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ABSTRACT 

Since the failure of a dam is far more disastrous to a 
community than other structures, its safety is of vital 
importance. This is more so during earthqxakes. Rock-
fill dams have complex dynamic properties and their 
behaviour during earthquake has not yet been fully 
understood. Damages like sliding of slopes and collap-
sing have been observed during earthq,uakes. 

The stability of rockf ill dam during earthquake have 
been investigated by several authors based on analy-
tical and experimental studies. Since conventional 
methods do not take into account the stress distribu-
tion within the dam, the factor of safety of a dam, 
thus evaluated, needs critical examination, The other 
methods, based on the response calculation, give only 
qualitative assessment of the safety of the dam, The 
quantitative evaluation of safety or the failure soce-
lera'tion for a darn, use these methods, has not beet 
reported, However, since the rockfill material is 
week in tension, the effect of tension on the failure 
acceleration and thereby on the safety of the dam, 
has also bet been reported in presently available 
methods for evaluation of seismic stability. Since, 
the nonlinear properties of the rokf ill material 
significantly effect the tension developed in the dam 
and thereby the safety, the effect of this aspect on 
the safety, also needs to be investigated, These 
shortcomings in the existing literature have been 
overcome in the present research programme. 

An analysis procedure, using finite element method, 
has been developed. Pseudo-static arialysis, using 
elastic material properties, has been presented in the 
first part of the 'thesis. A consistent definition 
of failure acceleration, based on tension area deve-
loped in the darn, has been arrived at. Failure 
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accelerations for various dam sections, having differ—
exit upstream and downstream slope combinations, have 
thus been evaluated. The results have been compared 
with the available experimental data. The effects of 
various parameters, like core inclination, core stiff—
fleas, reservoir conditions, variation in seismic co-
efficient along the height of the dam etc, on the 
failure acceleration have been investigated. The 
factor of safety, along assumed slip surfaces, has 
been computed based on stress distribution in the dam 
and compared with that obtained by conventional method, 

In the second part of the thesis, effect of material 
nonuiriesri-ty has been included in the finite element 
formulation. Three mathematical no—tension models, 
accounting for material nonlinearity, have been deve-
loped, The one giving best convergence of tensile 
stresses, has been used for further analysis. Using 
pseudo—static approach, the failure accelerations are 
evaluated for various dam sections, as in part one 
above, and the results are compared with those ex-
perimentally available. The effects of various para-
meters, as In part one above, on the failure accele-
ration, have been investigated. Here also factor of 
safety has boon computed and compared with that by 
oonvintional method, 

In part three of the analysis, the response of the 
dam, for elastic material properties, have been 
computed using dynamic analysis procedures. The 
effects of core inclination and more stiffness on 
the response hove been investigated. The results are 
compared with those of pseudo—static no—tension 
analysis, as well as, those of dynamic elastic ana-
lysis.  
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In the fourth part, the dynamic response is computed 
for nonlinear material properties, The effects due 
to parameters as in part three are investigated. The 
results thus obtained are compared with those of 
pseudo—static no—tension analysis, as well as, those 
of dynamic elastic analysis.  

The important conclusions from the foregoing analysis 
are drawn and presented, 

In brief, the present study provides a validated 
approach for the analysis and design of rockf ill dam 
using nonlinear material properties. The estimate 
of adequacy of the pseudo—static approach for evalua-
ting failure acceleration of a rookfill dam is dis-
cussed and the limitations of conventional factor of 
safety formulation are highlighted. 



CO N TE N TS 

Chapters 	 Page 

CERTIFICATE 	 (.) 
ACKNOWLEDGMENTS 	 (ii) 
ABSTRACT 	 (iv) 

1 --- 	INTRODUCTION 	 1 
1.1 Introduction 	 1 
1.2 Present state of the art for evalu-

atiz seismic stability of rookfill 
darn 	 2 

1,3 Inadequacy of existing work 	4 
1.4 Objectives of present study 	 6 

2 — 	LITERATURE REVIEW 12  
3 — 	PSEUDO-STATIC ELASTIC ANALYSIS 20 

3.1 Intx oduot ion 20 
3.2 Discretiestiori and Element  Eleznent bate 

Generation 21 
3,3 Loads 21 
3,4 Stiffness 25 
3,5 Displacements and Stresses 26 
3.6 Results of the Analysis 27 
3.7 F ctor of Safety 37 
3.8 Conclusions 41 

4 	- 	PSEUDO-STATIC NO—TENSION ANALYSIS 44 
4.1 Introduction 44 
4.2 No—tension Models 45  
4.3 No—tension Analysis 48 
4,4 Results of the Analysis 51 
4 ' ctcr of Safety 64 
4.6 Cozwiusions 65  



Chapters Page 

5 — DYNAMIC ANALYSIS FOR ELASTIC CASE 69 

5.1 	Introduction 69 
5.2 	Analysis 69 
5.3 	Results of the Analysis 72  
5.4 	Conclusions 75 

6 	-- DYNAMIC A LYS IS FOR NO—TENSION  CASE 77 
6.1 	Introduction 77 
6.2 	Analysis 77 
6.3 	Results of the .Analysis 78 
6.4 	Conclusions 83 

7 - CONCLUSIONS AND RECOMMENDATIONS 86 
7,1 	Conclusions 86 
7.2 	Recommendation 94 

REFERENCES 95  

TABLES 

FIGURES 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

