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ABSTRACT

Spillway is a critical component in a storage reservoir or in a diversion dam. Many failures of dams have
been caused by improperly designed spillways or by spillways of insufficient capacity. There have been
numerous instances, however, where the failure of a small dam with small storage capacity has resulted in
the loss of life and heavy property damage. Most small dams require a reasonable conservatism in design,

primarily because a failure must not present a serious hazard to human life.

Irrigation department is responsible for planning, designing, construction and maintenance of major
irrigation projects in the country. There are branches in the department for each category of work. The

design branch is responsible for designing of head works and improving of existing head works.

Design calculations arc done by manually and using MS Excel spread sheets. Design procedure is very
much time consuming process. Therefore the main objective of this research is to propose the
management of the department to enhance the design office facilities or design tools to get good quality
optimized designs in limited time period.

Today the cost of materials, plants, and labor are very high and rapidly increasing. That situation is
leading to more expenditure for structures and cost variations. Due to cost variations, delays of projects
occur and again the cost will be more. This is a cyclic effect and it will affect for the economy of a
country. If it is possible to reduce the period of the project and the quantity of resources used for a
particular project, it will help to reduce the overall cost of the project. To reduce the total time period,
designing period can be reduced and to reduce the quantity of resources, the structure can be optimized.
For that engineers should be more innovative and should be used modern techniques. Therefore
introducing the SAP 2000 software based on Finite Element Method for analyzing a\structure, above

objectives can be fulfilled. Also it will enhance the design office procedure and quality of designs.



ACKNOWLEDGEMENT

First, I would like to express my sincere gratitude to the Vice Chancellor, Dean, Faculty
of Engineering, Head, Department of Civil Engineering, course coordinator Dr. Ruwan
Weerasekara and Interview panel for granting me an opportunity to follow the M. Eng.
Degree on Structural Engineering Design. Also | wish to thank Dr (Mrs) M.T.P.

Hettiarachchi for the encouragement given as the coordinator of research projects.

Next, I would like to make use of this opportunity to express my sincere gratitude to the
staft members of Structural Engineering Division of Department of Civil Engineering
who worked with much dedication during the lecture series. The knowledge gained
through lectures was of immense benefit to my designs at work place and the research

work presented in this thesis.

Then, 1 am also most grateful to my supervisor, Prof M.T.R. Jayasinghe of the
Department of Civil Engineering, University of Moratuwa for his valuable suggestion,

guidance, encouragement and helpful advice during the elaboration of this thesis.

After that, 1 wish to thank Dr. (Mrs.) K.G.S. Dilrukshi, Mr. Chandana Peris for their
guidance, the officers of the structural design unit of the faculty, the librarian and other
stafl members of the library, the staff of the computer division helped in many ways
during this research. Also | would like to thank my family members for encouraging me
to follow this course and write this thesis. There are many others who helped a lot in this

project. I regret my inability to thank them individually.

Finally, I would like to thank all the senior Engineers in my organization, Department of
Irrigation for the guidance, sponsorship and study leave granted to follow the course

without which this work would not have been possible.
It is my hope that the research presented in this thesis would be benefit to my

organization, many engineers and would serve a useful purpose.

N.G.R. Ariyarathne.
September 2009.



DECLARATION

I. here by confirm that this Thesis is submitted in partial fulfillment of the requirements
for Master of Engineering in Structural Engineering Design and it is the result of my own
investigation and that has not been submitted in candidature for a degree /diploma of this

University or any other University.

11



Abstract

Acknowledgement

Declaration

Contents

List of Figures

List of Tables

Chapter 1 — Introduction

1.1 General

1.2 Objectives

1.3 Methodology

1.4 Main findings

1.5 Arrangement of the report

Chapter 2 - literature review

2.1 General

2.2 [rrigation systems

2.3 Sources of irrigation water

CONTENTS

Page

11

[11

A%

X

(U]



2.4 How an in-ground irrigation system works

2.5 Problems in irrigation

2.6 Irrigation systems in Sri Lanka

2.7 Categories of schemes

2.8 Spillways

2.8.1 Classification of spillways

2.8.2 Types of spillways

2.8.3 Purpose and function of spillways

2.8.4 Spillway components

2.8.5 Hydro mechanical equipment for gated spillways

2.8.6 Hoisting equipment

2.8.7 Design method and concepts

2.8.8 Operation of gated spillways

2.9 Finite element methods

2.9.1 General procedure for finite element analysis

2.9.2 Applications of Finite Element Methods

11

14

15

18

18

21

22

22

24



Chapter 3 - Manual method for stability analysis of spillway

and Finite Element Modeling

3.1 Selection of initial configuration

.1.1. Loads applying on structure

(2

.1.2. Results

L2

3.2 Finite Element Modeling

3.2.1 Description of 3 Models

3.2.2 Elements Used

3.2.3 Boundary Condition

3.2.4 Material Used

3.2.5 Loading

3.9.6 Three Dimensional (3D) Finite Element Modeling with SAP 2000

3.3 Manual calculations results comparison with Finite Element Modeling results

(OS]
(2
—

2D Models

3.3.1.1 SAP 2000 analysis results — stresses for 2D models

3.3.1.2 Comparison of the SAP 2000 analysis results with the
manual calculation results for 2D Model 3

Three Dimensional (3D) Models

L2
%)
[\

3.3.2.1 Stresses at upstream end of base

4

26

26

31

(2
(2

34

34

34

34

44

44

435

47

51



3.3.2.1.1 Load condition:
1. Reservoir empty, Gates are closed

2. Reservoir empty, Gates ar¢ open

3.3.2.1.2 Load condition:

3. Reservoir FSL, Gates are closed

4 Reservoir FSL, Gates are open

3.3.2.1.3 Load condition: )
5. Reservoir HFL, Gates are closed

6. Reservoir HFL, Gates arc open
3.3.2.2 Stresses at Downstream end of base

3.3.2.2.1 Load condition:
|. Reservoir empty, Gates are closed

2. Reservoir empty, Gates are open

3.3.2.2.2 Load condition;

~

3. Reservoir FSL, Gates are closed

4. Reservoir FSL, Gates are open
3.3.2.2.3 Load condition:
5. Reservoir HFL, Gates are closed

6. Reservoir HFL, Gates are open

3.3.3 Comparison of the SAP 2000 analysis results with

the manual calculation results for 3D Model 3
3.4 Structural optimization
Chapter 4 — Durability issucs and material optimization

4.1 Erosion of ogee section

VII

51

52

32

53

33

55

56



4.2 Alkali-Silica reaction

4.2.1 Definition of Alkali-Aggregate reaction

4.3 Preventive measures when potentially reactive aggregates must be used

4.4 Silica Fume

4.5 Material optimization

Chapter 5 — Conclusions

References

ANNEX A; Data and Drawings of Spillway at Deduruoya Reservoir

ANNEX B; Manual Calculations Details for Configuration 3 and Stresses
at Upstream and Downstream End of Base of 2D and 3D Models

ANNEX C; Stresses Diagrams for Load Conditions 1 to 6
for 2D and 3D Models

VI

56

56

57

58

59

60

61

63

70

95



LIST OF FIGURES

Figure Number and Description

Figure 3.1; Configuration 1

Figure 3.2; Configuration 2

Figure 3.3; Configuration 3

Figure 3.4; Slices for Configuration 3

Figure 3.5; Two Dimensional (2D) Model |

Figure 3.6; Two Dimensional (2D) Model 2

Figure 3.7; Two Dimensional (2D) Model 3

Figure 3.8; Three Dimensional (3D) Model 1

Figure 3.9; Three Dimensional (3D) Model 2

Figure 3.10; Three Dimensional (3D) Model 3

Page

27

28

29

[OS]
wh

36

37

47

48

49



LIST OF TABLES

Table Number and Description Page

Table 3.1: Summery of Manually Calculated Vertical Stresses at Base Level 33

(Bottom level of Slice 9)

Table 3.2: 2D Models; Stresses at Upstream End of Base 43
Table 3.3: 2D Models; Stresses at Downstream End of Base 43
Table 3.4: 2D-Models: Stresses at Upstream End of Base 46

Comparison with Manual Calculations

Table 3.5: 2D-Models; Stresses at Downstream End of Base 46

Comparison with Manual Calculations

Table 3.6: 3D Models; Stresses at Upstream End of Base 50
Table 3.7: 3D Models:; Stresses at Downstream End of Base 50
Table 3.8: Comparison of Manually Calculated Stresses at Upstream 54

End of Base of Configuration 3 with Stresses of 3D - Model

Table 3.9: Comparison of Manually Calculated Stresses at Downstream 54

End of Base of Configuration 3 with Stresses of 3D - Model



