
(ac2*0.5))*0.00001;//concrete L

float Ms2=3700*As*(lOO*td—ZO)*0.0COOl;//steel

float Mu2=Mc2+Ms2;//ultimate ' cutoff
int Amax=(.236*300*1*100* (100*td-10)/3700)/4.9;

1if (Mu2>=1.5*Mchu)
{
cout<<"Cutoff"<<endl; : :
cout<<"\nReinforcement due to Horizontal Load"<<endl;

cout<<” -no. of bars per m: "<<i2<<endl;
cout<<” -Moment ultimate per m: "<<Muz<<endl;
cout<«” -Max. no. of bars: "<<Amax<<endl;

outfile<<"Cutoff"<<endl;
outfile<<"\nReinforcement due to Horizontal Load"<<endl;

outfile<<" -no. of bars per m: '"<<i2<<endl;
outfile<<" -Moment ultimate per m: "<<Mu2<<endl;
outfile<<" -Max. no. of bars per m: "<<Amax<<endl;
break;

}

for (int i3=2;13<=500;1i3++)

{

float As=13*0.25*3.14*2.5*2.5;//steel area tension=compression
float ac21=As*3700/(0.55*300*td*100) ;//concrete block diagram-
float Mc21=.55*300*1*100*ac21* (100*du~10-
(ac21*0.5))*0.00001;//concrete

float M821=3700*AS*(100*du—20)*0.0000l;//steel
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float Mu21—Mc21+Mle //ultlmate' cutoff
int Amaxl=/(. 236*300*td*100*(100*du 10)/3700)/4 9,

if (Mu21>=1.5*Mcvu)
{

cout<<"\nReinforcement due to Vertical Load"<<endl;

cout<<"  -no. of bars : "<<i3<<endl;

cout<<" -Moment ultimate per m: "<<Mu2l<<endl;
cout<<” -Max. no. of bars: "<<Amaxl<<endl;
outfile<<"\nReinforcement due to.Vertical Load"<<endl;
outfile<<" -no. of bars : "<<i3<<endl;

outfile<<" -Moment ultimate per m: "<<Mu2l<<endl;
outfile<<" -Max. no. of bars per m: "<<Amaxl<<endl;
break;

}

o}

starline();

cout<<"Try once more? (y/m)"

cin>>ch;
1if (ch=="y")
".goto start;
o
‘void starline() - | o
{ ! -
- for(int 3=0;3<75;7j++)
cout<<'* "',
" cout<<endl;
getch();

} .
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_ LIST OF SYMBOLS

a = width of top of pier, depth of concrete stress block.
b = clear distance between upstream and downstream cutoff,
width of rectangular beams.

= height of pier measured from girder face.

c
d = difference level between Upsfream and down stream, depth of beams. .
e = eccentricity.

fs = skin friction.

h = height of structure (elementary profile of gravity dam).
1 . =increment, width of slices.
j,k  =increment of ‘for loops’.
p = angle of internal friction (¢) in corﬁpuf.er prdgram:
q = equipotential constants in dbmputef program.
u = velocity in x-direction,
s = velocity in y-direction.
w = velocity in z-direction.
x - = horizontal distance measured from y—axis. :
— vertical distance measured from x-a)us |
= v.vidth of bay of barrage.
= correction for mutual interference of .sheet pjles.
= girder depth.
= horizontal water thrus‘t..

Z U o 5w <



bu
dd

du

tr
if
| . Ct
F
Fr

Hw

= distance from the middle of the structure to outer side.

= external morﬁént.

= external vertical load. —
= radius of slip circle.

= shear force at the base of slice.

= u_p]iﬁ force below the base of structure.
= weight of water at upstream side.

= length of downstream floor.

= horizontal length of glacis.

= ]ength of upstream floor.

= depth of downstream cutoff.

= depth of upstream cutoff.

= horizontal resistance of strip foundation.
= bearing capacity of soil base.

= thickness of cutoff/ strip foundation. -
= thickness of girder or pier.

= thickness of floating floor. -

= qohesion of soil.

= depth of foundation.

= uplift forces.along slip circle line. )

= height of water storage.

= coefficient of active preésure of soil.

= coefficient of passive pressure of soil.



Mu = moment ultimate of reinforced concrete members.

Ng, Nc, Ny = bearing capacity factors.

Ru = reaction of upstream foundation. ‘

Rd  =reaction of downstream foun'dation.

SF = gafety factor.

o = angle of slice base inclination, adhesion faétpr.
N0y = constants of equipotential lines. |

iy’ = constants of stream / flow lineé.
'©® = central angle of slip circle.i '

c = stresses on ground surface\.

YW = unit weight of water.

¥c = unit weight of concrete.

ysat = unit weight of saturated soil. -

Y = unit weight of sui)merged soil.

Y = unit wéight of dry soil. .

occu = 'compréssive strength of cloncretg.'

cau = tensile strength of steel.
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