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ABSTRACT

Earthquake analysis and earthquake resistance design of dams is of major importance because of the
catastrophic consequences if such a structure is to fail. In India we don“t have any guidelines to take into
account the seismic load for the analysis of Dam. In the absence of any well-defined method, design offices
generally use an empirical method which does not consider the dynamic properties of dam and different
earthquake zone. This study is an attempt to develop guidelines to consider seismic force for the analysis of
concrete gravity dam. An equivalent static method for seismic design of concrete gravity dam is developed
considering the dynamic properties of the dam as well as different earthquake zones. For this to achieve, a
family of concrete gravity dam with varying height, base-width and side slope is analysed using finite
element software ANSYS. Dams are modelled with 2-D plane strain elements. Dynamic properties of all
the selected dams are evaluated. 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. The minimum number of modes that must be taken into for the analysis is decided by considering
the mass participation ratios. Design base shear is calculated by using the Design horizontal acceleration
spectrum value and Seismic weight of the building. A method is proposed to distribute the calculated base
shear over the height of the Dam.

Keywords: Concrete Gravity Dam, Earthquake analysis, Seismic load, ANSYS
Software, Base Shear, Spatial Distribution of Base Shear

INTRODUCTION

Basically, a concrete gravity dam is defined as a structure, which is designed in such a way that its own
weight resists the external forces. It is primarily the weight of a gravity dam which prevents it from
being overturned when subjected to the thrust of impounded water. This type of structure is durable and
requires very little maintenance. Gravity dams typically consist of a non-overflow section(s) and an
overflow section or spillway. The two general concrete construction methods for concrete gravity dams
are conventional placed mass concrete and RCC. Gravity dams, constructed in stone masonry, were
built even in ancient times, most often in Egypt, Greece, and the Roman Empire.

However, concrete gravity dams are preferred these days and mostly constructed. They 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
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be slightly curve. The line of the upstream face of the dam or the line of the crown of the dam if the
upstream face in sloping, is taken as the reference line for layout purposes, etc. and is known as the
“Base line of the Dam” or the “Axis of the Dam”. When suitable conditions are available, such dams
can be constructed up to great heights. The ratio of base width to height of high gravity dams is
generally less than 1:1. But the earlier dams are constructed with the ratio of about 1.5 to 3. This is due
to the low grade of concrete and low density of compaction achieved. Engineers in India must pay
special and careful attention to the problem of earthquake loading in the design and evaluation of
almost all permanent civil engineering structures. The significant effects caused by earthquakes on
dams are not only those directly related to the seismic motions but also those directly associated with
the ground displacement along the fault line. In the country with 5,100 large dams and 1,040 active
faults covering 57% of land mass making prone to earthquakes, there is always a possibility that a
severe earthquake in highly seismic zones might affect the performance of dam. However, analysing
dam for seismic forces is not a simple problem. Like all other structure, concrete gravity dam requires
nonlinear, dynamic and probabilistic study to evaluate the internal forces due to seismic loading.

It is not always possible to obtain rigorous mathematical solutions for engineering problem. In fact,
analytical solution can be obtained only for certain simplified situations. For the Problems involving
complex material properties, loading and boundary conditions, the engineer introduce assumptions and
idealization deemed necessary to make the problem mathematically manageable, but still capable of
providing sufficiently approximate solutions and the satisfactory results from point of view of safety
and economy. The link between the real physical system and the mathematically feasible solution is
provided by the mathematical model which is the symbolic designation for the substitute idealized
system including all the assumptions imposed on the physical problem.

Dynamic analysis of Buildings and Dams are very complex phenomena. In order to solve this complex
phenomenon, we use mathematical modal including all the assumptions imposed on the physical
problem. However, unlike building and other structures, there is no simplified standard procedure to
analyse concrete gravity dam for seismic loading. This is the underlying motivation of the present

study.
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MODELING USING ANSYS 13.0
ANSYS MODEL

The 2D cross-section of the dam was modeled using a commercially available finite element package,
ANSYS 13.0 according to ANSYS user*s manual. The natural frequencies and mode shapes of the 2D
dam model are obtained by modal analysis. The element type used is ,,Solid 8 node 183 plane strain®
solid elements which is an 8 noded structural shell, suitable for analysing thin to moderately thick
structures. The element has 8 nodes with 6 degrees of freedom at each node. The whole domain is
divided into 8* 8 meshes for all the cases. The boundary condition is given fixed at the bottom of the

Dam. This condition closely resembled the field situation.
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PROCEDURAL STEPS FOR MODELLING

The step by step procedure for modeling the dam in ANSYS 13.0 is explained as follows:
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4. Enter the Linear Isotropic Material Properties and press OKk.
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5. Material Models Available->Density->Enter the density of the Dam-> Ok
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6. Preprocessor->Modeling—>Create-> Key points—=> In Active CS-> Center the coordinate*s > Ok
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7. Preprocessor ->Modeling > Create->Areas-> Arbitary-> Through KPs

File

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

ANSYS Main Menu

Select List Plot PlotGtris

Y| | @ 0| @ @) |
ANSEYS Toolbar

| Preforences

| Preprocessor
@ Element Type
W Real Constants
[ Material Props
@ Sections
© Modeling

£ Create
B Keypoints
W Lines
© Areas
3 Arbi

A Qverlald nl\‘f«.l"-l
A8y Lines
A By Skinning
X By Offset
# Rectangle
1 Clrcle
u Polygon
# Area Flllot
0 Volumes
m Nodes
3 Elements
® Contact Pair
w Piping Models

WorkPlane

[A] Pick or enter ktypolits defining the sres

8. Solution ->Loads - Analysis Type ->New Analysis - Type of analysis — Modal > Ok

Fle Sede 1 ¥ - onMans
g

ANSY a

WAVE DB RESUM DB QAT POWRGRPH

ANSYS Man Menu x

& Preferences
il Preprocessor
Solution

2 Analysis Type

-

e Loads

5 Load Step Opts

5 SE Managemeant (CMS)
2 Rosults Tracking
12 Solve
= Manusl Rezoning
e Muylti-feld Set Up
© ADAMS Connection
& Diagnostics
2 bridged Menu
i Genaral Postproc
i TimeMist Postpro
Topological Opt
ROM Tool
# Design Opt
7 Prob Design
¢ Radiation Opt
3 Run-Time Stats
£ Session Edtor

" Clemiat

Fameters

Pagameters

Macro MepuClrls Help

s

| mar=1

type=1 | real=1

| socn=1

® |
0 |
@ |
(i |
9 |
@ |
o |
|

5

|

vl

2

[
3wl

i

JETIR2102134

| Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| 1132


http://www.jetir.org/

© 2021 JETIR February 2021, Volume 8, Issue 2

www.jetir.org (ISSN-2349-5162)

9. Solution - Loads = Analysis Type = Analysis Options > Mode extraction method — BlockLanczos

->No. of ques to extract - 5 9Qk i

Fle Select Ust Pl Pxa

ANSYS Man Mery
2 Preferences
t Preprocessor
1 Sclution
@ Analysis Type
2 New Analy

£ Define Loads
& Load Step Opts
v SE Managemaent (CHS)
2 Resulls Tracking
@ Solve
o Manual Rezoning
£ Multi-fleid Set Up
# ADAMS Connection
tx Diagnostics
2 Unabridged Menu
7 General Postproc
1 TimeHist Postpro
# Topological Opt
Il ROM Tool
0 Design Opt
4 Prob Design
@ Radiation Opt
£ Run-Time Stats

& Session Edor
) Clmiad
. ‘

Pk o mens Hem or anter an ANSYS (

10.Block Lanczos Method - Enter the start and end frequency - Ok

York ane

wnemand (SOLUT

F

W

Hdnc

MeruClr Hey

Elle Select List Plot PlotCrils  WorkPlane Pagameters Macro MepuCtris  Help

D& @ 0| @ e v =
ANSYS Toothar

SAVE_DB| RE Z-.IIMVI‘H‘ QUIT| POWRGRPH

ANSYS Main Menu

[ Preferences
@ Preprocessor
@ Solution
12 Analysis Type
M New Analysis
] ionPass
™) L Option
@ Define Loads
o Load Step Opts
0 SE Management (CMS)
& Results Tracking
M Solve
1 Manual Rezoning
® Multi-field Set Up
m ADAMS Connection
w Diagnostics
® Unabridged Menu
 General Postproc
@ TimeHist Postpro
@ Topologlcal Opt
1 ROM Tool
1 Design Opt
@ Prob Design
m Radiation Opt
W Run-Time Stats

[ Session Editor
™ Einiet

s
5

| Fick & meny item or enter an ANSYS Command (SOLUTION)

A Wock Lanczos Method

I\ 1) Optinna for llock Lanczos Modal Analysis

PREQH Start Fraq (Initial shift)
FREQE End Frequency

Hervikey  Nistmalice mide shapes

mat=1 | lypa=1

1)

| secn=1

o |

JETIR2102134

| Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| 1133


http://www.jetir.org/

© 2021 JETIR February 2021, Volume 8, Issue 2 www.jetir.org (ISSN-2349-5162)

11. Solutlon ->Define load-> StructuraleDlspIacemente On Lines >0k
File Select Ust P Pl WorkPlar Pagumeters  Macio MeguCis  Hegp
@ m el sy o & %l

SAVE D8 RESUM_D8| QUi

ANSYS Man Mong

o

rences @l ®»

ocessor Y

on | X

alysis Type &

fine Loads o

Sottings g

Apply 3
PIR

L F:)r:'t )‘!’ormn"
#l Pressure
T Temperature (O
4 Inertia
0 Pretnsn Sectn ad
£ Gen Plane Strain -
i Dthes X
eid Volume Intr -
N ]’1 l-l:”::k:vl ; :
2t R
Pick 8 sy Seen or seder an ANSYS Command (SOLUTION mat=1 hpe=1 wal=1
12. Enter the degree of Freedom to be constrained
A Hte | m e meewe e ) . S
..i.) Solubon 15 done! Mk I [J]
@®|

hs 1+ ®|
[ Preferences w0 &
il Preprocessor SOLUTION OPTIONR ’ |
fl Solution ponLEN nmm;mum 2 G gl . 24D [ N ek
) DEGHEES OF FREEDOM. . . . . . o oy i
[ Analysis Type AOEENIN TYPR 4 305 s Wice 8/ 0 68 6.6 8.6 @ @)
@ Define Loads X m\rnw mmon Y . ¢ &0 pTe ‘mmu LANCZO% |
EQUATION SOLUER OFTION. . . .« . & & & & & o« « l Su ¥4l
m Load Step Opts NUMBER OF MODER TO EXTRAGT A
© SE Management (CM8)| %g%' ll#"’r“gll)llkwlg":giliv ............ vu’: mmn 10 0. LOBON 2 @ |3+
FAl ! U . !
Bl Results Tracking GLOBALLY SELRULED MATAIR © 000 D1l BYANKLNIC - \
@ Solve NUNIER OF MOD Q)b niia o3 3 ™| "
o TR ELENENT REEULTS 1nlAnm||n« S 0Ky
s UITRIN L& il
m Partial Sol LOND STEP OFTIONS ey
1 Manual Rezoning LOAD BTHP mmluu .« o8 o w &/t 8 st 1)
s PHINT 0T R eicn’ 5 © IHo PRiNTOUY
& Multi-field Set Up DATABASH OUTPUT CONTROLS A T ALL DATR WRITTEN iy
m ADAMS Connection
[ Diagnostics =S
® Unabridged Menu <%
0 General Postproc |
1l TimeHist Postpro =
i1l Topological Opt e
M ROM Tool
m Design Opt o~
i Prob Design o
1 Radiation Opt <
W Run-Time Stats <
™ Session Editor $
[ Finish
P
Pick n memd item or enter an ANSYS Command (SOLUTION) mat=1 ype=1 ranl=1 | csys=0 | socn=1

13. Solution >Solve ->Current LS ->Press ok in the Solve Current Load Step window

Once the solution is done a window displaying that solution is done is displayed. Close the window.

14. For viewing the results, follow the step given below:General Postprocessing > Results Summary
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15. Steps to get nodal displacement.

Select Entities>Node—>Line>0Ok—>Select line>Plot line —>Select entities>Nodes> Attached
to>Lines all>Reselect->Ok->Plot node > General post.>Read result->First set-> List

RESULTS AND DISCUSSIONS

In order to get empirical formula for Natural Time period, a family of concrete gravity Dam is
selected. The dams that are taken into consideration are of varies depth, base width and side slope. The
detailed modal analysis procedure for dam is explained in Chapter 3. The height and base width of the
selected dams are given in Table 4.4. After analyzing 10 dam, the modal mass ratio of all the dam of
the different period is tabulated as shown in Table 4.5. Now the big question arises, how many modes
are required to calculate the base shear? Table 4.5 will provide the answer of the above question. From
Table 4.5, it can be concluded that the 1% and the 2" mode of the dam are required for calculation of
the Base Shear as it contribution is lies from 75%-95%. Other modes can be neglected as their
contribution to the modal mass ratio is not very high. So, for the calculation of base shear first two
natural time periods are going to be used.
Table 4.4: Dimensions of Dams

Dam ID Height (m) | °° Vg\if/th (m) | Top ﬁwh M| Ratio=BW/TW
Dam 1 100 180 10 1.80
Dam 2 125 225 10 1.80
Dam 3 150 270 10 1.80
Dam 4 175 320 10 1.83
Dam 5 150 180 10 1.20
Dam 6 150 135 10 0.90
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Fig. 4.4: Different modes shapes of Bhakra Dam
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Table 4.5: Range of Modal Mass Ratio

Mode Number Range of Modal Mass Ratio
1 45-55
2 35-50
3 0-15
4 0-15
5 0-10

ESTIMATION OF NATURAL PERIOD

Relation between Dam Height and Time Period

Each time it is not possible to calculate the natural time periods through ANSY'S analysis. In order to
simplify the problem, a relation between natural time period, height and base width is formulated. The
relationship between the height and natural time period of the selected dams having constant slope (i.e.,
1.80) is shown in Table 4.6. In order to derive the relationship between height and time period, a plot
between the dam height and time period is drawn as shown in Fig. 4.5. It can be seen from Fig. 4.5 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 functions of its overall height.

Table 4.6: Relation between the dam height and time period

Height (m) 1t Period (s) 2" Period (s) 3" Period (s)
100 0.18 0.11 0.09
125 0.22 0.12 0.11
150 0.26 0.16 0.13
175 0.30 0.17 0.15
200 0.34 0.19 0.17
226 0.38 0.21 0.19
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Fig 4.5: Plot between heights vs. period

Relation between the Base Width and Time Period

In the similar manner the relationship between the base width and natural time period is tabulated in
Table 4.7. In order to have the relationship a plot between the base width and time period is drawn and
presented in Fig. 4.6. It can be clearly seen from the Fig 4.6 that the 1% mode period of the dam
decreases with increase in Base Width. The rate of decreasing is decreasing with increase in the base
width. But in case of 2" and 3rd mode period; the base width was found to have no influence. From
this it can be conclude that the 1% mode period depends on Base Width but other higher mode periods

are independent of base width.

Table 4.7: Relationship between Base Width and Time Period.

Base Width (m)

1% Period (s)

2" Period (s)

3" Period ()

135 0.32 0.17 0.13
180 0.28 0.16 0.13
270 0.26 0.16 0.13
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Fig 4.6: Plot between Base Widths vs. Periods

Formulation for Natural Time Period

A regression analysis is carried out on the data obtained from the selected dams. From Table 4.5, it can
be seen that the first two periods are more important as its contribution to modal mass ratio is about
75%-95%. Because of that an empirical formula for the first two periods is formulated in this chapter.
From Figs. 4.4-4.5, it can be clearly seen that the first natural time period depends on height and base
width of the dam. But in 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 dam is given by the Eq. (4.1)
and Eq. (4.2) respectively.

T1=0.0028h*3p0%* (4.1)

T, = 0.002h°%¢ (4.2)
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Where T is the first natural time period of the dam, T 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.
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0.5 * 1st Mode Period
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Fig 4.7: Plot between Actual periods vs. Predicted periods

In order to check the accuracy of the Eq. (4.1) and Eqg. (4.2), a plot between the actual period and the
estimated period is drawn. This plot can be seen in the Fig. 4.7. The actual period and the estimated
period are almost lies near to each other when a 45° line is drawn in order to compare the deviation.
This shows that the formula that has been derived in Eq. (4.1) and Eq. (4.2) give almost good result to
real life problems.
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CALCULATION OF BASE SHEAR

After having the empirical formula for natural time period, the next big thing is to “How to calculate
the base shear?” According to IS 1893 Part-1, the Base Shear is calculated as given in Eq. (4.3).

Ve =AW (4.3)
An=(Z/2)(I/R)(S4/9) (4.4)
Vv A

Where g is the base shear of the dam, 1 is the horizontal seismic coefficient, W is the total

weight of the dam, Z is the Zone Factor given in Table 2 of IS 1893 part 1, | is the Importance

Factor given in Table 6 of IS 1893 part 1, R is the Response Reduction Factor and a / g is the
spectral acceleration coefficient.

The above formula is also applicable for the dam as it is calculated for the single degree of freedom
system. Now, the problem is how to calculate the horizontal seismic coefficient. The value of Z and |
can be obtained from IS 1893 Part 1. The value of R can be taken as 4 because

of the brittle nature of the dam. a 6 value can be obtained from the Fig 4.8 corresponding to its

period. In case of building first natural time period is dominating. So, corresponding to the first period
Sa g value is calculated from Fig. 4.8. But in case of dam both the first and second time period are
important/Hence, how to calculate the Sa g value for the dam is explained in the next section.

/
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Fig. 4.8 Response Spectra for Rock and Hard Soil Sites for 5 Percent Damping

CONCLUSIONS

The conclusions presented here are limited to the salient contributions made in the present study:

0) A formulation for estimation fundamental period of concrete gravity dam is proposed based
on dynamic analysis of a family of concrete gravity dam of varying dimensions.

i) A procedure is developed to estimate the design base shear of concrete gravity dam that
includes the higher mode effect.

i) A new approach for spatial distribution of base shear along the height of the dam is
proposed. This procedure is computationally attractive for the designers.
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