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ABSTRACT

The need for a water tank is as old as civilization, to provide storage of
water for use in many applications. Design of water tanks is a time
consuming task, which requires a great deal of expertise. All tanks are

designed as crack free structure to eliminate any leakage.

An underground water storage tanks used for underground storage of
drinking water, wastewater & rainwater collection. The study includes the
design of rectangular tank in expansive soil that how the shape deflected and

what are the actions will be produced when tank empty or full.

This study aims to give idea for safe analysis and design of underground
reservoirs in a scalable soil due to moisture changes due to the presence of

metal materials with a poetic characteristics.

Design has been made for the supported walls first without toe and
found it unsafe, this led to consider toe with width B\3, it found the walls
exposed to a tensile strength, this could be prevented by increasing toe width

from 1.066 m to 1.733 m which gave good result when checked.

The study helps in understanding the design philosophy for the safe
design of ground water tank, in which wall of tanks subjected to pressure and
the base is subjected to weight of water. In this study tank made of
reinforced concrete and resting on ground monolithic with the base are

designed, and showed good results when checked for design.



oaliiiall

QU A avanal ZUsy Adliaal) GilaladinB slaall b il dapdd 3 jlias slaall (3 )3
s U1 AN UK 35080 e 1S 508 Callay (31 V) (Jysha g olaal)
J el g RS i Akl 0 6K5 ) e

Yl sl s oauall Capuall slia ol sl G A adiia g )Y ) A
GIOA JSG A0 gaay ALl alld 4 5 8 Jadatise ()R aseaal dwd ol Jad
Lliae Lo 5l o 3a0 058 Ladie Caaad 3l Ve & 53

Gl ela k_\l_a‘);j UA;)” e—\-ﬂ.ﬁA—\M 9 d.d;.\l\ ‘_AL uﬂ\ é\ :\.a.u\JAM XYY uA@J
ione 3 pe 5m 5] 3 sy sl i A DU AL 455 8 ia Y
ERRTERRICIN

o) 1 el e L) sy Cus a8y (e sailudl Ll sall sl Jae
3L  Leple lasll o3 053 gl (i jae Lailad) () aa 5 B/3 J gl a8 aladiu jlic
laLia) o Ladie 3 il cabaely jie 1,733 ) e 1,066 (s p28l) i e

o Gl dpa V) sl il AT (e arenail) ddulh agh 8 Al ol el
e gl N AN ol as dd jall o3 8 el )6l Lgiac 5 aaall Lgdal) ga
Lgaranal o Lgiae 8 die 3aaaa glee ) (A& )Y e ot All g dslual) ailu Al

il Gilaal e Jee die s A8 Cilac



LIST OF CONTENTS

LA ANY e |
DEDICATION .o e, I
ACKNOWLEDGEMENTS ... Il
AB ST R A CT . vV
ABSTRACT ARABIC ... e Vv
LIST OF CONTENTS .. Vi
LIST OF TABLES. ..., e VI
LIST OF FIGURES. ... e IX
LIST OF SYMBOL. ... e X
Chapter One: Introduction

1.1General INtrOdUCLION ........covveurieeeireeecesces et ess st et e ene s 2
1.2 Significance of the STUY.....cccoi i 2
1.3 Statement of the Problem ... e 3
1.4 Research Question and Hypotheses........cccueeveevieeceeviiee e 3
1.5 Objectives of the stUdy.......cceceiiiieei e 3
Chapter Two: Review on water tanks

2.1. Definition of Underground Tanks .........cccoveeieeeeciecce e e 4
2.2 Classification Of taNKS .......ccueviveeie i e e e 4
2.3 Types of underground tanks ........cccooveeeeieicieice e e 7
2.4 Determination of storage capacity required Water Demand................... 8
2.5 Construction of underground tank ........ccccceeeeeevieccereieeceee e 10
2.6 Water QUAlITY oot st s et e 18

2.7 Operation and MaintenNaNnCe........cccooeeevveccececceieee e eeeseesee e sreeenn 19

Chapter Three: Expansive soil

30 GNEIAL ettt ee ettt e eeeeeeeeeeeeaesaaeaaeerteteraarateareaaataesanaaaaanaaaanasnrnrennes 21



3.2 Literature Review and Problem DiSCUSSION........uueeeeieeeeeeeeereeiereeeeereeeeeeerenens 21

3.3 Identification of EXpansive SOilS........ccccevirieieiiiniine e 25
3.4 Predicting Potential Volume Change.......coocvvivinieccnvene e 25
3.5 Investigation and asseSSMENt.........ccceeveerieeccvieene e errs e eraeeene 0. 20

3.6 Expansive Soil Treatment Methods........cccccevveveeccevecce e cvveciieennn 27

3.7 General Design Requirements (LS.1) e 27
3. 8 Water Quantity EStimation.......ccco i e 31
3.9 General Design Requirements (1.S.1)....cccouviririeieieeicereeseese e e 33
3. 10 Minimum ReinforcemMent .......cccoee e et s 35
3.11 Minimum Cover to Reinforcement ........cccovevivevinirieeseercee e e 35
3.12 Types of retaining Wall...........cov oo e 35

Chapter fore: Design Of Under Ground R.C Rectangular Tank

L R CT=T o 1T - | SRR 39
4.2 Earth pressure on retaining Walls.........ccceeveeeeeee e 39
e D 1T F=q g T (=T o1 ST UPRRPPSR 44

Chapter Five: Results and Discussion

5:1 Laboratory RESUILS .....oceceieeieiee ettt ettt et et s 45
5:2 DESIN PrOCEAUIE ...ttt sttt et er e sre e r e e 45
5:3DESIZN WAl oottt et et sre e 56
5.4 DESIBN S SIAD .. et e e eraens 62

Chapter six: Conclusion and Recommendations

B:1 CONCIUSION .ttt ettt e e e st e e 66
6.2 ReCOMMENALIONS......coiiiriiieieee ettt e s e 66
RETEIENCE ... ettt st st s er e sre e 69
AN o oY= g Vo | T 72

Vii



LIST OF TABLES

Table 3 .1—Relation between Plasticity Index and Potential Swell............... 23

Table3.2—Relation between Volume Change and Swelling Pressure

versus Potential Damage ......oueveieeiininieriee e e 24

Table 3.3 Permissible concrete stresses in calculations relating to resistance

£0 CrACKING .ottt e e saesr e e e s e e enaen e 28

Table 3.4 Permissible stresses in steel reinforcement for strength

CalCUIRLIONS. .. e e 30
Table 5.1 The resisting MOMENTS .....cocecceeeieiicece et e 54
Table 5.2 The overturning MOMENTS .......cooveerveeveieieere et eeeees 54

viii



LIST OF FIGURES

Figure 3.1 Distribution of expansive soils (gazira state)......cceceeeeeervieveverennes 21
Figure 3.2 Expansive soil with polygonal patterns cracks.........ccceeveevveenenene 22
Figure 3.3 Types of retaining Wall........ccoocereeviinininieec e e 37
Figure4.1 Section of cantilever wall...........ccoooee i, 41
Figure4.2 The primary dimension of the wall..........cccccoeivvveiiiicience e, 43
Figure4.3 Treatment of soils if stresses are unsafe.......cccoeevevieciecicccnnns 43
Figure4.4 The net pressure on the base ........cccccceveueeneene Jeerrreeereenraenaeeeraenaeas 45
Figure5.1 Loads on the Wall ... e e 50
Figure5. 2 Loads on wall With 0@ .......ccuveiiieeiceee e 51
Figure5. 3 The pressure distribution under the wall .......cccoovrviiviiiveinnenee. 53
Figure5. 4 Loads and earth pressures acting on the wall ...........cccccovvveenenns 53
Figure 5.5 Cross section of wall reinforcement ..o 61
Figure 5.6 Cross section slab reinforcement ... ceeecee e, 64



LIST OF Symbol

Symbol
\Y} Volume (m?3)
A Top area of excavation (area of water surface when full m?)
B Bottom area of excavation (area of floor m?)
M Area at % depth(m?)
d Depth of water from surface to floor (m).
R Radius of water surface (m)
r radius of floor (m)
n = or 3.14159
L length of water surface (m)
W Width of water surface (m)
If length of floor (m)
wf width of floor (m)
y Density of soil (KN/m3)
1) Angle of internal friction
Ea; The horizontal force from surcharge load(KN)
Ea, The horizontal force from back fill load (KN)
Prax Maximum pressure (KN/mm?)
Prin Minimum pressure (KN/mm?)
e Electricity (mm)
X Depth of the neutral axis (mm)
a Distance from the compression face to the level at which
Crack Width is calculated (mm)
h When the crack width is calculated at the soffit (mm)




Width of the rectangular zone (mm)

d Effective depth of the longitudinal reinforcement (mm)
As Area of non-prestressed reinforcement (mm?)
Ap Area of prestressed steel (mm?)
Es Modulus of elasticity of non-prestressed steel
Ep Modulus of elasticity of prestressed steel
€1 Strain at the selected level based on a cracked sectional
analysis (mm)
acr Shortest distance from the selected level on the surface to
a Longitudinal bar (mm)
Chin Minimum clear cover to the longitudinal bar(mm)
h Total depth of the member(mm)
Em Average strain at the level where the cracking is being
considered
€ Strain at the level considered
DL Dead load (KN)
LL Live load (KN)
Areq Area of steel requirement (mm?)
Agprov Area of steel provide (mm?)
LL Liquid Limit
PL Plastic Limit
Pl plasticity index

xi




