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Abstract— Gravity dams are solid structures that maintain 

their stability against design loads from the geometric shape, 

mass and strength of the concrete. The catastrophic 

consequences on life and property resulting from failure of 

large dams have led engineers to design and built these 

structures to resist failure with no or only minor damages. In 

this aspect, stability analysis plays a major role and hence the 

stability of dam has to be analyzed properly. The study 

focuses mainly on the formulation of time period for gravity 

dams. Each time it is not possible to calculate the natural time 

periods through modal analysis. In order to simplify the 

problem, a relation between natural time period, height and 

base width is formulated. Inorder to get emperical formula for 

natural time period, a family of concrete gravity dam with 

varying height, base-width and side slope is analyzed using 

finite element software ANSYS. Dams are modeled with 2-D 

plane strain elements. A regression analysis is carried out on 

the modal properties obtained from the finite element analysis 

in order to develop empirical relation between time period, 

height and base width. 
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I. INTRODUCTION 

A gravity dam has been defined as a structure which is 

designed in such a way that its own weight resists the external 

forces. It is a solid structure, made of concrete or masonry, 

constructed across a river to create a reservoir on its upstream. 

This type of a structure is most durable and solid, and requires 

very little maintenance. The section of the gravity dam is 

approximately triangular in shape, with its apex at its top and 

maximum width at bottom. The section is so proportioned 

that it resists the various forces acting on it by its own weight. 

It usually consist of two sections; namely, the non-overflow 

section and the overflow section or spillway section. These 

are particularly suited across gorges with very steep side 

slopes.  

However, concrete gravity dams are preferred these 

days and mostly constructed. The most ancient gravity, dam 

on record was built in Egypt more than 400 years B.C. of 

uncemented masonry. 

Gravity dam can be constructed with ease on any 

dam site, where there exists a natural foundation strong 

enough to bear the enormous weight of the dam. Such a dam 

is generally straight in plan, although sometimes, it may be 

slightly curve. When suitable conditions are available, such 

dams can be constructed up to great heights. The highest 

gravity dam in the world is Grand Dixence Dam in 

Switzerland (285m), followed by Bhakra Dam in India 

(226m); both are of concrete gravity type. 

Many concrete gravity dams have been in service for 

over 50 years. The identified causes of failure of gravity dams 

are failure of foundation or abutments, inadequate spillway 

capacity, spillway design error, poor construction, poor 

maintenance, extreme rainfall, uneven settlement, acts of war, 

human or computer design errors, embankment slips, 

landslides into reservoir, defective materials, incorrect 

operation ,earthquakes, etc. 

Each time it is not possible to calculate the natural time 

periods through modal analysis. In order to simplify the 

problem, a relation between natural time period, height and 

base width is formulated. 

II. FORMULATION OF TIME PERIOD FOR GRAVITY DAM 

A. General 

Inorder to get emperical formula for natural time period, a 

family of concrete gravity dam is selected. The dams that are 

taken into consideration are of varying depth and base width. 

The height, base width and top width of the selected dams are 

given in table shown below. 

Name of Dam Height 
Base 

Width 

Top 

Width 

Grand Dixence 

Dam 
285 m 200 m 15 m 

Bhakra Dam 226 m 403m 10 m 

Three Gorges Dam 181 m 115 m 40 m 

Guangzho Dam 200 m 410 m 20 m 

Boyabat Dam 195 m 59 m 10 m 

Dworshak Dam 219 m 193 m 13 m 

Table 1: 

B. Frequency and Time Period 

After analyzing the dams, the frequencies obtained are 

tabulated in table shown below. 

Name of 

Dam 

Frequencies 

1 2 3 4 5 6 

Grand 

Dixence 

Dam 

1.78 4.39 5.19 7.78 11.62 11.82 

Three 

Gorges 

Dam 

2.30 6.80 7.23 13.18 17.96 19.62 

Bhakra 

Dam 
3.19 5.85 6.65 9.98 10.80 12.59 

Guangzho 

Dam 
3.59 6.41 7.35 10.71 11.32 13.46 

Boyabat 

Dam 
1.28 4.13 7.38 8.46 13.72 17.66 

Dworshak 

Dam 
2.62 6.03 6.74 10.58 14.71 15.42 

Table 2: 

III. ESTIMATION OF NATURAL TIME PERIOD 

A. Relation between Dam Height and Time Period 

Each time it is not possible to calculate the natural time 

periods through modal analysis. In order to simplify the 

problem, a relation between natural time period, height and 
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base width is formulated. The time period for the selected 

dams is shown in the table given below. 

Name of Dam 
Time Period 

1 2 3 4 5 6 

Grand Dixence Dam 0.561798 0.22779 0.192678 0.128535 0.086059 0.084602 

Three Gorges 

Dam 
0.434783 0.147059 0.138313 0.075873 0.055679 0.050968 

Bhakra Dam 0.31348 0.17094 0.150376 0.1002 0.092593 0.079491 

Guangzho Dam 0.278552 0.156006 0.136054 0.093371 0.088339 0.074294 

Boyabat Dam 0.78125 0.242131 0.135501 0.118203 0.072886 0.056625 

Dworshak Dam 2.702703 1.282051 1.111111 0.769231 0.529101 0.510204 

Table 3:

Inorder to derive the relationship between height and 

time period, a plot between the dam height and time period is 

drawn as shown in figure- 3.1. 

 
Fig. 3.1: Plot between Height of Dam and Time Period 

It can be seen from the figure-3.1 that time period of 

dam increases with increase in height for a constant ratio of 

bottom width to height. Hence it can be concluded that 

fundamental time period of dam is function of its overall 

height. 

B. Relation between Base Width and Time Period 

Inorder to have the relationship between the base width and 

time period, a plot between the base width and time period is 

drawn as shown in figure-3.2. 

 
Fig. 3.2: Plot between Base Width and Time Period 

It can be seen from the figure-3.2 that the 1st mode 

period of the dam decreases with increase in base width. But 

in case of 2nd and 3rd mode period, the base width was found 

to have no influence. From this it can be concluded that 1st 

mode period depends on base width but other higher mode 

periods are independent of base width. 

IV. FORMULATION FOR NATURAL TIME PERIOD 

A regression analysis is carried out on the data obtained from 

the selected dams. From figures 3.1 and 3.2, it can be clearly 

seen that the first natural time period depends on height and 

base width of the dam. But in the case of second natural time 

period, it depends only on height of the dam. Thus the 

formula to calculate the first and second time period of a 

given by the eqn 1 and 2 respectively. 

T1 = 0.0028 h1.3 × b−0.35                        (4.1) 

T2 = 0.002 h0.86                                       (4.2) 

Where T1 is the first natural time period of the dam, 

T2 is the second natural time period of the dam, h is the height 

of the dam and b is the base width of the dam. 

V. COMPPARISON OF THEORETICAL AND SOFTWARE 

ANALYSIS FOR TIME PERIOD 

The actual period and the estimates periods obtained are 

shown in the table given below. 

Name of 

Dam 

Emperical Formula ANSYS 

T1 T2 T1 T2 

Grand 

Dixence 

Dam 

0.6809196 0.25834 0.561798 0.22779 

Three 

Gorges 

Dam 

0.458032 0.17484 0.434783 0.147059 

Bhakra 

Dam 
0.394132 0.211623 0.31348 0.17094 

Guangzho 

Dam 
0.334212 0.19051 0.278552 0.156006 

Boyabat 

Dam 
0.63739 0.186406 0.78125 0.242131 

Dworshak 

Dam 
0.489542 0.205937 0.381679 0.165837 

Chamera 

Dam 
0.600515 0.211623 0.205761 0.091827 

Inorder to check the accuracy of equation 1 and 2, a 

plot between the actual period and the estimated period is 

drawn. This plot is shown in figure.  
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Fig. 5.1: Plot between Actual Period and First Theoretical 

Period 

 
Fig. 5.2: Plot between Actual Period and Second Theoretical 

Period 

The actual period and the estimated period lies 

almost near to each other. This shows that the formula that 

has been derived in equation 4.1 and 4.2 give almost good 

result to real life problems. 

VI. RESULTS 

The objective of the present report was to develop an 

equivalent static method for seismic analysis of concrete 

gravity dam suitable for design office. It includes the method 

to calculate the fundamental period along the height of the 

dam.  A family of concrete gravity Dam is taken into account 

for the analysis. In order to simulate the problem to real life, 

a family of existing concrete gravity dam is taken for analysis. 

The 2D model of the Dam is analyzed using finite element 

analysis in commercial software ANSYS.  The modal 

parameters of the selected dam obtained from the analysis 

have been studied and an empirical formula has been 

proposed to calculate the natural time period through 

regression analysis.  
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