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Dam Design Against Water Induced Vibrations
A. A. JIMOH
.  Civil Engineering Department, University of llorin, llorin, Nigeria.
ITRODUCTION ;
Adamisa structural barrier built against the flow of a stream [
level of the dam leads to over flow in some periods. On the

Dahms, 2004]. The water build up tothe

water surface, waves are set up. One is

 wave. In a transverse wave the particle displacement is perpendicular to the direction of

wave propagation. The particles do not move along with the wave, they simply oscillate up and down
about their individual equilibrium positions as the wave passes by. Also there is Iong'tudinal wave. Ina
ngitudinal wave, the particle displacement is parallel to the direction of wave propagation. The
particles oscillate back and forth about their individual equilibrium positions. The two waves move
¢ ight. There is also water wave. Water wave is a combination of both longitudinal and

a\ s. As the water wave travels through the water, the particles travel in clockwise circles.

us f;th circle decreases as the depth into the water increases. Wave action is also created

This process leads to creation of forces at the upstream of the dam. There is static active horizontal
dynamic horizontal force due to the waves. Static force of water pushes the dam and is
= friction between the contact surfaces of the dam and the foundation. The dynamic load
is agitated by the gravity action and the kinetic energy of the moving water. The wave is
the surface of the dam. Due to compressible nature of water, the action of pushing and
at the face of the dam is repeated, thus creating the dynamic load on the dam. The dynamic
auses deflection, shear and moment as the dam vibrates. Though the dynamic force is usually
t because of its repetitive nature, it can cause a fatigue stress which can lead to the crack
the dam. Wave can assume various shapes [Dahm, 2004] depending onthe typeofload, e.g.,
periodic which can be rectangular or triangular etc. In dynamic load the load and response
hear and moment) vary [Dunger, 1978] and thus, the problem does not have asingle
1 as a static problem does [Clough and Penzien, 1975]. However, if the dynamic motions are so
i inertia forces are negligibly small, the analysis for any desired instant of time may be
structuralanalysis procedures even though the load and response may be time

médj y static

-varying.

Design of a dam for vibration is a continuation of static design. In static design the dam is considered as
a gravity rétaining’ wall where three stability criteria are considered, the deflection (bending), the
stability (sliding and overturning) and bearing pressure (soil strength). Each of these is expressed
mathematically in term of the dam material properties and dam geometry and soil properties as the
case may be. From this analysis, the appropriate dam geometry is designed for. In vibration
consideration however, the sections obtained in static are used in dynamic analysis, and if for later

{dynamic design) the initial sections selected are satisfactory then, they are retained and if not they
~ areincreased accordingly and economically.

-
2. LOAD DETERMINATION
~ Indesign, load determination is importantasitisthe one that generates stresses in structures. Load can
- be estimated from the water wave which occurs at the upstream and the wave idealisation on the dam
~ isshownin Fig 1a. The forces due to the waves which can hit atanyanglea are shown in Fig 1b.
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Fig 1b. Schematic diagram of the dam and
the dynamic forces with two degrees of
freedom -

The waves possess energy as they move. For intermediate and shallow water the Boussinesq
equations are applicable. As the depth below the free surface increases, the radius of the circular
motion decreases. At depth equal to half the wave length, the orbital movement has decayed to
less than 5 % of its value at surface. The phase speed of the surface wave is given by [Wikipedia the
free encyclopaedia 2009], as ’
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Where

C = phase speed

1 =wave length

d = water depth

g = acceleration due to gravity

In deep water where d = %l, ) 3I—d = 7 and the hyperboli¢ tangent approaches 1, the speed ¢, in

m/s, is then approximately 1.25 v'4  where | is measures in meters.

The energy density per unit area of regular sinusoidal waves depends on the water density r,
gravity acceleration g and the wave height H (which is equal to twice the amplitude ,a) and it is
given by

_1 2 - E 2
= el =2pga (@)

Thus this is the energy transmitted to the dam surface from where the force acting on the dam
surface can be obtained.

3. PRESENT CONSIDERATION

In the analysis of ad am under vibration, there can be one degree of freedom, two degrees of
freedom or more. Also the vibration can be free or forced and can be damped or undamped. In
this consideration however, one and two degrees of freedom and free vibration and undamped
systems are discussed.

3.1 One degree of freedom-
Dams are gravity retaining walls and in design are treated as a cantilever beam and derives its
stability from its self weight . One degree of freedom is one point of load as shown in Fig 2 .

: STTIT7 7

Fig 2. Schematic diagram of the dam and the dynamic forces with one degrees of freedom
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The equation of equilibrium is given as

KX+ DX +ME = F() 3)
For free vibration F(t) =0 and eq (3) becomes
KX+DX+ME=0 4

In equation 3 and 4 above, K is the stiffness, D is the damping coefficient and M is the mass.

X, X, and X are displacement, velocity and acceleration respectively , and,
dx

el = it .
x w velocity 5)
¥==3 =acceleration (6)

The dynamic force F(t) for a particular wave can be sinusoidal e.g.
F(t) = F sin(w — @) (@)
F(t)= F when sin(w — ¢} =1

The displacement equation is
x(t) = T sin(w — @) 8)

3.2 Solution of equilibrium equation
Thus eq 4b is now an homogenous differential equation  and after solving, the expression for
displacement becomes

xc,+nxc

G m] ©

x= g [xocos et +——2

Where X, is displacement at time t = 0
And for undamped system, n=0and D=0

= [xecos wt—i—%sm wt] (10)

Flexibility coefficient: For a cantilever system loaded at the free end, deflection due to unit load
is the flexibility coef ficient f = L

3’
Therefore stiffness k becomes

_ &

1

k=it an
Other basic expressions where k is usable are

W' =% andf=2 (12)

By choosing various values of time t, the peak displacement (X maximum) Can be obtained. Oncs
the maximum x is k nown, the equivalent force , shear and moments can be determined by statics.

3.3 Two degrees of freedom
In two degrees of freedom, the system has two points of application of loads, as shown below
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Fig 3. Schematic diagram of the dam and
the dynamic forces with two degrees of
freedom

() The equilibrium equation is

R et

[kn ku}
Kz kg

Where

k;; force corresponding to coordinate i due to a unit displacement of coordinate j.

¢;;= force corresponding to coordinate i due to a unit velocity of coordinate j.

m;; = force corresponding to coordinate i due to a unit acceleration of coordinate j.

and the forces resulting from the motion , that is inertia fii, damping fp; and elastic f; .

(i) Determination of physical quantities k, c and m

Stiffness k
Stiffness is the force developed in a structure when a unit displacement corresponding to one
degree of freedom is introduced and no other nodal displacements are permitted. Flexibility
the deflection at a point due to unit load applied. In many cases , the most convenient procedure
for obtaining the stiffness matrix is direct evaluation of the flexibility coefficients and inversion
of the flexibility matrix.
For the Fig 4 the flexibi lity coefficient is obtained as follow . Let the unit forces be applied at

points 1 and 2 respectively, as shown in the figure ;
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Fig 4: Demonstration for flexibility coefficient for dam
displacement at two points

The flexibility coefficient is f= ;11 ?2 and the stiffness coefficient is
21 Ja

el B

Evaluation of damping coefficient ¢

It is usually not feasible to deter
generalized damping expression. Fo
evaluated directly by experimental methods.

Damping effect.

s difficult. However, provision of a plat form at the base has been

5 [Dunger]1978]. Such system will dissipate energyinthe form of
radiation dampinginto the foundation and thus reduce the amplitude and frequency of vibration wis=
time. As stated earlier theoretical method for obtaining the valye of the damping coefficient is not yet
available and experimental approach must be used. Apart from this structures are usually dampes
naturally as long as there is air and even water. But for simplification purposes all these are ustaliy
ignoredin analysis. '

==z (17
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External loading

The most direct means of determining the effective nodal forces generated by loads distri‘buted
between the nodes is by application of the principle of simple statics, that is the nodal forces are
defined as a set of concentrated loads which are statically equivalent to the distributed loading.

4. DETERMINATION OF EQUATION OF MOTION
The equation of motion gives the vibration shape. It is stated [Clough and Penzien 1975] thatany =
shape may be selected which satisfies the geometric boundary condition of the beam. However the
true vibration shape will yield the lowest frequency obtainable by Rayleigh's method.

5. MATERIAL AND CONSTRUCTION METHODS:

Adam may be composed of compressed core material with concrete overlay as shownin Fig6.The core
is usually earth which with time is able to consolidate and thus create space between the two contact
surfaces. In this case the concrete overlay which is not originally reinforced will suffer some stresses
which the earth would have carried. This will lead to many cracks. Also the vibration is now felt more

than before by the thin concrete layer and the original design has been compromised as the effective

solution to this is grouting of cracks and flattening of slopes [Dahms, 2004]. Recognition of materials
susceptible to liquefaction and slumping would allow their removal before the construction of a dam.
Loose fine sand and silty sand in the foundation is susceptible to liquefaction. In addition ter going
over the top of a dam (over flow) would result in erosion to the surface and could lead to failure of the
dam, thus concrete overlay should be very strong. If design is good and the construction is poor, the
dam can fail.
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6. CONCLUSION

Dam design starts with static design and should be checked for dynamic loads. The design can be based
onone or two degrees of freedom as the higher the degree of freedom the more complicated is the
analysis. Also part of simplification is the assumption of free vibration and undamped system.
Provision for section in static design is usually sufficient to stabilise the dam but the problem of bad
construction and use of bad material can cause problems.
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Poor planning and under investment had created a huge generation and supply deficit over time,
despite poor routine maintenance for the existing hydro infrastructures. There is a heavy reliance on
public electricity supply in Nigeria, demand for electricity keep outstripping supply. In order to
augment supply, it is but obvious that a new approach and fresh initiatives to development of energy

producing resources and the implementation of developmental plans has to be accelerated, if vision
2020target is to be met.

The presidential steering committee on National Integrated Power Projects (NIPP) had stated in July
2009 that only 2500MW was being distributed, out of the 4500MW being generated while the total
installed energy capacity presently across the country is estimated at 6,021 MW. The projected
addition from National Integrated Power Project (NIPP) is estimated at 6,814 MW (ECN, 2007). As at
July 2009, Kainji was generating only 127mw from an installed capacity of 760mw, Jebba 225mw out of
540mw, Shiroro 242mw out of 600mw. With the power projections in 2010 estimated at 16,000mw,
the dream of meeting the nation's energy requirement still remains daunting as the present status of
less than 4,500MW is far from meeting basic national power demand requirement, even with recent
award of contract to push it to 6,000MW by December 2009. There is therefore the need to
incorporate the use of renewable energy sources such as hydropower as it enjoys several advantages
overother sources of electrical power.

The main advantages of hydropower include a high level of reliability, proven technology, high
efficiency, very low operating and maintenance cost, and the ability to easily adjust to load
fluctuations. Further more hydropower projects often provide flood control and recreational benefits.
Hydropower does not produce waste products that contribute to air quality problems, acid rain, and
greenhouse gases, it is a renewable resources that minimize the use of other fuels (oil, gas and coal).
With rising astronomical demand of electric power, increased environmental consciousness and the
need for improved agricultural goals, hydro facilities are being developed nationwide to augment,
reduce or eliminate dependence on fossil fuel facilities which are known to be major sources of
~ environmental pollutions.

The first hydro-power investigation of the river Niger, upstream of Jebba commenced in 1951, after
considering various economics potentials of the river Niger, the federal government in 1953 invited
NEDECO (Dutch Engineering firm and a British firms, Balfour Beatty to undertake prefeasibility studies
of the hydro project. The recommendation of which led to the establishment of Niger Dam Authority in
1962, the construction of Kainji dam, commenced in may 1963 and final commissioning by February
15" 1969.Kainji plant started with electricity generation of 717MW in 1972 and move to about
1,600MW in 1999.

The establishment of National Centre for Hydropower Research and Development under the auspices
of Energy Commission of Nigeria is coming after 39years of commissioning the first hydropower
station in Nigeria. This centre no doubt will fast track the development of hydropower technical
capabilities now and in the future. It is on this note that this seminar is being organized as to look at the
various resources needed for successful planning, development, operations and management of
hydropower facilitiés.

Prof.B.F.Sule, Ph.D, FNSE
Director





