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Simplified three-dimensional analysis of concrete
gravity dams
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ABSTRACT

A new progedLire.as developed for the analysis of concrete gravity dams. This proced h

lity of mc!udmg the three dimensional effect with the simplicif of g t ”'rwlet =
dgmensional ana'!y's:s. The effect of the adjacent monoliths is represented by inter?action s.gsf;ffo _:VO
The results of this new gpproach were compared to that of a typical three dimensional anial fisré?\;
high accuracy was ob;amed_ The main advantage of this procedure is the com[:;uter cost sav\{r: and
the simplicity of dealing with beam elements as well as including the interaction of the adj{?acent

monoliths during the ground motion.

the capab!

INTRODUCTION

+v of catastrofic failure of concrete gravity dams due to earthquakes presents a
hazard for life as well as substantial economic losses in seismically active regions. Existing dams were
designed using the equivalent static method which neglects the dynamic properties of the dam and
the exciting ground notion. Most of the previous studies on gravity dams used a two dimensional
planar model to represent the structure (Chopra 1980 and 1984). Such a two dimensional analysis of
the dam is based on the assumption that during an earthquake the expansion joints fail and the
Honoliths vibrate independently. However, this is not the case in most of the gravity dams where
keyed expansion joints between the monoliths are used. A three dimensional analysis of the dam
neglecting the expansion joints and simplifying the dam geometry as d rectangular cross- section was
performed by Rashed (1985). He indicates that a reduction up to 50% of the response Over the two
dimensional analysis could be obtained depending on the length/height ratio of the dam. Although
many approximations have been ~troduced in the study, it shows the importance of the third
dimension of the dam structure. As the traditional three dimensional analysis of dams, based on the
theory of elasticity, is expensive and practically impossible to manage, a new approximate model
needs to be developed. This model should save time and effort and at the same time gives reliable

results.

mber of monoliths (about 15 m wide each)

built across the river and separated by expansion joints. These monoliths are fixed at the ground and
| the type of the expansion joint usea
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ANALYSIS PROCEDURE

A concrete gravity dam is normally constructed with joints in order to prevent
longitudinal cracks caused by chemical or thermal contraction of concrete and to faci
construction work. As each monolith has its own vibration characteristics, they tend to vih,-
different manners. As a result, the motion of the dam may become discontinuous at e Drd‘f-‘:‘:_ n
causing the water stop plate to break. In order to prevent discontinuous movemen?: g
adjacent mqno!ithsf keys are introduced at the joint between the monoliths. K .t
purpose of distributing the stresses in the concrete three dimensionally, '
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The simplified procedure introduced in this study considers all the monoli

axis. Each monolith is represented by an equivalent cantilever S S0 the dan
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s the equivaient moment of inertia tor the connecting beams
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< the length Ot the connecting beams
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- s the moduius O} asticity of concrete

E.-} s the shear modulus of concrete

f + 'S tht? [ef“:{;]i!"‘t C}f r".f"-.ca-f‘*:cﬂ%f_f"a

hl <« the moment of 1r_"n;}rt'td Oof the monohith
& i the shear area of the monolith

'« developed based on equating the lateral deformations within the monolith to

¢ a cantilever beam with concentrated load at the edge. The purpose of allowing for such
the longitudinal deflection behaviour of the dam. In fact, as shear forces

to simulate
each monolith, it is expected that some longitudinal deformations will

This formuia
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geveral methods are ava lable for including the hydrodynamic effects in the dynamic response
. ~f concrete gravity dams The equivalent static method, developed by Westergaad's (1933) is
vhe simple method available. However, this method underestimates the hydrodynamic forces on the
;3:'*1 15 it neglects the water compressibility and dam flexibility. Another method is to model the fluid
ssing @ continuum approach or a finite element approach. For the purpose of this study, an
< used to simulate the hydrodynamic etfects considering the horizontal
n this method the effect of the fluid interaction 1s

appro

imate technique

-oamponent of an earthquake [Chopra, (1978)].

;.-55;.::-1*-.-:3& +o be the same as added masses on the upstream face of the dam. The main advantages gf

+hic method are the saving in calculation time and effort and the fact that no special programming 15

: The main assumption in this approach is that the response of the dam will be mainly due to
'3l mode of vibration. This is 3 realistic assumption as the concrete gravity dams are

needed

splacement finite element formulation

ure uses a di |
ions of motion of the system

The dynamic analysis proced
ydrodynamic effects. The equat

with added masses 10 approximate the h

(M*]V + [Cly + [K]y = [M][R]ug + Bm (2)

L

.:,-.#_.1-'1 - [M] + [Ma] (3)
Where, |
M1, [C] and [K] are the mass, damping and stiffness matrces of the dam
’ is the veClor Qf nc}dal d%splafzemems
R] < the influence matrix for the ground motion components.
= < the vector of ground acceleration
:‘j’a’ . the added mass matrix |
(s fundamental natural circular frequency of dam without water
R < the vector of shear forces transmitted through expansion joints
The added mass representing the hydrodynamic effects are estimated by the formula:
(4)

P(y, w)
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A = [(2n— Dny2H

n
e of vibration of the dam without wate,

fthe fundamental mod

- The velocity

H - Water depth

- Gravity acceleration |
3 y represent the longitudinal and the vert!

amping ratio for the equivalent system should be modified according to the f..

cal spatial coordinates, respectively

wir

The d
formula:
mS
ga
W

Because the dam - reservoir interaction lowers the fundamental natura| vibration freq,
of the dam, w;, the damping ratio for the equivalent system & is less than the damping rat; g
dam alone (Chopra, 1978). 9§ Tor the

DISCUSSION OF RESULTS

aditiong] : Structure with di
three dupensional finite erefer::z: H1/H; ratios evaluated by the new
a

The case H uracy of
IHy < the fi - | .
through thL. ei aoioirepfesents a un;r;;: 've Modes €valuated p th na.'y Sls_a're summarized in table (1)
However mcre:;)s,',?;":: Joints ag th ™ soil profile Under thﬁ € Simplified procedure, S.P., is high
am, | e tted
H + 1.€. NO shear forces transmitted



a part of testing the new procedure the displacements at different points of the crest are compared
The BT Ronias component of the Taft ground motion is used in this study thurésw{ 3:} (-4} 1rr'i f':'i;) 'hrn
the time history of the maximum displacements evaluated by the new Dmcedu;; ar%d;ﬂ;a ::-r:s:}r
-elative to the traditional three dimensional analysis for the cases Hy/H; = 0.0, 0.25 and 0.5
FESPEUWQIV' A reasonable agreement between the two aDDroache; 1S Gb;er-}ed m ?JH;

aforementioned figures.

Figure (6) shows the maximum displacement profile for the dam crest evaluated by the two
procedures for the case Hy/H; = 1.0. Good accuracy is achieved using the new procedure (Qmpgrpa
to the three dimensional finite element. Figure (7) shows the same relation for the case Hy/H, = 0 5
1t is noted that the results start diverging somewhat as the ratio Hy/H; increases. For practical purpdsé

the observed accuracy is considered acceptable as the ratio H{/H> normally does not exceed 0.5.

CONCLUSIONS

A new cost-effective procedure for the analysis of concrete gravity dams including the
.~teraction effects of monoliths, is introduced. The procedure is simple, powerful and is
demonstrated to give high accuracy compared to typical three dimensional analysis. As a result of this
simplification, other parameters which have not been considered before, such as soil profile under
the dam, the change of ground motion along the dam axis and the type of the expansion joint used in

the analysis can be studied.
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