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Abstract— Design elevated service reservoir is a time 

consuming task, which requires a great deal of expertise. 

Quick prediction of designing is a challenge before less 

experienced design engineers. In this study, genetic algorithm 

has been used in prediction of design of intze water tanks to 

developed software for designing of intze water tanks. The 

input parameters for the software are height to diameter ratio, 

angle of conical wall, number of columns etc. Using the 

software, various intze tanks, of different capacity have been 

designed. Using these input data, optimization by genetic 

algorithm is done for some parameters. It is observed from 

the study that design predictions are quite close to the true 

ones. Such methodology will be very useful for quick 

prediction of the tanks to carry out whole design process. 
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I. INTRODUCTION 

With the increasing trends of residential areas in the urban 

periphery and the upward graph of environment pollution, 

safe and hygienic drinking water is becoming scarce 

commodity for the inhabitants of urban as well as rural areas. 

So to tackle with this problem the water supply schemes are 

getting more and more importance in environmental 

engineering. In this consequence Elevated Service Reservoirs 

(ESR) is a very important environmental engineering 

structure, which costs a lot for the Government to construct. 

Hence the environmental engineering is requiring an 

optimization of ESR. 

 There are different types of ESR’s among which 

Intze type of ESR is found to be suitable for wide range of 

capacity. Here using a suitable reliability design and 

optimization technique is used for designing of Intze type of 

ESR. 

A. Importance 

The design calculations for Intze type ESR are very lengthy 

and tedious. It takes several hours for a structural designer to 

design an Intze type ESR.As compared to the effort required 

by a structural designer, he is not much paid. In this situation 

if a structural designer wants to optimize the structure it 

becomes a great problem for him as optimization technique 

requires several times design for the same structure for 

different dimensions/inputs. To overcome this problem here 

it is tried to computerize the optimization process taking into 

account all the reliability aspects. Using this work it requires 

much less time to optimize an Intze type ESR by genetic 

algorithm. 

B. Optimization 

Improvement procedure discover the conditions that give the 

most extreme or least estimation of a capacity. It very well 

may be seen from figure 1 that if a point v* relates to the base 

estimation of capacity f(v), a similar point likewise compares 

to the most extreme estimation of the negative of the 

capacity,- f(v).Thus, without loss of all-inclusive statement, 

enhancement can be interpreted as meaning minimization 

since the greatest of a capacity can be found by looking for 

the base of the negative of a similar capacity. 

C. Engineering Applications of Optimization 

1) Some typical applications from different engineering 

disciplines are 

2) Design of aircraft & aerospace structures for minimum 

weight 

3) Design of civil engineering structures such as frames, 

foundations, bridges, towers, chimneys, and dams for 

minimum cost. 

4) Minimum weight design of structures for earthquake, 

wind, and other types of random    loading. 

5) Design of water resource systems for maximum benefit. 

6) Optimal plastic design of structure. 

7) Optimum design of linkages, gears, machine tools, and 

other mechanical components. 

8) Selection of machining conditions in metal-cutting 

processes for minimum production cost. 

9) Design of material handling equipment such as 

conveyors, trucks, and cranes for minimum cost. 

10) Design of pumps, turbines, and heat transfer equipment 

for maximum efficiency. 

11) Optimum design of electrical machinery such as motors, 

generators and transformers. 

12) Optimum design of electrical networks. 

13) Shortest route taken by a salesperson visiting various 

cities during one tour. 

14) Optimal production planning, controlling and 

scheduling. 

15) Analysis of statistical data and building empirical models 

form experimental results to obtain the most accurate 

representation of the physical phenomenon. 

16) Optimum design of chemical processing equipment and 

plants. 

17) Design of optimum pipeline networks for process 

industries. 

18) Selection of a site for an industry. 

19) Planning of maintenance and replacement of equipment 

to reduce operating costs. 

20) Inventory control. 

21) Allocation of resources or services among several 

activities to maximize the benefit. 

22) Controlling the waiting and idle times and queuing in 

production lines to reduce the costs. 

23) Planning the best strategy to obtain maximum profit in 

the presence of a competitor. 

24) Optimum design of control systems. 

D. Optimization Techniques 

Mathematical Programming techniques helps in finding the 

minimum of a function of several variables under a prescribed 
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set of constraints. Stochastic process techniques are useful to 

analyze problems described by a set of random variables 

having known probability distributions. Statistical methods 

one to analyze the experimental data and build empirical 

models to obtain the most accurate representation of the 

physical situation. 

E. Classification of Optimization Problems 

1) Classification Based on the Existence of Constraints 

Any improvement issue can be delegated compelled or 

unconstrained relying on regardless of whether limitations 

exist in the issue 

2) Classification Based on the Nature of the Design 

Variables 

In view of the idea of structure variable experienced, 

streamlining issue can be ordered into two general classes. In 

the primary classification, the issue is to discover qualities to 

an arrangement of structure parameter that make some 

recommended capacity of the parameters least subject to 

specific limitations. Such issues are called parameter or static 

improvement issue. In the second classification of issues, the 

goal is to locate an arrangement of plan parameter, which are 

for the most part nonstop capacity of some other parameter 

that limits a target work subject to an arrangement of 

requirements. The direction or dynamic enhancement issue 

is, where each structure variable is an element of at least one 

parameter. 

3) Grouping Based on the Physical Structure of the issue 

The physical structure of the enhancement issue can be 

named ideal control or non-ideal control issues. An ideal 

control issue is a scientific programming issue including 

various stages, where each stage develops from the former 

stage in an endorsed way. It is generally depicted by two sorts 

of variable: the control (structure) and the state variable. The 

control variable characterize the framework and administer 

the development of the framework from one phase to 

straightaway and the conduct or status of the framework in 

any stage is depict by state variable. 

4) Classification Based on the Nature of the Equations 

Involved 

Another essential streamlining issue can be arranged on the 

nature articulations for the target work and the limitations. As 

indicated by this order enhancement issues can be named 

direct, non-straight, geometric, and quadratic programming 

issues. This characterization is to a great degree valuable 

from the computational perspective since there are numerous 

exceptional techniques accessible for the effective 

arrangement of a specific class of issue. 

5) Classification Based on the Permissible Values of the 

Design Variables 

The esteem allowed for the plan factors relies on 

advancement issues can be delegated whole number and 

genuine esteemed programming issues. Assuming a few or all 

the plan factors, v1, v2, … .., vn of an enhancement issue are 

limited to go up against just integer(discrete) values, the issue 

is called a whole number programming issue. Then again, if 

all the plan variable are allowed to take genuine qualities, the 

improvement issue is known as a genuine esteemed 

programming issue. 

6) Classification Based on the Deterministic Nature of the 

Variables 

In view of the deterministic idea of the factors included, 

streamlining issues can be named deterministic and stochastic 

programming issue. A stochastic programming issue is a 

streamlining issue in which a few or the majority of the 

parameter (structure factors and/or reassigned parameters) 

are probabilistic (non-deterministic or stochastic). 

7) Classification Based on the Separability of the capacities 

Improvement issues can be delegated detachable and non-

divisible programming issues relies on the detachability of 

the goal and requirements capacities. 

8) Classification Based on the Number of Objective 

Functions 

The limited number relies on target capacities, advancement 

issue can be named single and multi-target programming 

issues. 

II. LITERATURE REVIEW 

In this chapter an overview of the following literature related 

to optimization has been reviewed from various books and 

Journals. 

A. Cohn and Dinovitzer 

It is proposed that design optimization be considered from a 

structural rather than mathematical angle, particularly its 

regard to problem identification. Optimization of given 

structures is more widely illustrated than either 

section/member or system/layout optimizations. The most 

common examples are plane trusses and frames. Six model 

types are often used and represent 25% of the entire database. 

There is a considerable coverage of independent, static 

loading (88%). Steel appears to be the preferred material in 

published examples because of its simplicity and 

homogeneity. It is also convenient for modeling responses in 

both elastic and plastic ranges. Single-objective optimization 

is more widely adopted in examples, with weight or cost as 

priority objectives. Multi objective optimization is used about 

four times as often in probabilistic than in deterministic 

examples. Among the algorithmic tools used in the 

optimization examples, mathematical programming is 

preferred for moderate size structures and optimality criteria 

methods for large-scale structures. 

B. Martin 

An experienced builder can erect a safe structure, but only 

engineers can design economical safe structures. Economics 

is in the back of the mind of any practicing structural 

engineer. As the structure is only part of a building, the 

definition of cost optimization becomes difficult and 

complicated when items such as function, availability of 

space, life cycle, construction time, operation and 

maintenance, marketability, and the value of aesthetics come 

into play. Newmark and Rosenblueth’s (1971) definition of 

optimization is appropriate: The aim of any purposeful 

activity is optimization of the outcome. When the result can 

be graded by a scalar quantity called utility and which is a 

monotonically increasing function of desirability, 

optimization is synonymous with the maximization of that 

quantity. Accordingly, the purpose of engineering design is 

to maximize the utility to be derived from the system 
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produced. As a practicing structural engineer, the discusser 

could not refrain from making excursions into structural cost 

optimization. In 1973, the discusser presented a paper at the 

ASCE Structural Engineering Meeting in San Francisco 

(Martin 1973), in which the cost of axially loaded tied 

concrete columns was examined. The costs of concrete, 

reinforcing steel, and forms in New York City were 

considered. The cost was referred to the cost per kip of load 

carried, per lineal foot of column. The cost of forms, 

considering five uses, represented about 40% of the overall 

cost. Because the cost of forms was so high, the ratio of 

area/perimeter of the column becomes an important factor in 

the optimization of the cost of columns. The authors are to be 

congratulated for their comprehensive contribution to the 

subject of cost optimization of concrete structures, which is 

only part of the cost optimization of the function of a building. 

C. Cohn & Lounis 

Superstructure design of short- and medium-span highway 

bridge systems may be conceived as a process of multilevel 

and multi objective optimization. Three optimization levels 

are identified: (1) Level 1--component optimization; (2) 

Level 2--structural configuration optimization; and (3) level 

3--overall system optimization. Designs may be optimized by 

separately or simultaneously considering one, two, or more 

of the following objectives: cost, pre stressing steel or 

concrete consumption, and superstructure depth. The optimal 

solution may be found by a sequence of nonlinear 

programming and sieve-search techniques. Levels l and 2 

optimizations identify the best solutions for specific 

components (precast I-girders, voided and solid slabs, single- 

and two-cell box girders) and layouts (for precast I-girder: 

one, two, and three; simple or continuous spans). Level 3 

optimization selects the overall best system for given bridge 

lengths, widths, and traffic loadings. The present study results 

in: (1) A systematic procedure for bridge design; (2) a rational 

approach to optimization of standard precast sections; (3) 

direct design aids for selection of optimized bridge systems; 

and (4) simplified optimality criteria for preliminary design. 

D. Wang and Arora 

Two elective details dependent on the idea of synchronous 

examination and configuration are introduced and assessed 

for ideal plan of encircled structures. Diverse conduct factors, 

for example, nodal removals and part powers, are likewise 

treated as enhancement factors notwithstanding the real 

structure factors for the issue. With these details, the balance 

conditions progress toward becoming fairness limitations in 

the advancement procedure. The goal and all requirements 

end up express elements of the advancement factors. In this 

manner, their subsidiaries can be acquired effectively 

contrasted with those for the ordinary methodology where 

extraordinary structure affectability examination strategies 

must be utilized to ascertain subordinates. It is additionally 

less demanding to utilize existing examination programming 

for advancement with the elective plans on the grounds that 

the affectability conditions are not framed or unraveled. A 

successive quadratic programming strategy that abuses 

sparsity of issue capacities is utilized to take care of test issues 

and assess the plans. Usage of the elective definitions with a 

current investigation program is clarified. Points of interest 

and detriments of the plans are talked about. It is inferred that 

the elective details work great for streamlining of surrounded 

structures and have potential for further improvement. 

1) Arciszewski & Ziarko 

Another way to deal with auxiliary parametric enhancement 

is proposed. A two-organize case-based advancement 

process, including learning and generation stages, is 

exhibited. A concise depiction of a case-base thinking 

framework and its scientific establishments are additionally 

given. This framework was utilized in four investigations in 

the territory of structure and advancement of steel outlines 

under breeze, live, and dead stacking. Each analysis was a 

five-arrange learning process. At each stage, a case based 

thinking framework was utilized in various tests to make 

expectations in regards to the ideal cross areas of individual 

individuals and the aggregate weight of an unbending steel 

outline, in light of various instances of ideal plans. The 

aftereffects of these forecasts were contrasted and known 

ideal plans. The investigations were performed to decide the 

plausibility of the proposed enhancement and to distinguish 

the connection between the precision of case-based 

expectations and the quantity of preparing models. The 

examinations affirmed the normal achievability of the 

proposed streamlining. Beginning ends and 

recommendations for further research are incorporated. 

III. METHODOLOGY 

In order to standardize our results, two sets of samples were 

prepared as shown in figure below. 

 
Fig. 1: Flowchart of Methodology 

 
Fig. 2: Flowchart of Designing of Intze ESR 
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Fig. 3: Flowchart of Designing of intze ESR 

 
Fig. 4: Flowchart of Working of Genetic Algorithm 

IV. DESIGN & ANALYSIS OF INTZE TANK 

From design point of view the water tanks may be classified 

as per their shape, such as 

 
Fig. 5: Shapes of Elevated Service Reservoir 

1) Circular tanks 

2) Rectangular tanks 

3) Spherical tanks 

4) Intze tanks 

5) Circular tank with conical bottoms 

 Cylindrical tanks are more preferred because they 

are easy to construct. Cylindrical tank is designed into two 

parts: first is tank container and second is staging, according 

to loading conditions and the joint patterns of tank. The wall 

of such tanks is either monolithic with base slab or is provided 

with a sliding joint at its base so that the wall is free to deform. 

The staging of elevated water tanks generally has vertical 

columns resting on the perimeter of a circle like reinforced 

concrete frame. The columns are connected by 

circumferential beams at regular intervals. These 

circumferential bracings divide the staging configuration into 

a number of panels, this type of staging configuration more 

frequently used in practice. 

 The base slab and the roof for large size circular tank 

if made flat prove to be expensive. Domes may prove to be 

an economical alternative in such circumstances. When load 

on the bottom dome is heavy and its diameter is large, the ring 

beam needs large amount of reinforcement. It becomes more 

economical to reduce its diameter by introducing a conical 

dome. Such a tank is known as an intze tank. The bottom ring 

beam in that case requires much lighter reinforcement as the 

thrust from conical dome opposes that from bottom dome. 

For deeper tanks, therefore, this design proves to be 

economical. 

A. Structural Elements of Intze Tank 

The various structural elements of an Intze type tank 

comprises of the following: 

1) Top spherical dome 

2) Top ring beam 

3) Circular side wall 

4) Bottom ring beam 

5) Conical dome 

6) Bottom spherical dome 

7) Bottom circular girder 

8) Tower with columns and braces 

9) Foundations. 

The total examination of the intze tank is finished by: 

1) Analysis and Plan of different Parts on the Layer 

Examination 

In the layer examination, every segment of the structure is 

accepted to act autonomous of the other so the parts convey 

just film worries, with no twisting minute. In the film 

examination, each part is accepted to experience twisting free 

of others. Since the joints are consistent, these distortions are 

to be good. The impacts of progression of joint are therefore 

considered by encircling conditions of coherence of 

disfigurements. 

2) Effect of Joint Responses because of Congruity 

It is noticed that progression impact changes the circle 

worries close joints and furthermore forces meridional 

minutes, while the meridional anxieties are not influenced 

and continue as before as in film state. Intze tank are more 

conservative in extensive distance across tanks as it 

diminishes its measurement at its base by funnel shaped vault 

as appeared if figure. The principle favorable position of such 

a tank is, to the point that the outward push from the highest 

point of the funnel shaped part is opposed by the ring shaft 

while the contrast between the internal push from the base 

arch are opposed by ring pillar. The extents of the tapered 

arch and the base vault are arranged to the point that the 

outward push from base arch adjusts the internal push 

because of the cone shaped vault. 
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Fig. 6: Two Mass Idealization of Elevated Tank 

3) Seismic Analysis 

All the structures need to be design to have lateral resistance 

against seismic forces. Hence seismic analysis is also done. 

The horizontal acceleration is applied when a tank containing 

liquid with a free surface the lower district of tank containing 

fluid acts like a mass that is unbendingly associated with tank 

divider. 

 The hasty fluid mass is characterized as the mass, 

which quickens alongside the divider and initiates incautious 

hydrodynamic weight on tank divider and comparatively on 

base. The sloshing movement happens in the fluid mass of the 

upper district of tank. This mass is called as convective fluid 

mass applies convective hydrodynamic weight on tank 

divider and base. The aggregate fluid mass is grouped into 

two sections, i.e., hasty mass and convective mass. 

B. Design Example Consider for Optimization 

As a particular case of optimizing Intze type ESR using 

Genetic algorithm technique of optimization here a 900m3 

capacity intze tank is considered. 

1) Data Given 
 Capacity = 900 m3 

 Staging height = 16 m 
 Bearing Capacity of soil = 200 KN/m2 

 Foundation level below GL = 3m 
 Grade of concrete = M 20 

 Grade of steel = Fe 415 

 Density of concrete = 25000 N/m3 
 Density of water = 9800 N/m3 

V. RESULTS 

A. Preamble 

In this chapter the outcome of the project for the problem 

considered are shown. By considering a particular problem 

how the optimization process using genetic algorithm 

technique takes place is given step by step. The optimization 

obtained by genetic algorithm technique is shown below. 

 
Fig. 7: Optimized value by GA 

 
Fig. 8: Screenshot of Optimized solution by GA 

 Graphical Representation of optimization obtained 

for different components: For the process of applying genetic 

algorithm technique for Diameter of tank, Grade of concrete, 

Staging height, No. of columns and diameter of column by 

using Matlab software. The following graph shows the 

results. 

 
Fig. 9: Graphical Representation of Comparison of 

Optimized Solution 

VI. CONCLUSIONS 

The methodology for the application of the genetic algorithm 

technique to design different parameters of intze tank 

optimization. 
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 Results obtained show that the genetic algorithm 

technique is very effective in finding optimal solutions for a 

study in relatively few evaluations. 

 The results from genetic algorithm technique have 

been compared with complete traditional optimization which 

gives optimum values as well as least number of sections. 

 In future work can be extended for any type of ESR. 
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