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Abstract: The analysis of the double arch concrete dams is accurate when their models be properly prepared
and analyzed by three dimensional finite element. In this research, the double curvature concrete Bakhtiari dam
is analyzed with the use of three dimensional finite element method. To this end, the program ADSHAPE which
can model all kinds of dam’s body is encoded in the MATLAB program. Then, its output was given to encoded
AD ANALYSIS program which can analyze three dimensional finite element dam body. For the accuracy and
calibration of the program, the model cantilever beam with definite result was employed. This method was
employed to analyze all kinds of elements with different element’s size and Gussian points and the results are
compared with each other. The effect of charges of elements and Gussian points in the results was considered.
Then, Bakhtiari dam is analyzed with regard to proper principle of mesh generation and accurate model and
stress and deformations are studied. The results showed the acceptable accuracy of coded programs in
modeling and three dimensional finite element analysis of Bakhtiari dam.
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INTRODUCTION Wasserman et al. [5]. used isoparametric eight node

Numerical modeling of  concrete  arch  dams  is  one [6]. performed reliability analysis of arch dams by
of  the most  complex   civil   engineering   problems. Wassermann method and by using a greater degree of
Dams analysis requires accurate modeling of the body. meshing. Professor Taylor is also Presented the FEAP
Among the various numerical methods, finite element as program for the analysis of finite element [7].
a new and growing method in engineering science, is A  concrete  dam,  as  a  hydraulic  structure is
expanding. In this way, because the structure is divided always influenced by external  forces  or  other factors
into very small components, analysis of any phenomenon such as temperature changes, which can cause
(Changes in shape and characteristics), from one point to deformation  of  the  dam  geometry.  This  deformation
another point will be possible. And very high accuracy will  occur,  with internal tensions and the anchor
can be obtained in response [1]. For the first time the finite reactions  [8].   The   main   purpose  of  the  analysis  of
element method, was used in 1943 AD by Courant [2]. a  concrete  dam  by  using  finite   element  code,

Zienkiewicz and cheung et al [3]. presented a paper determine   stresses    and    deformation   in  different
on the context of an arch dam, by the finite element parts of  dam  [9].  It  should  also  be  noted  that,  the
method and compared it with finite difference method. finite element analysis of arch dams is an acceptable
Zienkiewicz and cheung in 1967, wrote the first book method only if they are analyzed by a three-dimensional
about the finite element [4]. method [10].

meshing, to modeling a two-arch dam.Yao and Choi et al.



2
2(6 3 ) (2 )

6 4x
P Du L x x y
EI

  
= − − + + −  

    

World Appl. Sci. J., 19 (8): 1194-1201, 2012

1195

In the finite element analysis, the results  change, Determining the shape functions and Jacobian matrix
with changes in the size of the elements and the number and calculating the inverse and determinants of
of Gaussian points. Major programs used to analyze finite Jacobian matrix and derivatives of shape’s functions,
element method are not specifically prepared for the by using the corresponding subprograms.
analysis of dams. This program are general and have a formation, matrix strain, based on derivatives of
very high volume. And in modeling, they are not able to shape functions. Formation of the elements stiffness
mesh well multi stages construction of dam body. (due to matrix for each integration point based on the total
construction joints). amount of strain matrix, weight matrix, matrix of

Programs that are written specifically for the analysis material properties and other components for every
of dams, mainly can be two-dimensional analysis and can integration point.
rarely analyze three-dimensional finite element code. Use of stiffness and force matrices of each elements
Therefore, writing the program with a suitable volume to form a force vector and stiffness matrix for the
(With high functionality of modeling node to node, which whole system and applying boundary conditions by
can be upgraded and is complete) and specifically for the using the fine method.
analysis of dam by three-dimensional finite element Solving the system equation and determining the
method is essential. displacement and strain, obtained using previous

In this study, the under construction double arched Locations change and determining Tensions by
concrete Bakhtiari dam, which is the world's highest arch using strains and the matrix material behavior.
dam is analyzed. MATLAB [11] program was used to
analyze the data. Calibration Coded Program and Review of the Gaussian

MATERIALS AND METHODS numerical method and consequently its codes to solve

Analysis of three-Dimensional Finite Element by Coded calibrate the problems by the methods which have
Program: For structural analysis of three-dimensional Specific analytical solutions. For this goal, a model of
finite elements, a program was encoded, which can do cantilever beam was analyzed by coded program, to check
three-dimensional analysis step by step. In this  study, the accuracy of analysis.
the method of minimum energy was used to consider the Additionally, in this stage, the effects of the points
boundary conditions. Also, to solve Integral equations, on the results were analyzed and investigated. Such
Gaussian integration method was used. important and influential factors in the analysis are as

The main stages of the analysis are as follows: background and the number of Gaussian points. As is
Calling   the     desired     geometry     of    the   dam clear from Fig. 1 the end of the cantilever beam is affected
(or structure), which includes the following by the parabolic force.
parameters: nodes, their coordinates, the elements For this Cantilever beam, accurate response is
and nodes in each of the elements, definition the type obtained as follows (Timoskenko and Goodier ) [12]:
of elements, degrees of freedom, material properties
and the number of Gaussian points.
Calling the boundary conditions of the dam, includes (1)
the following parameters: the anchor, hydrostatic
forces, other forces and boundary nodes. Shift in direction x
Defining the initial values for the matrices of force,
displacement,  stiffness,  material  behavior, strain
and stress.
Defining the coordinates and the weight matrix of
Gaussian points and the matrix of behavior of matter
and forming a loop for each of the elements and the
integration points (Gaussian). Fig. 1: Cantilever beam under a parabolic force

Points and the Size of Elements: in order to apply a

solid mechanics problems, it is necessary, at first, to

follows: the number of nodal points, network integration
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(2)

Shift in direction y

 = 0 (3) Fig. 2: Model built for analyzing the cantilever beam, byy

(4)

Stress in the X, Y

(5)

Shear stress
Moment of inertia for rectangular cross-section per

unit width is  and, force distribution in the

Cantilever beam is presented as equation .

For this problem, Fig. 2 was generated with a
computer model to investigate results in different modes.
In choosing a kind of element, it must be ensured that its
results with the smaller size of elements, do not lose their
convergence.

The method which is specially designed for this
purpose controls a problem with  definite  solutions.
Then, the results were checked, by finite element method
(with increasing and decreasing the number of elements,
nodes and the Gaussian points).

The results of the Fig. 3 to 6 showed that proper
balance  should   be   established  between  the  number
of  Gaussian   points   and   elements.   This  means  that
to  achieve  an acceptable answer, the number of
Gaussian  points (the amount required) should also be
proportionally   increased   with   the   number of
elements. Since, the large  number  of  elements  with low
Gaussian distribution and also a large number of
Gaussian points with a low number of elements, do not
provide accurate results. This issue is more sensitive
about the tensions and to get better results must be
necessarily considered smaller elements.

Bakhtiyari dam and its power plant will be located on
the Bakhtiari river, that is one of the major branches of
Dez River. Bakhtiari Dam is assumed to be the longest
double concrete arch dam in the  world,  with  a  height  of

three-dimensional finite element method

Fig. 3: Vertical shift in the mid-line

Fig. 4: Normal stress distribution ( xx) in the Middle of
mid-line of cantilever beam(x=L/2)

Fig. 5: Normal stress distribution ( yy) in the Middle of
mid-line of cantilever beam(x=L/2)

315 m. The Dam, will be located in the Zagros mountains,
at distances of 100 km to Doroud city, in Lorestan
province in iran.
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Fig. 6: Shear stress distribution ( xy) in the Middle of
mid-line of cantilever beam (x=L/2)

Fig. 7: Central cantilever of Bakhtiari Dam

Some features of this dam has been tabulated in
Table 1 and Fig. 7 shows the central cantilever.

To solve this example, eight node elements are used
(in applications built) with regard to two layers of
elements, in the dam section, which is the minimum
amount needed for the size and number of elements.

In this example, since the analysis is static, a few
layers of elements in the foundation, was sufficient to
consider elastic property. In this example, the linear elastic
behavior and features of homogeneous and isotropic
materials, for the concrete have been adopted.

The values of parameters based on previous
experiences, Dez and Karoon 3 dam [13] and a range of
required concrete resistance (25-40 MPa) are assumed.
Direct compressive resistance is f'c = 33(Mpa) and direct
tensile strength is .

Table 1: Properties of concrete used for Bakhtiari dam

Modulus of Coefficient of Thermal

elasticity Poisson Gravity thermal expansion conductivity

(Gpa) (–) (KN/m3) (I/°C) (kJ/mday°C)

E v k

24 0.18 24 1×10-5 220

180-days modulus of elasticity is considered

Table 2: Geotechnical parameters and elastic features of rock mass

Density (gr/cm )3

Modulus of Adhesion Friction Poisson -------------------------

deformation Gpa Mpa angle (degrees) coefficient Saturation Dry

15 0.4-0.7 35-45 0.26 2.66-2.68 2.66-2.65

Table 3: Different levels of water in the tank

Minimum Normal Probable maximum

level (LWL) level (FWL) flood (PMF)

Meters above sea level. Meters above sea level. Meters above sea level.

793 830 841.5

Geotechnical and geo-mechanical properties of rock
masses constituted the dam axis, have been concluded,
from Mechanical engineering and geological rock studies.
These studies have been classified based on methods
such as RMR, PGC, failure criteria Hook and Brown low.
These rocks are composed of limestone of Bangestan
Group,  has   geotechnical  parameters  which  are in
Table 2. The allowable bearing capacity of the normal load
for the rock mass, 7 to 9 MPa is considered.

Saturated sediment load on the dam body, as a fluid
with a density equal their weight is applied. According to
Table 3, elevation sediment weight is assumed to be 650
m above sea level and 3.6 kN m3.

RESULT AND DISCUSSION

Bakhtiari Dam Model: In this study, the various methods
of Interpolation points, were studied to determine the best
accurate method for Interpolation midpoints of dam body.
The Interpolation methods studied for this  purpose  are
as follows: nearest-linear-spline-pchip-cubic-v5 cubic.
These methods which are available in MATLAB program.
are also reliable and advanced Interpolation methods.

To evaluate the performance of these methods, two
sections of the dam with known properties and points
were removed and with respect to other known sections,
by this program, we found the points in these two
removed sections. Results showed that, among these
methods,  spline method performed the best Interpolation.



World Appl. Sci. J., 19 (8): 1194-1201, 2012

1198

Interpolation points obtained from spline method, were
very close to reality and have the best accuracy.
Therefore, this method is selected, for Interpolation points
(to create the dam geometry and mesh generation).

Results of this study show approximately that, Spline
method, generally in the modeling of the dam body, offers
more accurate answers than other methods of
Interpolation. To determine the distances of points,
attention  should   be   paid   to   proper   principle of
mesh generation. Created mesh should properly obey.
The classified blocks of the dam and shape of cantilevers.
The smaller the size of mesh, the more accurate the
analysis will be, But, it causes the volume of inputs data
to increase. Thus the number of elements must be
optimized.

Corresponding levels with layering elements in
height, are determined based on concrete dam body
Construction (which is done as a multi-stage). Each layer
elements level, specifies the height difference between
injected blocks and not injected blocks. And its height is
equal to 2 or 3 blocks together, which are injected
simultaneously.

With regard to the point that, the opening of joints is Fig. 8: Model built dam Bakhtiari
the function of the amount of thermal stress and applied
temperature difference, the desired layer levels, are also dam was bisected and nodes location  were  identified.
affected at intervals of contraction joints in the dam body. The distance between the node points, is the  same  area
Typically, the contraction joints are constructed at of elements.  In  this analysis, the number of elements
intervals of 15 meters of each other. But, it is possible that 1520  and nodes  2457,  were  considered  in the dam
their distances change they may be affected by some body. To consider the dam foundation as the elastic
parts of the dam, such as dischargers or follow Penn stock fulcrum, some elements were added  in  the  foundation.
or irregularity of the foundation and If the block width is To consider the elastic influence of  the  foundation as
less than 10 meters, to open the joint for injection, it is the fulcrum in accordance with rock properties in Table 2
necessary to decline temperatures  considerably. in the analysis.
However, this reduction should be proportional to the
allowable temperature range. Therefore we can say that Uploading Model: In this study, loads over dam can be
the actual ratio of length to width of the block, about two considered  static  and the heighest water level is
or less is desirable. Elements must also be considered assumed for analysis, that is  an  unusual  case of
almost with the same ratio. Because if they get bigger or loading. Weight of dam body Load, sediment and other
much smaller, (and formation single matrices) may be static loads over the dam, in accordance with
reduced the accuracy of answers. specifications of dam, (previously introduced) has been

To determine the number of element layer in the entered in the analysis.
thickness of the dam body, in addition to consider the
effect of increase the accuracy of finite element model Double Concrete Arch Dam Bakhtiari Analysis and
should also be considered a longitudinal contraction Discussion: After calling the dam geometry coded
joints, for bending and scaling behavior of a dam ADSHAPE, the dam model built in this program and is
(especially in thin areas). given as input to the coded program AD  ANALYSIS.

In this study after reviewing the  above  mentioned This program will perform the operation of structural
for  mesh   size   and   construction  of  the  dam  model, Analysis and shows as output offers all the stresses and
the height of elements about 10 meters and the width strains of the Gaussian points and changes the locations
about 20  meters  were   determined.   Then,   thickness   of of nodes.
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Fig. 9: Stress in the downstream section of X Fig. 13: Stress in the downstream section of Z

Fig. 10: Stress in the upstream section of X Fig. 14: Stress in the upstream section of Z

Fig. 11: Stress in the downstream section of Y Fig. 15: Total movement in the upstream section

Fig. 12: Stress in the upstream section of Y tension shapes in the upstream and downstream sections,

As can be seen in Fig. 15 and 16, the maximum
displacement of the dam, is in the direction of water flow
and maximum displacement is in the z-axis (5.442  cm).
Also the maximum amount of displacement of the whole
body of the dam is 5.55 cm.

Results of stress analysis in forms Fig. 9 to 14
showed that in the upstream, the maximum compressive
stresses are entered. And the maximum tensile stress
occurred at the downstream side. Under this loads,
maximum stress in the upstream  and  minimum  stress
have arisen on the downstream side of dam. Also the



World Appl. Sci. J., 19 (8): 1194-1201, 2012

1200

Fig. 16: Total movement in the downstream section

Table 4: Comparison of maximum stresses obtained from the analysis, the
allowable stress (kg/cm2)

Allowable value
Side Tension x y z USBR[14]
Up stream tensile 8.21 8.77 4.45 15

pressure 34.46 39.26 72.95 160
Down stream tensile 9.56 11.75 7.85 15

pressure 45.35 18.56 42.02 160

in the direction of z (which is direction of water treatment
to dam body) as well as show that stresses transfer from
the dam body to the fulcrum. On upstream side at the
opposite of flow, the maximum compressive stress are in
the lower of body (because the maximum pressure of
water and sediment is in this area).

As the Investigation performance of coded program
for  analyzing  double-arched  concrete  dam  is  one  of
the objectives  of  this  study,  the  obtained  results of
the maximum stresses, were compared with allowable
stress values in the Table 4. As seen, the stresses value
of the dam body are acceptable [14].

According to records of previous studies on dams
and numerical output of this analysis and the range of
stresses and deflections, significant changes can not be
observed. and the shape and amplitude of stress changes
and displacements, for a double-arch dam, with acceptable
reliability coefficients are obtained. Also the range of
movement is low. Therefore the results of this analysis
show, a correct functioning of this coded program in the
analysis of the dam body.

CONCLUSIONS

Three-dimensional finite element coded were used in
this study to analyze the double-arched  concrete  dam.
At first the accuracy and calibration of the program, the
model cantilever beam with definite result is employed.
And  the   results   of   this   analysis  will  ensure  program

correctness. Also the accuracy of the method, with
different elementation and different Gaussian points were
compared and verified, to prevent making errors in the
numerical method used. Then, the concrete double-
arched dam Bakhtiari after the introduction of effective
parameters in structural analysis, were analyzed.
Structural analysis of dam, is based on determination
location of the Gaussian points and updating the position
of nodes in each stage of analysis. The results of this
analysis was evaluated to verify the accuracy of the
coded program.

Briefly, the results of this study are as follows:
AD SHAPE, is an efficient program to model dam

structure. And its points operation feature, helped to
make cubic elements, with the different nodes and
meshes, while this is a problem in commercial applications
such as ANSYS [15]. And their use have been possible
when the layers of elements along, from top to bottom of
dam body.

The consideration of two or three layers of elements,
in thickness of a concrete block of a cantilever and about
10 to 15 meters in height, will follow acceptable results
Attention should be paid that. Mesh generation layout,
obey the shape of the blocks and cantilevers.
 According to the cantilever beam analysis, accuracy was
defined by written codes. and results of Bakhtiari Dam
analysis by encoded AD ANALYSIS program, are in the
allowable range and valid. According to this study the
maximum stress were obtained in the middle and lower
parts of the upstream face and the minimum stress were
obtained in downstream face of the dam. Also the
maximum values of pressure and tension were obtained,
respectively in upstream and downstream face of dam.

The large number of elements with low Gaussian
points distribution and also a large number of Gaussian
points, with low-density of elements in the analysis do
not provide accurate results. Creating too small elements,
in addition to increased risk of formation single matrices,
cause to dramatically increase the analysis time.

Results of this study  show,  Spline  method,
generally in the modeling of the dam body, offers more
accurate  answers  than other methods of Interpolation.
To determine the number of element layer in the thickness
of the dam body, in addition to consider the effect of
increasing the accuracy of finite element model a
longitudinal contraction joints should also be considered,
for bending and scaling behavior of  a  dam.  Operating
the programs  resulted  of  this  research,  to other dams
or structures is easy. To model any structure, some
modifications are necessary in the analysis.
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