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ABSTRACT

The dispersion of drinking water is regarded as a key service offered by countries. There
are management plans for this and for the proper piping system to be required for long-
term projects in the city to reduce maintenance, repairs and to continue the construction
cost-effectively. Water piping systems comprise transmitting and distributing to carry the
adequate quantity of water from the pumping area to the tower and from the tower in the
service area. There is a unique method whereby the pipes are placed underground. This
method is practiced as a standard everywhere as it minimizes the damage that may occur.
In piping networks, concrete blocks are applied to increase the stability of tees and bends
which help to change the direction of water length. The purpose of this study is to
enhance a parameter estimation model for concrete blocks of horizontal bends by
developing a conceptual framework. There are two approaches to analyze the whole

framework of the study, method 1 and method 2.

The height and width of the trench are quantified to identify the horizontal and vertical
positions of the bend. Combining the cube test with the slump test introduces a quadratic
regression model for the maximum load of the concrete cube, the mass of the concrete
cube, and the slump of the concrete to build the inequality of the maximum bearable load
of the concrete block. The compaction test results in a linear relationship between the
optimum moisture content and the maximum dry density through regression analysis to
find the maximum load of the compacted soil. Leaks on pipes and bends are determined
by pressure testing to identify head loss and thrust force in the water. The factor of safety
for bends is even the primary idea of estimating the parameters of concrete blocks. The
seven algorithms are developed by using MATLAB codes to determine the main factors
of the study. Each algorithm has its own pseudo code and diagrammatic representation.
By using these algorithms that developed for the built-up constraints of each test and

stage, the mean values of the block parameters are determined.

Keywords: bends, concrete blocks, conceptual framework, head loss, factor of safety



TABLE OF CONTENTS

DECLARATION
ACKNOWLEDGEMENT
ABSTRACT

LIST OF FIGURES

LIST OF TABLES

LIST OF ABBREVIATION

CHAPTER 1
INTRODUCTION

1.1 Effective factors of water demand
1.2 Water piping systems and networks
1.3 Pipes installation method
1.4 What is concrete?
1.4.1 Slump test
1.4.1.1 Procedure of slump test
1.4.2 Cube test
1.4.2.1 Procedure of cube test
1.5 What is soil?
1.5.1 Compaction test
1.5.1.1 Procedure of compaction test
1.5.2 OMC and MDD of soil
1.6 What is head loss?
1.6.1 Pressure test
1.6.1.1 Procedure of pressure test
1.7 Concrete thrust blocks
1.8 Objectives of the project
1.8.1 Main objective
1.8.2 Sub-objectives
1.9 Significance of the study
1.10 OQutline of the dissertation

Xi

Xii

© oo N W N R

12
14
15
16
18
19
20
21
22
23
23
23
24
25



CHAPTER 2
LITERATURE REVIEW

2.1 Water systems and models

2.2 Installation of pipes

2.3 Design of concrete thrust blocks
2.4 Characteristics of soil and concrete

2.5 Uses of Regression

CHAPTER 3
METHODOLOGY

3.1 Introduction of sample
3.1.1 Design of the analysis
3.1.2 Methods of the analysis
3.1.3 Method of developing algorithm
3.2 Regression approach
3.2.1 Mean
3.2.2 Scatter plot and Histogram
3.2.3 Bivariate correlation
3.2.4 Multiple Regression
3.2.4.1 Multiple linear regression model
3.2.5 Regression assumptions
3.2.5.1 Linearity
3.2.5.2 Normality
3.2.5.3 Multicollinearity
3.2.5.4 Homoscedasticity
3.2.6 Linear regression variable selection method
3.2.6.1 Stepwise method
3.2.7 Coefficient of determination (R-square value)

3.2.8 Residual

Vi

26

26

26
27
27
29
30

31
31

31
31
33
34
35
35
35
35
36
36
36
36
36
37
37
37
37
37
37



CHAPTER 4
ANALYSIS

4.1 Section 1 - Identifying the height and width of the trench
4.2 Section 2 - Identifying the slump of concrete mixture and maximum
Load of concrete cube
4.2.1 Preliminary Analysis 1
4.2.1.1 Distribution of dependent variable by independent variables
4.2.2 Advanced Analysis 1
4.2.2.1The relationship between variables in the Analysis 1
4.2.2.2 Overall model significance in the Analysis 1 (Part A)
4.2.2.3 Significance of the coefficients in the Analysis 1 (Part A)
4.2.2.4 Dropping independent variables in the regression model
4.2.2.5 Overall model significance in the Analysis 1 (Part B)
4.2.2.6 Significance of the coefficients in the Analysis 1 (Part B)
4.2.2.7 Coefficients of determination for Analysis 1
4.2.2.8 Identified Regression model for Analysis 1
4.2.2.9 Normality checking for Analysis 1
4.2.2.10 Homoscedasticity and Multicollinearity checking for Analysis 1
4.3 Section 3 - Identifying the dry density, moisture content, OMC, MDD
And DOC of compacted soil
4.3.1 Preliminary Analysis 2
4.3.1.1 Distribution of dependent variable by independent variables
4.3.2 Advanced Analysis 2
4.3.2.1 The relationship between variables in the Analysis 2
4.3.2.2 Overall model significance in the Analysis 2
4.3.2.3 Significance of the coefficients in the Analysis 2
4.3.2.4 Coefficients of determination for Analysis 2
4.3.2.5 Identified Regression model for Analysis 2
4.3.2.6 Normality checking for Analysis 2
4.3.2.7 Homoscedasticity checking for Analysis 2
4.4 Section 4 - Identifying the internal pressure, head loss, and resultant
Force through bends
4.5 Section 5 - Identifying the bearable load of the concrete block

vii

38
38
38

40
42
42
43
43
44
45
46
47
48
49
49
50

53
53
53
54
54
55
56
57
57
58
60

61
64



4.6 Section 6 - Identifying the factor of safety for bends

4.7 Section 7 - Comparing the parameters of concrete thrust block

CHAPTER 5
DEVELOPMENT OF ALGORITHM

5.1 Conceptual Framework
5.1.1 Algorithm 1 - Identifying the height and width of the trench
5.1.2 Algorithm 2 - Identifying the slump test for concrete mixture
And cube test for the concrete cube
5.1.3 Algorithm 3 - Identifying the compaction test for compacted soil
5.1.4 Algorithm 4 - Identifying the pressure test through bends
5.1.5 Algorithm 5 - Identifying the bearable load of concrete thrust block
5.1.6 Algorithm 6 - Identifying the factor of safety for bends

5.1.7 Algorithm 7 - Comparison of parameters (concrete thrust block)
CHAPTER 6
CONCLUSIONS

RECOMMENDATIONS AND SUGGESTIONS FOR FUTURE WORKS
LIST OF REFERENCES

APPENDICES

viii

69
73

75

75

75
76

78
80
84
87
90
93

95
95

97

98



Figure

Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4
Figure 1.5
Figure 1.6
Figure 1.7
Figure 1.8
Figure 1.9
Figure 1.10
Figure 1.11
Figure 1.12
Figure 1.13
Figure 1.14
Figure 1.15
Figure 1.16
Figure 1.17
Figure 1.18
Figure 1.19

Figure 1.20

LIST OF FIGURES

Description

Accepted water distribution method

Trench terminology

De-watering

Bedding

Placing pipe in trench

Pipe embedment

Procedure to lay the warning tape at the center of the trench
Equipment of slump test

Measuring the temperature of mixed concrete
Removing the excess concrete
Removing the mold from concrete
Shear slump and collapse slump
Equipment of cube test
Concrete compaction using tamping hammer
Leveling the concrete by tamping rod

Cube crushing machine

Damaged cube after crushing

Equipment of compaction test

Digging a 6’’x 6’ deep hole

Removing the soil of hole

Page

10
10
11

12
12
13
13
15
16

16



Figure 1.21
Figure 1.22
Figure 1.23
Figure 1.24
Figure 1.25
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7

Drying the soil

Sand calibration

Moisture — density curve

Equipment of pressure test

Thrust block before and after adding concrete

Sketch of height and width of the trench

Sketch of measuring invert level of bends
Slump distance in slump test
Graphical representation of mass vs. maximum load (concrete)
Graphical representation of slump vs. maximum load (concrete)
Histogram of the Residuals for Analysis (Concrete)

Normal P-P Plot of the Residuals for Analysis (Concrete)

Figure 4.8 Scatter plot of the residuals for analysis (Concrete)

Figure 4.9 Graphical representation of OMC vs. MDD (soil)

Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13
Figure 4.14
Figure 4.15

Figure 4.16

Histogram of the Residuals for Analysis (Soil)

Normal P-P Plot of the Residuals for Analysis (Soil)
Scatter plot of the residuals for analysis (Soil)

Sketch of the varying direction of fluid velocity and force
Sketch of total load capacity on concrete block

Sketch of load capacities with dimensional lengths

Sketch of load capacities with boundary level

17

17

18

20

22

38

39

41

42

42

50

50

52

53

58

58

60

64

65

69



LIST OF TABLES

Table  Description Page
Table 1.1 Standard grades of concrete 11
Table 4.1 Height and width of the trench according to the diameter 38
Table 4.2 Relationships of Analysis (Concrete) 43
Table 4.3 Analysis of variance A (Concrete) 44
Table 4.4 Significant values and coefficients of analysis (Concrete) 45
Table 4.5 Analysis of variance B (Concrete) 47
Table 4.6 Significant values and coefficients of analysis (Concrete) 48
Table 4.7 Summary of model fit for analysis (Concrete) 49
Table 4.8 Multicollinearity of analysis (Concrete) 52
Table 4.9 Relationships of Analysis (Soil) 54
Table 4.10 Analysis of variance (Soil) 55
Table 4.11 Significant values and coefficients of analysis (Soil) 56
Table 4.12 Summary of model fit for analysis (Soil) 57

Table 4.13 Ranges for internal pressure (P) through bends according to the diameter 61

Table 4.14 Coefficients of head loss when working pressure is 6 bar 62
Table 4.15 Average weights for selected types of vehicles 67
Table 4.16 Standard lengths and heights of concrete blocks 68
Table 4.17 Masses and unit weights (densities) of concrete cubes 71
Table 4.18 A series in each algorithmic method 73

Xi



Abbreviation

ABC

FOS

DD

DI
DOC
GL
MDD
NWS&DB
OMC
PBM
PE
PNT
PVC
TBM
TS

UuoM

LIST OF ABBREVIATIONS

Description

Aggregate Base Coarse

Factor of Safety

Dry Density

Ductile Iron

Degree of Compaction

Ground Level

Maximum Dry Density

National Water Supply & Drainage Board
Optimum Moisture Content
Permanent Bench Mark

Poly Ethylene

Pressure Nominal in Temperature
Poly Vinyl Chloride
Temporary Bench Mark
Total Station

University of Moratuwa

Xii



