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Abstract
The analysis of a stress distribution is a complex issue in the case of conventional concrete gravity dam.The gravity force
is one of the major concern in the case of conventional vibrated concrete dams since it carries the induced stresses
during the construction phase and the following cooling period. Structural analysis plays an important role and design
of conventional Vibrated concrete. In view of the relatively lesser and scanty research work in case of the conventional
vibrated mass concrete, especially in tropical country like India, the comprehensive work into spatial stress distribution
into mass concrete is undertaken as a part of this research work. This paper presents the limited study in this regard. The
two-dimensional finite element models are developed using ANSYS are developed. These models are used in the analysis
to predict the structural response with respect to varying parameters. The present study elaborates the preliminary work
of the problem under consideration.

Keywords: conventional vibrated concrete (CVC); stress distribution; finite element modelling; Von Mises Stress
(SEQV); Construction phase; structural response.

INTRODUCTION

Gravity dams are the solid mass concrete structures that maintain their stability against design loads from a
geometric shape, mass and strength of concrete. When suitable conditions are available, such dams can be
constructed up to great heights. The ratio of base width to height of a gravity dams is generally less than 1:1.
The weight of the Dam and its foundation is the major resisting force. In two-dimensional analysis of a gravity
dam, the Cross section can be divided into rectangles and triangles. The resultant of all the downward forces
will represent the total weight of the Dam acting at the center of gravity of the Dam. The mass concrete uses
huge amount of cement content; therefore, it is necessary to investigate Stress distribution in the mass
concrete so that it is beneficial for the economical use of various content to be used in mass concrete, in view
of large cross sectional areas involved.Structural design of structures to be constructed using conventional
concrete is a complicated activity since the structural stresses poses complexity in the problem. Structural
analysis plays an important role in the structural design.

In this paper work is described an investigation of the stress distribution within the cross section of a gravity
dam. The analysis was performed using ANSYS the finite element based software. The principal purpose of
the study is to determine the effect on the stress distribution, due to increments in dead load with respect to a
stage construction. This paper presents the analysis of Stage -1. The foundation material is assumed to be
isotropically Elastic. Results of the studies are presented graphically in the form of stress contours.
Although, the results show that the definite stress concentrations, for different stress criterion at different
location of the section.

Development of model
The finite element method (FEM) has become a staple for predicting and simulating the physical behavior of
complex engineering systems. In the present work, the FEM is applied using commercial software ANSYS
(version15.0). The analysis considered some of the simplifying assumptions related to factors that are
expected to affect the stress distribution.The CVC dam is taken as to be constructed in 114 layers; each layer
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is taken as 0.9 m high and constructed in 1.5 days’ time. Therefore, the element size of 0.9 m is selected to
simulate the concrete layer in 2-D structural analysis by considering the analysis time required and the
available computer capabilities.The analysis is carried out considering plain-strain linear elastic behavior,
simplified soil structure interaction entailing elastic foundation and a uniform and homogenous foundation, a
uniform placement temperature for each analysis; and a uniform convection coefficient to all layers. Linear
stress analysis is assumed in the present study; that is the relation between loads and the induced response is
linear.

Figure 1Geometry of Dam section.

Figure 1 shows the geometry of dam section. It has the maximum height of 102.4 m of non-overflow (NOF)
section above the deepest foundation level.The two-dimensional (2-D) model is discretized with SOLID 185
element. This element has eight nodes

Loading considered for the structural analysis
The gravity load due to the self-weight of each new concrete lift for the respective construction stages are
incrementally added according to the level specified in the placement schedule till completion.

The main body of the dam is modelled using plain strain elements. A standard lift of 12 m height (simulating
14 layers each of 0.9 m) is adopted in 2-D structural analysis. This resulted in total of 10 lifts to reach the top
portion of the dam, i.e., EL 287.400 m.

By default, the program uses one sub step per load step. The total analysis time is divided into several sub
steps. Here the number of sub steps equal to number of concrete layers placed during the analysis period is
adopted.

The nodal forces evaluated for the structural analysis are shown in table 1. This forces are then used as an
input for the 2-D analysis model with elevation of datum as 189m.

Table 1No. of nodes and Nodal forces for 2-D Structural Analysis.

STAGE
HEIGHT OF DAM
ABOVE DATUM

NO. OF
NODES

ELEMENT SIZE (LIFT
HEIGHT) (m)

NO. OF
SUBSTEPS

NODAL FORCE
(ƩV) (N)

1 201.6 33459 0.9 14 -762.2
3 220.5 81588 0.9 14 -700.21
5 241.2 87977 0.9 14 -947.77
7 261.9 140259 0.9 14 -720.521
10 291.6 160731 0.9 14 -734.47
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RESULTS AND DISCUSSIONS
The stress components in each element and the displacement components of each nodal point, which were
calculated by the digital computer comprised of hundreds of pages and therefore, that are not established in
the report, which constituted the direct results of the analysis procedure. i.e., the mass of numerical data was
too bulky to be digested readily in this form, and a considerable effort was expended in representing the most
significant of the data in graphical plots.

From the study of the distribution of the Von Mises stress (SEQV) contours, it shows a slight tendency toward
stress concentration is evident at the heel of the dam (the expected effect of foundation elasticity). The shear
stress distribution across the base for this simple dead load condition merely represents the resistance provided
by the foundation rock to the Poisson's ratio expansion tendencies in the concrete. The principal stress plots
show that tensile stress is developed at the end of toe slab and heel slab, of course, the gravity load is
concentrated at thick middle section, in comparison of which the toe slab and heel slab are of thinner sections,
due to which they are get lifted at the end portions (acting nothing but as a cantilever), due to which tensile
stress gets developed at the specified region of the dam section. From the analysis data, it shows that the stress
varies from compressive in nature to tensile at the end of toe and heel slab.

In the stage I, i.e. of 12m height, and that the maximum compressive stress is found to be 251.129 kN/m2

(Von Mises stress condition) of course, at the bottom of the section. As one proceeds from bottom to top, of
course due to gravity loading effect, the compressive stresses go on decreasing from bottom to top. The
minimum compressive stress at the top of the section is found to be 0.16989 kN/m2 (Von Mises stress
condition). From the graph, it states that the Von Mises stress varies linearly from start to around 23m
(horizontal distance), then after it remains constant up to around 80m, and then after it go on decreasing
linearly to zero at the end.

The 1st principal stress contours suggests that the stresses remains constant throughout the section (as of
course in 2D representation) from bottom to top, as it indicated in the graph. By looking at the 2nd principal
stress criteria, it shows that the stress varies from compressive to tensile in nature at the end of cantilever slab,
i.e., at the end of the toe and heel slab. The maximum compressive stress found to be 0.13kN/m2,which is less
than 0.17 kN/m2 as in Von Mises stress condition, which is minimum in that case. The maximum tensile stress
found to be -46kN/m2 normally at the lower most part of the section.

From the study of the graph, it indicates that the stress is higher at the beginning of the toe slab, which is
tensile in nature as indicated, it goes on decreasing linearly at the junction of the toe slab and the main body of
the dam, attaining the lower most value. Then after again it goes on increasing linearly up to around 25m,
afterwards it remains constant, then again goes on decreasing linearly to zero from around 80m. At the end of
the heel slab, the stress varies from tensile to compressive in nature.

Figure 5 shows the stress contour for the displacement vector sum. By looking at the graphical plot, it states
that the displacement is nil at the bottom of the section and at the toe and heel slab, of course as it is subjected
to gravity loading only. The maximum displacement was found to be 7.58353mm at the top of the section.
The displacement at the central portion of the section is more as compare to the boundaries, as represented by
the graph. The graph indicates that the displacement varies linearly with horizontal distance up to 23m, then
after it remains constant up to 75m, after that it go on decreasing linearly to zero at the end.

Figure 2 Von Mises stress (SEQV) [Stage 1]
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Figure 31st Principal stress (S1) [Stage 1]

Figure 4 2nd Principal stress (S2) [Stage 1]

Figure Error! No text of specified style in document. Displacement Vector Sum (USUM) [Stage 1]
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Figure 6 Elastic strain (EPELX) [Stage 1]

Figure 7 Von Mises strain (EPELEQV) [Stage 1]

Figure 8 Variation of SEQV (Stress Contour) with horizontal distance (Stage 1)
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Figure 9 Variation of S1 (Stress Contour) with horizontal distance (Stage 1)

Figure 10 Variation of S2 (Stress Contour) with horizontal distance (Stage 1)

Figure 11 Variation of USUM (Stress Contour) with horizontal distance (Stage 1)
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Concluding Remarks
With the present work, it comes to know the behavior of the conventionally vibrated concrete dam under the
incremental staged loading and construction for different stress and strains parameters and variation of
displacement with respect to the dam geometry.

Although several rather significant stress concentrations might be associated with it, the magnitudes of the
total stresses were not excessive for the section geometry considered here. The principal stress concentration
zones were at the upper and lower ends of the section and at the toe and heel of the dam. To present work
needs to be accompanied by further work, which compromises of total 10 nos. of stages.
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